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DATA HANDBOOK SYSTEM 

To provide you with a comprehensive source of information on electronic compo-
nents, subassemblies and materials, our Data Handbook System is made up of three 
series of handbooks, each comprising several parts. 
The three series, identified by the colours noted, are: 

ELECTRON TUBES (9 parts) BLUE 

SEMICONDUCTORS AND INTEGRATED CIRCUITS (5 parts) RED 

COMPONENTS AND MATERIALS (5 parts) GREEN 

The several parts contain all pertinent data available at the time of publication, and 
each is revised and reissued annually; the contents of each series are summarized 
on the following pages. 
We have made every effort to ensure [hat each series is as accurate, comprehen-
sive and up-to-date as possible, and we hope you will find it to be a valuable source 
of reference. Where ratings or specifications quoted differ from those published in 
the preceding edition theywill be pointed out by arrows. You will understand that we 
can not guarantee that all products listed inany one edition of the handbook will re-
main available, or that their specifications will not be changed, before the next edi-
tion is published. If you need confirmation that the pusblished data about any ofour 
products are the latest available, may we ask that you contact our representative. He is 
at your service and will be glad to answer your inquiries. 

January 1970 
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ELECTRON TUBES (BLUE SERIES) 

This series consists of the following parts, issued on the dates indicated. 

Part 1 January 1971 
Transmitting tubes. (Tetrodes, Pentodes) Associated accessories 

Part 2 
Tubes for microwave equipment 

Part 3 
Special Quality tubes 

Part 4 
Receiving tubes 

Part 5 
Cathode-ray tubes 
Photo tubes 
Camera tubes 

February 1970 

March 1970 
Miscellaneous devices 

April 1970 

May 1970 
Photoconductive devices 
Associated accessories 

Part 6 June 1970 
Photomultiplier tubes Radiation counter tubes 
Scintillators Semiconductor radiation detectors 
Photoscintillators Neutron generator tubes 

Associated accessories 

Part 7 July 1970 
Voltage stabilizing and reference tubes Thyratrons 
Counter, selector, and indicator tubes Ignitrons 
Trigger tubes Industrial rectifying tubes 
Switching diodes High-voltage rectifying tubes 

Part 8 August 1970 
T.V. Picture tubes 

Part 9 
Transmitting tubes (Triodes) 
Tubes for R. F. heating (Triodes) 

January 1971 

January 1971 
Associated accessories 



SEMICONDUCTORS AND INTEGRATED CIRCUITS (RED SERIES) 

This series consists of the following parts, issued on the dates indicated. 

Part 1 Diodes and Thyristors 

General 
Signal diodes 
Tunnel diodes 
Variable capacitance diodes 
Voltage regulator diodes 

Part 2 Low frequency; Deflection 

General 
Low frequency transistors (low power) 
Low frequency power transistors 

Part 3 High frequency; Switching 

General 
High frequency transistors 

Part 4 Special types 

General 
Transmitting transistors 
Microwave devices 
Field effect transistors 
Dual transistors 
Microminiature devices for 
thick- and thin-film circuits 

Part 5 Integrated Circuits 

General 
Digital integrated circuits 

DTL (FC family) 
TTL (FJ family) 
MOS (FD family) 

September 1970 
Rectifier diodes 
Thyristors, diacs, triacs 
Rectifier stacks 
Accessories 

Heatsinks 

October 1970 

Deflection transistors 
Accessories 

November 1970 

Switching transistors 
Accessories 

December 1970 

Beam lead devices for 
thick- and thin-film circuits 

Photo devices 
Accessories 

March 1971 

Linear integrated circuits 

March 1971 



COMPONENTS AND MATERIALS (GREEN SERIES) 

This series consists of the following parts, issued on the dates indicated. 

Part 1 Circuit Blocks, Input/Output Devices September 1970 
Circuit blocks 100 kHz Series 
Circuit blocks 1 -Series 
Circuit blocks 10 -Series 
Circuit blocks 20 -Series 
Circuit blocks 40-Series 
Counter modules 50 -Series 
Norbits 60 -Series, 61-Series 

Part 2 Resistors, Capacitors 
Fixed resistors 
Variable resistors 
Non-linear resistors 
Ceramic capacitors 

Part 3 Radio, Audio, Television 
FM tuners 
Coils 
Piezoelectric ceramic resonators 

and filters 
Loudspeakers 
Audio and mains transformers 

Circuit blocks 90-Series 
Circuit blocks for ferrite core 

memory drive 
Input/output devices 

December 1970 
Polyester, polycarbonate, polystyrene, 
paper capacitors 
Electrolytic capacitors 
Variable capacitors 

February 1971 
Television tuners 
Components for black and white television 
Components for colour television 
Deflection assemblies for camera tubes 

Part 4 Magnetic Materials, White Ceramics March 1970 
Ferrites for radio, audio Ferroxcube transformer cores 

and television Piezoxide 
Ferroxcube potcores and square cores Permanent magnet materials 
Microchokes 

Part 5 Memory Products, Magnetic Heads, Quartz Crystals, 
Microwave Devices, Variable TransFormers, 
Electro-mechanical Components 

Ferrite memory cores 
Matrix planes, matrix stacks 
Complete memories 
Magnetic heads 

February 1971 

June 1970 

Quartz crystal units, crystal filters 
Isolators, circulators 
Variable mains transformers 
Electro-mechanical components 
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PREFACE 

PREFACE TO DATA OF INTEGRATED CIRCUITS 

1. General 

t 

3 

The published data comprise particulars needed by designers of equipment in 
which integrated circuits are to be incorporated, and criteria on which to base 
acceptance testing of such circuits. For ease of reference, the data on each cir-
cuit are grouped according to the several headings discussed below. 
The limiting values quoted under the headings Characteristics and Package Out-
line may be taken as references for acceptance testing. 
Values cited as typical are given for information only. 
For an explanation of the type designation code, see the section Type Designation. 
For an explanation of the letter symbols used in designating terminals and per-
formance of integrated circuits, and the electrical and logic quantities pertaining 
to them, see the section Letter Symbols. 

2. Quick Reference Data 

The main properties of the integrated circuit summarized for quick reference 

3. Ratings 

Ratings are limits beyond which the serviceability of the integrated circuit may 
be impaired. The ratings given here are in accordance with the Absolute Maxi-
mum System as defined in publication no. 134 of the InternationalElectricalCom-
mission; for further details see item 2 of the section Rating Systems. 
If a circuit is used under the conditions set forth in the sections Characteristics 
and Additional System Design Data, its operation within the ratings is ensured. 

4. Circuit diagram 

Circuit diagrams and logic symbols are given to illustrate the circuit function. 

The diagrams show onlyessential elements, parasitic elements due to the method 
of manufacture normally being omitted. The manufacturer reserves the right to 
make minor changes to improve manufacturability. 

S. System Design Data and Additional System Design Data 

System Design Data normally derived from the Characteristics and based on 
worst -case assumptions as to temperature, loading and supply voltage, are quoted 

for the guidance of equipment designers .Supplementary information derived from 

measurements on large production samples may be given under Additional Sys-

tem Design Data. 

October 1968 ii u ~ 



PREFACE 

6. Application information 

Under this heading, practical circuit connections and the resulting performance 
are described. Care has been taken to ensure the accuracy and completeness of 
the information given, but no liability therefor is assumed, nor is licence under 
any patent implied. 

7. Characteristics 

Characteristics are measurable properties of the integrated circuit described. 
Under a specific set of test conditions compliance with limit values given under 
this heading establishes the specified performance of the circuit; this can be 
used as a criterion for acceptance testing. 
Values cited as typical are given for information only and are not subject to any 
form of guarantee . 

8. Logic symbols (digital circuits) 

Graphical logic symbols accord with MIL standard 806B. 
Supplementary drawings correlate logic functions with pin locations as a help to 
laying out printed circuit boards. 

9. Outline drawing and pin 1 identification 

Dimensional drawings indicate the pin numbering of circuit packages. 
Dual in-line packages have a notch at one end to identify pin 1. 
Take care not to mistake adventitious moulding marks for the pin 1 identification. 

Flat packs identify pin lby a small projection on the pin itself and/orby a dot on 

the body of the package. 
Metal can  encapsulations identify pin 1 by a tab on the rim of the can. 

October 1968 



TYPE DESIGNATION 

PRO ELECTRON TYPE DESIGNATION CODE 

a 
t 

a
i
4 
1 
l 

r 

The type number consists of three letters 
followed by three figures (sometimes fol-
lowed by a version letter`) 
For the purpose of type designation inte-
grated circuits are divided in fourgroups: 
- Digital family circuits 
- Digital solitary circuits 
- Analogue (including linear) circuits 
- Mixed digital/analogue circuits 

DIGITAL FAMILY TYPES 

First two letters: family 
Third letter: circuit function 
First two figures: serial number 
Third figure: operating ambient tempera-
ture range 

DIGITAL SOLITARY TYPES 

First letter: "S" 
Second letter: extension of serial number 
Third letter: circuit function 
First two figures: serial number 
Third figure: operating ambient tempera-
ture range 

ANALOGUE (LINEAR) TYPES 

First letter: "T" 
Second and third letter: extension of serial 
number 
First two figures: serial number 
Third figure: operating ambient tempera-
ture range 

MIXED DIGITAL/ANALOGUE TYPES 

First letter: "U" 
Second and third letter: extension of serial 
numbe r 
First two figures: serial number 
Third figure: operating ambient tempera-
ture range 

•The version letter denotes avariant with 
respect to electrical performance and/or 
encapsulation 

FUNCTION 

H =Combinatorial circuit 
7 

K 
L 
N 

Q 
R 
S 
Y 

= Bistable or multistable 
sequential circuit 

= Monostable sequential circuit 
= Level converter 
= Bimetastable or multimetastable 

sequential circuit 
= Read/write memory circuit 
= Read-only memory circuit 
= Sense amplifier 
= Miscellaneous 

OPERATING AMBIENT TEMPERA-
TURE RANGE 

1 = 0 to + 70 oC or wider 
2 = -55 to +125 oC or wider 
3 = -10 to + 85 oC or wider 
4 = +15 to + 55 oC or wider 
S = -25 to + 70 oC or wider 
6 = -40 to + 85 oC or wider 
0 =Open 

October 1969 1 
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PACKAGE OUTLINES 

14 LEAD PLASTIC DUAL I N-LINE (type A) Dimensions in mm 

r— 8.25max 
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SOLDERING 
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~_ 6.50 _~ 
6.10 
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~ 0.38 
0.23 

9.5 3 
7.37 

)Z 5,136.E 

A) Centre -lines of all leads are 
within ± 0. 254 mm of the 
nominal positions shown; in 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
± 0.51 mm. 

B) Lead spacing tolerances ap-
ply from seating plane to the 

top view line indicated. 

1. By hand 

Applythe soldering iron below the seating plane (or not more than 2 mm above it). 
If it s temperature is below 300° C it must not be in contact for more than 10 seconds; 
if between 300 °C and 400 ° C, for not more than 5 seconds. 

2. By dip or wave 

260 °C is the maximum allowable temperature of the solder; it must not be in 

contact with the joint for more than 5 seconds. The total contact time of succes-
sive solder waves must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the 

plastic body must not exceed the specified storage maximum. If the printed cir-

cuit board has been pre -heated, forced cooling may be necessary immediately 

after soldering to keep the temperature within the allowable limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 

1 October 1970 



PACKAGE OUTLINES 

14 LEAD PLASTIC DUAL IN-LINE (type B) Dimensions in mm 
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SOLDERING 
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6.2 
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s.2 ~~ 
7 ~6  ]2555681 

A) Centre -lines of all leads are 
within ± 0. 254 mm of the 
nominal positions shown; in 

the worst case, the spacing 

between any two leads may 

deviate from nominal by 
±0.51 mm. 

top view 

1. By hand 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 °C it mu st not be in contact for more than 10 seconds ; 
if between 300 °C and 400 ° C, for more than 5 seconds. 

2. By dip or wave 

260 ° C is the maximum allowable temperature of the solder; it must not be in 
contact with the joint for more than 5 seconds. The total contact time of succes-
sive solder waves must not exceed 5 seconds. 

The device may be mounted up to the seating plane, but the temperature of the 
plastic body must not exceed the specified storage maximum. If the printed cir-
cuit board has been pre -heated, forced cooling maybe necessary immediately 

after soldering to keep the temperature within the allowable limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 

October 1970 



PACKAGE OUTLINES 

16 LEAD PLASTIC DUAL IN-LINE (type A) Dimensions in mm 
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A) Centre-lines of all leads are 
within ± 0. 254 mm of the 
nominal positions shown; in 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
± 0.51 mm. 

B) Lead spacing tolerances ap-
ply from seating plane to the 

top view line indicated. 

1. By hand 

Apply the soldering iron below the seatingplane (or not more than 2 mm above it) . 
If its temperature is below 300 ° C it must not be in contact for more than 10 seconds; 
if between 300 ° C and 400 ° C, for not more than 5 seconds. 

2, By dip or wave 

260 ° C is the maximum allowable temperature of the solder; it must not be in 

contact with the joint for more than 5 seconds. The total contact time of succes-

sive solder waves must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the 
plastic body must not exceed the specified storage maximum. If the printed cir-
cuit board has been pre -heated, forced cooling may be necessary immediately 
after soldering to keep the temperature within the allowable limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 

3 October 1970 



PACKAGE OUTLINES i 
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16 LEAD PLASTIC DUAL IN-LINE (type B) Dimensions in mm 
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SOLDERING 
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6.2 

A) Centre-lines of all leads are 

within t 0.254 mm of the 

nominal positions shown; in 
the worst case, the spacing 

  between any two leads may 
deviate from nominal by 
± 0.51 mm. 

top view 

1. By hand 

Apply the soldering iron below the seatingplane(or not more than 2mm above it). 
If its temperature is below 300 ° C it must not be in contact for more than 10 seconds; 
if between 300 ° C and 400 ° C, for not more than 5 seconds. 

2. By dip or wave 

260 ° C is the maximum allowable temperature of the solder; it must not be in 

contact with the joint for more than 5 seconds. The total contact time of succes-

sive solder waves must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the 

plastic body must not exceed the specified storage maximum. If the printed cir-
cuit board has been pre -heated, forced cooling may be necessary immediately 

after soldering to keep the temperature within the allowable limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 

October 1970 4 



PACKAGE OUTLINES 

14 LEAD METAL-CERAMIC DUAL IN-LINE 

Ir ~
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Dimensions in mm 
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8.89 
lnotet) 

]Z5532].i 

1. Leads on opposite sides are designed to fit in holes 7.62 mm apart. They are 

given positive misaligment so that they grip after insertion. 

2. Pin 1 is normally marked by a dot. 

5 
6 

October 1970 



PACKAGE OUTLINES 

16 LEAD METAL-CERAMIC DUAL IN-LINE Dimensions in mm 

2.0.8mox 
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  8.89 
I notet l ]Z55314 

1. Leads on opposite sides are designed to fit in holes 7. 62 mm apart. They are 
given positive misaligment so that they grip after insertion. 

2. Pin 1 is normally marked by a dot. 

October 1970 6 



PACKAGE OUTLINES 

24 LEAD METAL-CERAMIC DUAL IN-LINE Dimensions in mm 
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side view 

top view 

Notes 
1. Leads on opposite sides are designed to fit in holes 15. 24 mm apart. 
2. Pin 1 is marked by a notch and connected to the metal lid on the bottom of the 

package. 

7 October 1970 



PACKAGE OUTLINES 

40 LEAD METAL-CERAMIC DUAL IN-LINE 
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PACKAGE OUTLINES 

TO-99 METAL ENVELOPE 

TO-100 METAL ENVELOPE 
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GRAPHICAL SYMBOLS 

gates 

GATE SYMBOLS 
Symbols taken from MIL-STD-806B published 26-2-1962 together with the explana-

tion given in the MIL-STD are framed (the number in brackets refers to the sec-
tion of the MIL-STD from which the extract has been made ). 
Other symbols and explanations are unframed. 

A. LOGIC SYMBOLS (5 partial) *) 

AND The symbol shown below represents the AND function (5.1). 

~` D ~` ,~ „~ 
OR The symbol shown below represents the OR function (5.2). 

;np,c ~ oucpuc 
ra. sie. 

EXCLUSIVE —OR The symbol shown below represents the Exclusive-OR func-
tion (5.6). 

)D 
STATE INDICATOR (Active) (5.3). The presence of the small circle symbol at 

the inputs) or outputs) of a function indicates: 

(a) Input Condition. The electrical condition at the input terminals) which con-
trol the active state of the respective function. 

(b) Output Condition. The electrical condition existing at the output terminals) of 
an activated function. 

smte 

(5.3.1) A small circles) at the inputs) to any element (logical or non -logical) 
indicates that the relatively LOW (L) input signal activates the function. 
Conversely, the absence of a small circle indicates that the relatively 
HIGH (H) input signal activates the function. 

(5.3.2) A small circle at the symbol output indicates that the output terminal of 
the activated function is relatively LOW (L), the absence indicates that 
the output terminal is relatively HIGH (H). 

This small circle shall never be drawn by itself on a diagram. 

On pages 4 and 5 the terms HIGH and LOW and the translation of logic notations 

"0" and "1" into HIGH and LOW will be elucidated. 

*) See appendix for drawing dimensions. 
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GRAPHICAL SYMBOLS 

gates 

EXAMPLES

AND (5.1.1) (5.4) 

A B X A B X 

A L L L L L H 
A e ✓ 

X H L L e ~ 
X H L H 

L H L L H H 

H H H H H L 

The output is HIGH if and only The output is LOW if and only 
if all inputs are HIGH. if all inputs are HIGH 

OR (5.2,1) (5.5) 

A 

B x

A B X 

L L 

H L 

L H 
H H 

L 

H 
H 
H 

The output is HIGH if and only 
if any one or more of the inputs 
are HIGH. 

EXCLUSIVE -OR (5.6.1) 

A 

e x

A B X 

L L 
H L 
L H 
H H 

L 
H 
H 
L 

The output is HIGH if and only 
if any one input is HIGH and all 
other inputs are LOW . 

n 
~x B 

A B X 

L L 

H L 
L H 
H H 

H 

L 
L 
L 

The output is LOW if and only 
if any one or more of the inputs 
are HIGH. 

A 

e X

A B X 

L L 

H L 
L H 
H H 

H 
L 
L 
H 

The output is LOW if and only 
if any one input is HIGH and all 
other inputs are LOW . 

2 February 1969 



f 
t 

GRAPHICAL SYMBOLS 
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f 

Table I, (5.7) of MIL-STD-8068, shows two-input AND and OR gate symbols with 

all the possible combinations of terminals with or without state indicator. It will be 

noted that the AND-gate symbol in the 1st column has the same function table as the 
OR-gate symbol in the 2nd column. 

Table I 

AND OR Function 
A B 

Table 
X 

e x 

H 
H 
L 

L 

H 
L 
H 

L 

H 
L 
L 

L 

B~x 

e ~ x

H 
H 

L 
L 

H 
L 

H 
L 

L 
L 

H 
L 

e~x 

—~'\„ 
—~, J`~ - x 

H 
H 
L 
L 

H 
L 
H 
L 

L 
H 
L 
L 

x e~ e 

e~ x

See note ~ 

H 

H 
L 
L 

H 
L 
H 
L 

L 

L 
L 
H 

e 
—or'1 x
--off " 

B ~— x

H 

H 
L 
L 

H 
L 
H 
L 

H 
H 
H 
L 

e~ °—x

®~ x e ~
—x

H 
H 

L 
L 

H 
L 

H 
L 

H 
L 

H 
H 

e ~ x

H 

H 
L 
L 

H 

L 
H 
L 

H 

H 
L 
H 

e ~x 

a ~ x

H 
H 
L 

L 

H 
L 
H 

L 

L 
H 
H 

H 

a ~x 

See note 2 

Note 1. In literature often described as NOR. 
Note 2. In literature often described as NAND. 

Although the MIL -STD-806B does not use the expression NAND and NOR they are 
referred to becaused these terms are commonly used. 

February 1969 
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gates 

Although MIL -STD-806B shows the EXCLUSIVE -OR symbol only without state indi-
cator, for the sake of completeness Table II shows it with all the possible combi-
nations of terminals with or without state indicator. It will be noted from the table 
that one function table (3rd column) is applicable to four symbols. 

Table II 

Symbol Symbol Function Table 

e ~ x
B x A B X 

H H L 
H L H 

e ~.~ x a ~o— x L H H 
L L L 

A 

x

A 

e X
A B X 

B 

H H H 
See note 3 H L L 

L H L 

e ~ x
B x L L H 

Note 3, In literature described as BINARY COMPARATOR 

HIGH AND LOW 

The terms relatively HIGH and relatively LOW are explained with reference to the 
following three examples 

+5 volts =HIGH 

+0.5 volts =LOW +0.5 volts =HIGH 

-5 volts =LOW -5 volts =HIGH 

-10 volts =LOW 

It can be seen that the more positive voltage is termed relatively HIGH and the less 
positive is termed relatively LOW. These terms are abbreviated to HIGH (H) and 
LOW (L) respectively and are used throughout MIL -STD-806B. 

4 February 1969 
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gates 

r r 
I 
r 

f 
1 

f 

I 
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LOGICAL "1" AND "0" 

In deviation from MIL-STD-806B Appendix B, which for the sake of fully general 
systems applicability (page 17, fig.5) refrains from establishing any fixed relations 
between "active-nonactive" and "logical 0-1", we have in the following rules chosen 
to relate "active" to "1" and "non -active" to "0", as being most suitable when re-
garding each gate function separately. 

"0" at the input always symbolizes the non -activating signal or, at the output, the 
signalfrom anon-activated gate; 

"1" at the input always symbolizes the activating signal or, at the output, the signal 
from an activated gate: (The expression activated does not mean that current 
must flow at the respective terminals) but refers to the influence of inputs upon 
the outputs) of the respective gates.) 

The translation from the logic notation into the electrical levels HIGH and LOW is 
explained with the aid of two examples, one without state indicators and one with. 
In each case atwo-input AND gate truth table is drawn up, and a function table cor-
responding to the symbol is given so that a direct comparison can be made. 

For inputs or outputs without state indicator 

EXAMPLE

Truth Table 

with state indicator 

Logic 1 =HIGH (H) 
Logic 0 =LOW (L) 

Logic 1 =LOW (L) 
Logic 0 =HIGH (H) 

Symbol Function Table 

Inputs 
A B 

Output 
X 

Inputs 

A B 

Output 
X 

0 0 0 L L L 
1 
0-~ 

0 
1 

0 
0 

A L/  X
B 

H 
L 

L 
H 

L 
L 

1 1 1 H H H 

Inputs Output Inputs Output 
A B X A B X 

0 0 0 H L H 
1 0 0 A~e X L L H 
0 1 0 H H H 
1 1 1 L H L 
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gates 

B. DRAWING PRACTICE 

Any of the symbols from Tables I and II may be used in diagrams, bearing in mind 

the following general rule. 

Every signal line shall preferably have at each end 
either a state indicator circle, 

or no state indicator circle. 
An example showing how compliance with this rule can be achieved is given in the 
following sketch. 

AB+CD 

fig. 1 

should be 
drawn as 

fig. 2 

AB+CD 

A further advantage of drawing the symbol of gate 3 as in fig. 2 is that it is more ap-
parent that it behaves as an OR function than when drawn as in fig. 1 (cf. table I). 

When state indicators are not used no more than four input lines shouldbe drawn at the 

input side of the symbol (see fig.3). 

When state indicators areusednomorethan three input lines should be drawn at the 
input side (see fig. 4). 
Following these rules will help to avoid unnecessary crowding of lines in the drawing. 
When more input lines are needed the input side of the symbol can be extended in 
any of the ways indicated in fig. 5. 

Equidistant 
lines 

fig. 3 i ig. 4 

fig. 5 

6 February 1969 
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gates 

EXTENDED INPUTS 

If the number of inputs to an expandable gate is extended by means of an expander 
circuit, the output lines) of the expander is (are) connected to the specificexpansion 
inputs) of the gate as drawn below. 
The expander symbol shall be drawn to the same dimensions as the gate symbol; 
however, two filled arrows shall be drawn on each connection line, one arrow close 
to the expander symbol and another close to the gate symbol. 

I 

f 

f 

E 

r 

E 

f 

E 

f =gate 

E =expander 

A signal line provided with arrows need not imply the usual logic levels. Generally 
it should not be connected to "normal" inputs or outputs of gates. 

C. OUTPUT COMBINATIONS (6,3} 

Where functions have the capability of being combined according to the AND (or 
OR) function, simply by having the outputs connected, that capability shall be 
shown by enveloping the branched connection with a smaller sized AND or OR 
symbol , 

Dot "AND" Dot "OR" 

Note: These connections of outputs are often described in the literature as "WIRED-
OR" . 

~~ February 1969 7 
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gates 

EXAMPLES 

r~ 

The function Z is activated on its input by a HIGH level (be-
cause astate indicator is not applied there) if and only if 
both outputs of functions X and Y are HIGH. 
The branched connection shall therefore be enveloped by a 
small -sized AND symbol. 

The tunction Z is activated on its input by a LOW level (be-
cause astate indicator is applied there)if and only if one or 
both outputs df the functions X and Y are LOW . 
The branched connection shall therefore be enveloped by a 
small -sized OR symbol. 
It should be noted that it would seem necessary to use state 
indicators on all terminals of the Dot "OR" symbol for cor-
rect interpretation of the circ~iit. However it is not usual to 
use state indicators on Dot symbols. 

APPENDIX 

DRAWING DIMENSIONS 

Ratio of dimensions of symbols may be derived from the drawings shown. 

1.5a 

AND 

Symbols enveloping a branched connection 
shall have half the dimensions of the funda -
mental symbols. 

OR 

EXCLUSIVE -OR 

STATE INDICATOR 

~{ 
f 

Y 

1 

f 

1 
r 

Z 
d 

t 

I 

r 

t 
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flip -flops 

FLIP-FLOP SYMBOLS 

1. GENERAL SYMBOL 

forcing 
input 

• 

r r 

preparatory input —

commo~d or toggle input — 

preporotory input — 

FF 

— output 

— output 

forcing 
input ttsuss 

Y. DEFINITIONS 

Active or "1" state of an input signal. 

That state (either a level or a transition from one level to the other)which causes, 
directly or indirectly, a change of the output state. Conversely, the inactive or 
"0" state of an input signal is that state which does not cause an output change. 

Output state. 

There may be one output terminal (Q) or two (Q1 and QZ). If there are two, the 
"output state" refers to the states of the signals at Q1 and Q2; since these are 
normally complementary, the state at Ql is usually considered to represent the 
output state. 

Preparatory input terminal (e.g. J, K, D) 

An input terminal to which application of an active signal does not directly cause 
a change of the output state but prepares the circuit for such a change. 

Ccmmand input terminal (T) 

An input terminal to which application of an active signal causes the output toas-
sume the state corresponding to the preparatory inputs. It is also known as the 
"clock input terminal". 

Toggle input terminal (T) 

An input terminal at which an active transition from one level to the other directly 
causes a change of the output state. 

Forcing input terminal (Sl = "direct set", S2 = "direct reset") 

An input terminal a~ which application of an active signal directly causes the output 
to assume a specific state, irrespective of the states of other input terminals. 

December 1969 9 



GRAPHICAL SYMBOLS 

flip -flops 

8. LOCATION OF TERMINALS AND USE OF POLARITY STATE INDICATOR~SHOWN 
BY EXAMPLES 

Legend; H =HIGH level 

L =LOW level 

L-►H =transition from LOW level to HIGH level 

H-►L =transition from HIGH level to LOW level 

X =state (level or transition) has no influence 

? =indeterminate, unless exact timing of relevant input signals 
(e.g. S1 and S~) is known. 

3. 1. ]K flip-flop without forcing inputs 

T 

K 

FF 

°, 

°q 

An active (" 1") signal at J , together with an inactive ("0") signal at K and an 

active signal transition at T, causes the "1" state at Ql and the "0" state at Q2. 

Symbol 
Function table 

J K T Q1 Q2 

H L L~H H L 
' — °~ L H L-►H L H 
T- FF H H LiH reversed 
K — °, L L L-~H 

X X H~L 
no change 
no change ,,,s~„ 

H L H~L H L 
' °' L H H-►L L H 
T FF H H H-~L reversed 
K °~ L L H~L no change 

X X L~H no change :ss~se 

L H H-►L H L 
' ~ °' H L H~L L H 
r FF L L H-+L reversed 
K ' °~ H H H-+L no change 

X X L~H no change >=ss~s9 
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flip-flops 

3.2. JK flip-flop with forcing inputs 
s, 

r 
K 

FF 

s, 

°, 

n, 

Irrespective of the states at J, K and T: 
an active ("1")signal at Sl, together with 
an inactive ("0") signal at S2, causes Q1 
to assume the "1" and Q2 the "0" state 

Symbol 
Function table 

J K T S1 S2 Q1 Q2 

~— 
r— 

K

s 
~ 

—0, 

—°2

~,ss~., 

X 
X 
X 
H 
L 
H 
L 

X 

X 
X 
X 
L 

H 
H 
L 

X 

X 
X 
X 

L~H 
L~H 
L~H 
L-►H 
H-+L 

H 
L 
H 
L 
L 
L 
L 
L 

L 
H 
H 
L 
L 
L 
L 
L 

H L 
L H 
? ? 
H L 
L H 

reversed 
no change 

no change 

FF 

I 
s, 

~ 

T • 

K 

s~ 
• 

° 

°y 

y a

X 
X 
X 
H 
L 
H 
L 
X 

X 
X 
X 
L 
H 
H 
L 
X 

X 
X 
X 

H-►L 
H-►L 
H-►L 

HiL 
L-+H 

L 
H 
L 
H 
H 
H 

H 
H 

H 
L 
L 
H 
H 
H 

H 
H 

H L 
L H 
? ? 
H L 
L H 
reversed 

no change 
no change 

FF 

s, 

3.3. T flip-flop ("Toggle") 

T FF 

,~ss~.~ 

o, 

°, 

An active (" 1")signal transition at T causes 
the complementary states at Ql and Q2 to 
reverse. 

Symbol 
Function table 

T Q1 Q2 

T- FF 

— °, 

_°, 

L-►H 
H~L 

reversed 
no change 

r 
°, 

n, 

H-►L 
L~H 

reversed 
no change 

FF 

1355465 
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flip-flops 

3.4. Edge -triggered Dflip-flop 

° 

T FF 

°, 

°1 

An active (" 1")signal transition a T causes Q1 to assume the same state as D. 

I. e. , if D is in the "1" state during the active transition at T, Q1 also assumes 

the "1" state: if D is "0", Q1 also becomes "0". The output state will remain 

unchanged until the next active transition at T occurs. 

Symbol 

Function table 

D 
T 

Q1 Q2 level transition 

H L+H H L 

° — — °' L L-+H L H 
T- FF X X no change 

'-°~ X H-►L no change 

° ° H H~L. H L 

L HiL L H 
T • FF 

o, X X 

X L-►H 

no change 

no change 

° 

T 

°, L HiL 

H H~L 

H L 

L H FF 

°, X X no change 

X L-+H no change ss ss 
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flip-flops 

3. S. Level -operated ("gated") Dflip-flop, or "Bistable latch". 

(Graphical symbol equal to 3.4. ) 

D 

T FF 

°, 

°x 

As long as the signal at T is at i s active ("1") level, the signal at Q1 follows 
the signal at D. When the signal at T changes to its inactive ("0") level, the 
signal at Q1 latches (Subsequent changes in D cause no change in Ql). Q1 un-
latches when the signal at T returns to its active level. 

Symbol 

Function table 

D 

T 

Q1 Q2 level 
subsequent 
transition 

H H H L 

FF 
° 
r 

— °, H H H-►L 

L H 
H L 
L H 

— °x L H H~L L H 
X L no change :s, s 

H L H L 
~ °+ H L L-►H H L 
r FF L L L H 

°x L L LiH L H 
X H no change :„»„ 

L L H L 
~~ °' L L L+H H L 
r FF 

H L I, H 
°x H L L~H L H 

=..~s, X H no change 

i 

v 
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flip-flops 

4. MULTIPLE INPUTS 

Where inputs are functionally combined by an input gate, the connecting line be-
tween the gate symbol and the flip-flop symbol may conveniently be omitted, as 
shown in the drawing. 

5. TIME DELAY CIRCUIT 

The following time delay symbol (MIL-STD-806 B, 5.15) is used in some logic 
flip-flop block diagrams: 

6. DRAWING DIMENSIONS(to MIL -STD-806 B) 

The ratio of dimensions is given in the drawing above. 

For dimensions of gates and state-indicators see "Appendix", page 8. 
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RATING SYSTEMS 

RATING SYSTEMS 

ACCORDING TO I.E.C. PUBLICATION 134 

1. DEFINITIONS OF TERMS USED 

1.1 Electronic device. An electronic tube or valve, transistor or other 
semiconductor device. 
Note: This definition excludes inductors, capacitors, resistors and 

similar components. 

1.2 Characteristic. A characteristic is an inherent and measurable prop-
erty of a device. Such a property may be electrical, mechanical, ther-
mal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may 
also be a set of related values, usually shown in graphical form. 

1.3 Bogey electronic device.  An electronic device whose characteristics 
have the published nominal values for the type. A bogey electronic 
device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 

1.4 Rating. A value which establishes either a limiting capability or a 
limiting condition for an electronic device. It is determined for spec-
ified values of envir^nment and operation, and may be stated in any 
suitable terms. 
Note: Limiting conditions may be either maxima or minima. 

1.5 Rating system. The set of principles upon which ratings are estab-
lished and which determine their interpretation. 
Note: The rating system indicates the division of responsibility be-

tween the device manufacturer and the circuit designer, with the 
object of ensuring that the working conditions do not exceed the 
ratings . 

2. ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute maximum ratings are limiting values of operating and environ-
mental conditions applicable to any electronic device of a specified type 
as defined by its published data, which should not be exceeded under the 
worst probable conditions. 

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for equipment vari-
ations, environmental variations, and the effects of changes in operating 
conditions due to variations in the characteristics of the device under con-
sideration and of all other electronic devices in the equipment. 

p.t.o. 
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RATING SYSTEMS 

The equipment manufacturer should design so that, initially and through-
out life, no absolute maximum value for the intended service is exceeded 
with any device under the worst probable operating conditions with respect 
to supply voltage variation, equipment component variation, equipment 
control adjustment, load variations, signal variation, environmental con-
ditions, and variations in characteristicsof the device under consideration 
and of all other electronic devices in the equipment. 

3. DESIGN MAXIMUM RATING SYSTEM 

Design maximum ratings are limiting values of operating and environmen-
tal conditions applicable to a bogey electronic device of a specified type as 
defined by its published data, and should not be exceeded under the worst 
probable conditions. 

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the effects of changes 
in operating conditions due to variations in the characteristicsof the elec-
tronic device under consideration. 

The equipment manufacturer should design so that, initially and through-
out life, no design maximum value for the intended service is exceeded 

with a bogey device under the worst probable operating conditions with 

respect to supply voltage variation, equipment component variation,vari-

ation in characteristics of all other devices in the equipment, equipment 
control adjustment, load variation, signal variation and environmental 
conditions. 

4. DESIGN CENTRE RATING SYSTEM 

Design centre ratings are limiting values of operating and environmental 
conditions applicable to a bogey electronic device of a specified type as 
defined by its published data, and should not be exceeded under normal 

conditions . 

These values are chosen by the device manufacturer to provide acceptable ~ 
serviceability of the device in average applications, taking responsibility ~ 
for normal changes in operating conditions due to rated supply voltage 

variation, equipment component variation, equipment control adjustment, 
load variation, signal variation, environmental conditions, and variations 
in the characteristics of all electronic devices. 

The equipment manufacturer should design so that, initially, no design 
centre value for the intended service is exceeded with a bogey electronic 
device in equipment operating at the stated normal supply voltage. 

NOTE 

It is common use to apply the Absolute Maximum System in semiconductor 
published data. 

2 January 1968 



LETTER SYMBOLS 
digital circuits 

LETTER SYMBOLS 

FOR DIGITAL INTEGRATED CIRCUITS 
(Additional symbols for MOS circuits on page 4) 

1. General 

The voltages and currents are related to the terminals to which they are applied 
or at which they appear. Each terminal is indicated by a letter relating to the 
function of the device or the function of the pertinent signal. 
In order to avoid confusion by any ambiguity in logical conventions, signal levels 
are indicated by H (= HIGH, for the more positive potential) and L (= LOW,for. 
the less positive potential) . Where circuit functions or logical equations are in-
volved, the logical convention is mentioned specifically (for positive logic: H = 1, 
and for negative logic: H = 0), 

f 

2. Terminal designations 

D = D input of D type latch flip-flops 
E =expander input (if necessary, this. letter may be followed by an index, e.g. 

El or E2 or by one of the input letters, such as EG =gate expander input) 
G =gate input 
J, K = J, K input of JK flip-flops 
N =negative supply 
P =positive supply 
Q =output 
S =direct SET input 
T =trigger (or toggle) input 
~ =common supply return and voltage reference 

3. Subscript sequence for voltages and currents 

First subscript :terminal designation letter. 
Second subscript: H (for HIGH) or L (for LOW), if applicable, 
Third subscript :min or max, if applicable, 
Examples: Vp, IQL, VQHmin~ IpH (in the latter case H denotes that the output 

level is HIGH). 

4. Polarity of current and voltage 

A current is defined as positive when its conventional direction of flow is into 
the device. 
Unless otherwise specified, a voltage is measured with respect to the reference 
terminal (~. Its polarity is defined as positive when the potential is higher than 
that of the reference terminal. 
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digital circuits 

5. Time designations 

If required for reasons of unambigtuty, the related terminals may be included 
in the designations given below (e.g. t~l). 

tf =fall time (transition from HIGH to LOW, see Fig. 1) 

tH =signal HIGH duration (Fig. l) 

tL =signal LOW duration (Fig. l) 

tpd =average propagation delay time, defined as tpdr + tpdf 
2 

tpdf =fall propagation delay time (output voltage falling, see Fig. 2) 

tpdr =rise propagation delay time (output voltage rising, see Fig.2) 

tr =rise time (transition from LOW to HIGH, see Fig. l) 

tsc =duration of short circuit (from relevant terminal to common return fermi -
nal) 

Vpd =reference voltage level for propagation delay measurement 

Fig. 1. 

Fig. 2. 

HIGH b  

LOW 

t, 

input 

tH tq t~ 

output (inverted) 

Voutput (non-inverted) 
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6. Other designations 

i . c . =internally connected 
Terminals with this indication should be left open.Otherwisecorrect
working cannot be ensured; the device may even be damaged 

n.c. =not connected internally 
It is recommended not to use these terminals for any connection 

Ip =supply current 
The logic state of the device indicated by H or L is normally referred 
to the output level, unless otherwise specified 

= supply current 
Maximum d.c. value under defined conditions 

IPmax 

M 

ML 

MH 

Na

PH' PL 

Pav 

Ptot 

= d. c . noise margin 

= d.c. noise margin, signal level LOW 
(definedas:ML = VGLmax - VQLmax under defined loading,tempera-
ture and supply voltage conditions) 

= d.c. noise margin, signal level HIGH 
(calculated from:MH = VQHmin - VGHmin under defined loading,tem-
perature and supply voltage conditions 

QLmax 
= available d, c. fan-out (defined as: Na = under defined tempera-

tureand supply voltage conditions) -IGLmax 

= power consumption, defined as the product of the supply currents) 
and of the corresponding supply voltage(s). The logical state of the 
device, indicated by a letter index H or L, is normally referred to 
the output level, unless otherwise specified 

= average power consumption at50%duty cycle, unless otherwise speci-
IPH + IPL 

fied. It is defined as: Pav = Vp 
2 

= power dissipation, defined as the total power dissipated by the device. 
It is the sum of the products of all currents and voltages at each of the 
input, output and supply terminals, their polarities being taken into 
account. The logical state of the device indicated by a letter index 
H or L is normally referred to the output level, unless otherwise 
specified 

'I'a~ =operating ambient temperature, i.e. the temperature of the free air 
in which the normally operating device is placed without external heat 
conduction, unless otherwise specified 

Tstg =storage temperature, i.e. the temperature of the ambient medium in 
which the non-operating device is stored 

October 1969 3 
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VGLmax 

VGHmin 

= input voltage LOW at terminal G. With the specified level applied to 
the input of an inverting gate the output level will not be lower than 
the specified value VQHmin at given IQH• 

= input voltage HIGH at terminal G. With the specified level applied 

to the input of an inverting gate .the output level will not exceed the 
specified value VQI,m~ at given IQL. 

OVQ =change of output voltage caused by a specified change of output current 

ADDITIONAL SYMBOLS FOR MOS CIRCUITS 

2a. Terminal designations 

I =shift register input 
A =address input or decode matrix input 
~ =clock input 
WC =write control input 
D =data input 
CD =chip disable input 

Q =output 

C =chip inhibit input 

Po =common supply return and voltage reference 

Pl, P2, etc. =supply input 

3a. Subscript sequence for voltages 
First (with or without second) subscript: terminal designation 
Second or third subscript: H (HIGH) or L (LOW) if applicable 

5a. Time designations 

Details are described in the data sheets 

6a. Other designations 

ML = d.c. noise margin LOW (ML = Vinput L max - Voutput L max) 
MH = d.c. noise margin HIGH(MH = Voutput H min - Vinput H mini 
RQH =output resistance HIGH 
RQL =output resistance LOW 

Pav =average power consumption 
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linear circuits 

LETTER SYMBOLS 
FOR LINEAR INTEGRATED CIRCUITS 

General 

The voltages and currents are normally related to the terminals to which they are 
applied or at which they appear. Each terminal is indicated by a number. In appro-
priate cases voltages, currents etc. pertinent to one or more of the circuit elements 
(transistors,diodes)are given in which case symbols are based on the recommenda-
tions as published in I.E.C. Publication 148. 

Quantity symbols 

1. Instantaneous values of current, voltage and power, which vary with time are 
represented by the appropriate lower case letter. 

Examples: i, v, p 

2. Maximum (peak), average, d.c. and root -mean-square values are represented 
by the appropriate upper case letter. 

Examples: I, V, P 

Polarity of current and voltage 

A current is defined to be positive when its conventional direction of flow is into the 
device. 
A voltage is measured with respect to the reference terminal, which is indicated by 
the subscripts .Its polarity is defined to be positive when the potential is higher than 
that of the reference terminal. 

Subscripts

For currents the number behind the quantity symbol indicates the terminal carrying 
the current. 

r 

Examples: I2, i14 

For voltages normally two number subscripts are used, connected by a hyphen.The 
first number indicates the terminal at which the voltage is measured and the second 
subscript the reference terminal. 
Where there is no possibility of confusion the second subscript may be omitted. 

Examples: VZ_12, vl4_2, V5> v8 
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LETTER SYMBOLS 

linear circuits 

To distinguish between maximum (peak), average,d.c.androot-mean-square values 
the following subscripts are added: 

For maximum (peak) values M or m 
For average values AV or av 

For root -mean-square values: (RMS) or (rms) 
For d.c. values no additional subscripts 

The upper case subscripts indicate total values. 
The lower case subscripts indicate values of varying components: 

Examples: I2. I2AV~ I2(rms), I2(RMS) 

If in appropriate cases quantity symbols are pertinent to single elements of a circuit 
(transistors or diodes), the normal subscripts for semiconductor devices can be 
used. 

Examples: VCBO~ Vbe~ VCES~ IC 

VDSS> VGS~ ID 

List of subscripts: 

E, e = Emitter terminal 
B, b = Base terminal for bipolar transistors, 

Substrate for MOS devices 
C, c = Collector terminal 

D, d = Drain terminal 

G, g = Gate terminal 

S, s = Source terminal for MOS devices 

Substrate for bipolar transistor circuits 

(BR) = Break-down 
M, m = Maximum (peak) value 
AV, av = Average value 
(RMS), (rms) = R.M.S. value 

Electrical Parameter Symbols 

1. The values of four pole matrix parameters or other resistances, impedances, 

admittances, etc., inherent in the device, are represented by the lower case 

symbol with appropriate subscript. 

Examples: hi, zf~ Yoe kr 

Subscripts for Parameter Symbols . 

I. The static values of parameters are indicated by upper case subscripts. 

Examples; hFE, hI 

2. The small signal values of parameters are indicated by lower case subscripts. 

Examples: hi, zo

~~ 
R 

7 

r .~ 
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LETTER SYMBOLS 

linear circuits 

3. The first subscript, in matrix notation identifies the element of the four pole' 
matrix. 

i (for 11) = input 
o (for 22) = output 
f (for 21) = forward transfer 
r (for 12) = reverse transfer 

Examples: V1 =hi ll +hrV2

I2 =hfI l +hoV2

The voltage and current symbols in matrix notation are indicated by a single digit 
subscript. 
The subscript 1 =input; the subscript 2 =output. 
The voltages and currents in these equations may be complex quantities. 

4. A second subscript is used only for separate circuit elements (e.g. transistors) 
to identify the circuit configuration: 

e= 
b = 
c= 

common emitter 
common base 
common collector 

5. If it is necessary to distinguish between real and imaginary parts of the four pole 
parameters, the following notation may be used: 

Fe (hi) etc. ... for the real part 
Im (hi) etc. ... for the imaginary part 
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LETTER SYMBOLS 
linear circuits 

LIST OF LETTER SYMBOLS IN ALPHABETICAL ORDER 

Letter symbol Definition 

B 

bi. bo 

Cis Co 

CMMR 

d 

F 

f 

fc

fo

fm 

fT

gig go 

Gp

Gtr 

Gv 

hF~ hFB~ 

hf , hfb 

hFC~ 

hfc 

hFE 

hfe 

I3, IB, IC, IE, ID, IQ, IS 

i3, iB, iC, ig, iD, iG, iS

I3AV ~ IBAV ~ ICAV ~ IEAV 

I3M~ IBM' ICM~ IEM 

I3m~ Ibm° Icm ~ Iem 

ICBO 

ICS 

IDSS 

Bandwidth 

Input,respectively output susceptance 

Input, respectively output capacitance 

Common-mode rejection ratio 

Distortion 

Noise figure 

Frequency 

Cut-off frequency 

Centre frequency, intermediate frequency 

Modulation frequency 

Transition frequency 

Input,respectively output conductance 

Power gain 

Transducer gain 

Voltage gain 

DC current gain (output voltage held constant) 

Small signal current gain (output short-circuited to 
a.c.) 

Total d.c. current 

Instantaneous total value of the current 

Total average current 

Maximum (peak) value of the total current 

:~laxim~•.~. 'peak)value of the varying component of 
the currer.~ 

Collector cut-off current (open emitter) 

Collector-substrate leakage current 

Drain cut-off current (source short-circuited to 

gate) 
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LETTER SYMBOLS 
linear circuits 

Letter symbol Definition 

IEBO 

III Ii

Iio 

IO' Io 

lOM 

Io(P -P) 

Itot 

Kf

Ko

Kr

M 

Pi' Po 

Ptot 

Ri' Ro 

RL

RS 

Rth 

SVRR 

Tamb 

Tcase 

Tstg 

V3, V3-4• VBE~ VCB 

vBE> vCB v3~ v3-4 

VBEsat~ VCEsat 

V(BR)CBO' V(BR)CEO' 

V(BR)EBO 

V(BR)CS 

VCBO' VCEO' VEBO' VCS' 
V1-3 

Emitter cut-off current 

Input current of a specified circuit 

Input offset current 

Output current of a specified circuit 

Peak value of output current 

Peak to peak value of output current 

Total supply current 

Small signal voltage gain 

Output impedance (see K parameters) 

Reverse current transfer ratio 

Modulation depth 

Input, respectively output power of a specified 

circuit 

Total power dissipation in the device 

Input, respectively output resistance of a specified 
circuit 

Load resistance 

Source resistance 

Thermal resistance 

Supply voltage rejection ratio 

Ambient temperature 

Case temperature 

Storage temperature 

Total value of the voltage (d.c.) 

Instantaneous value of the total voltage 

Saturation voltage at specified bottoming conditions 

Breakdown voltage between the terminal of the first 
subscript and the reference terminal (second sub-
script) when the third terminal is open circuited 

Collector to substrate breakdown voltage 

Voltage of the terminal indicated with respect to 
the reference terminal (second subscript) 
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LETTER SYMBOLS 

linear circuits 

Letter symbol Definition 

Vi , Vo Input, respectively output voltageof aspecified cir-

cuit 

Vio Input offset voltage 

Vi lim Input voltage at which limiting starts 

VN Negative supply voltage 

VP Positive supply voltage 

Vn Noise voltage 

yi° yf> yo° yr Input, transfer, output and feedback admittance 

Zi , Zo Input,respectively output impedance 

n Efficiency 

~i~ ~f> ~o~ ~r Phase angle of input, transfer, output and feed-

back admittance 
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FC family 
standard temperature range 

FCE1101 to 211 
NAND gate s 

The FC family of DTL silicon monolithic integrated circuits has been designed for 

medium speed digital applications in computing, office electronics, telecommunica-

tion, instrumentation and industrial control. 

NAND GATES 

Single 8-input NAND gate 

Dual 4-input NAND gate 

Triple 3-3-2 -input NAND gate 

Triple 3-input NAND gate 

Quadruple 2 -input NAND gate 

Sextuple inverter 

non-Rc

FCH101 

FCH121 

FCH141 

FCH151 

FCH181 

FCH2O1 

Rc

FCHlll 

FCH131 

FCH161 

FCH171 

FCH191 

F CH211 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Average propagation delay time 
N = 6, Cv, = 60 pF, Tam = 25 oC 

Available d.c. fan out 
Tam = 0 to +75 ° C 

D.C. noise margin 
Tam = 25 oC 

Power consumption per gate 
50°jo duty cycle, Tam = 25 oC non-Rc gate 

Rc gate 

Vp 6.0 ± 5% V 

Tam 0 to+75 °C 

tpd typ. 30 ns 

Na 3 8 

M L, typ. 1.2 V 

Pav typ. 7 mW 

pav typ. 11 mW 

The FC family includes twelve NAND packages offering a wide selection of circuit 
configurations. It includes gate types with as we1.1 as without a collector resistor, 
ensuring optimum equipment design. 
The fan-in of the circuits can Basely be expanded by means of a diode array. 

The outputs of these gates may be interconnected to perform the AND-OR-NOT func-
tion. 

PACKAGE OUTLINE: 14 lead plastic dual in-line (type A). (See General Section) 
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FCH101 to 211 
NAND gates 

FCfamily 
standard temperature range 

2 G1 
3 G2 
4 G3 
5 G4 

G5 
0 Gg 

L a

11 Gy 

72 Gg 

6 E1 
13 E2 

7248900.2 

t 

FCH101 (non-R~) 
FCH111 (R~) 

9 G1 
to Gy 
tt 
12 

G3 

Gr, 
13 E1 
2 G5 
3 

4 
G6 
G~ 

s Ge 
6 E 

~7 1 

8 

'!248901: 

FCH121 (non-R~) 

FCH131 (R~) 

72469021 

FCH141 (non-R~) 

FCH161 (R~) 

.0 E2 Ge G~ G6 G5 n.c. 

FCH101 

Q G1 G2 G3 G4 E1 P 

]2550421 

]Z 55043.1 

RJ E 7 Gq G3 Gy G 7 D2

FCH121 

Q7 G5 G5 G~ G8 E2 P 

]255044, 

H E7 G4 G3 G2 G7 Q2 

FCH131 

Q 7 GS G6 G~ GB E2 P 

'/255045 

E G2 G7 Q2 GB Gy G6

FCH141 

E 4 7 G3 G4 GS Q3 P 

]255046 

] 255048 
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FCfamily 
standard temperature range 

FCH101 to211 
NAND gates 

t2 G 
73 

i 
G2 
G3 

s Gq 
4 

5 
G5 
G5 

e G~ 
9 

io 
Ge 

Gy 

a~ 

42 

7Z 48903 

2 

~i 

6 

FCH151 (non-R~) 
FCH171 (R~) 

FCH181 (non-R~) 
FCH191 (Re) 

7Z 489051 

FCH2O1 (non-R~) 
F CH211 (R~) 

Id G 2 G~ Q 2 Gy G B G~ 

FCH151 

G3 Q~ G4 GS G6 Q3 P 

9 zsso49 

ld G2 G~ Q2 Gy GB Gy 

FCH171 

G3 Q~ Gy GS G6 43 P 

9Z 55049 

R1 G i G 2 Q 3 G B Gy 

FCH181 

Q~ GS G6 Q4 G3 Gq

Q2 

P 

9255050 

9255051 

9Z 550s2 

92551II 
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FCH101 to 211 
NAND gates 

FC family 
standard temperature range 

CIRCUIT DIAGRAMS 

FCH101 ~~ 

G1

G3

G~ 

GS

G6

G~ 

Ga

E~ 

E1

FCH121 

FCH131 

FCHlll 
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FC family 
standard temperature range 

FCH101 to 211 
NAND gates 

CIRCUIT DIAGRAMS (continued) 

FCH141 

FCH151 

FCH161 

G~ 

Gz 

FCH171 
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FCH101 to 211 
NAND gates 

FC family 
standard temperature range 

DS 

D3• 11 
G~ • 

D~ 

R3 

7 

DB 

R4 

R~2 

TR2 

Dz

DS • 

Gg • 

D9 

t1 
11 
D10 

CIRCUIT DIAGRAMS (continued) 

FCH181 

D1 

FCH191 

01 

~, • I/ 
~ • I/ 

D2 

FCH2O1 

D1 

i 

DI 

D3 

R2 

R7 

 •P 

R~4 

D13 

D, • 11 
D8 • I/ 

D14 
D~ D15 ,_• D 

DI6 

~TR4 

R8 

•m 

D6
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FC family 
standard temperature range 

FCH101 to 211 
NAND gates i 

LOGIC FUNCTION 

1. Individual gate operation 
Function table Gi Gj Q 

G; 0 L X H 
Gj X L H 

7295196 
H H L 

Q = Gi G~ for positive logic 

2. Commoned gate operation 

G; 
Gj 

Gk
G~ 

Function table Gi Gj Gk Gl Q 

L X L X H 
L X X L H 
X L L X H 
X L X L H 
H H X X L 
X X H H L 

Q = (Gi. Gj) . (Gk. Gl) _ (Gi. Gj) + (Gk. Gl) for positive logic 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 

RATINGS (Limiting values) 1) 

Supply voltage Vp max. 8.0 V 
Output voltage VQ max. 8.0 V 
Input voltage VG max. 8.0 V 
Output current 2) -IQ max. 20 mA 
Input current 3) -IG max. 20 mA 
Voltage difference between any two inputs max. 8.0 V 
Expander input voltages 
with respect to supply Vp -V E max. 8.0 V 
with respect to other inputs VG-VE max. 8.0 V 

Expander input current IE max. 5.0 mA 
Storage temperature Tstg -55 to +125 oC 
Operating ambient temperature Tamb 0 to +75 °C 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) For negative output voltage. 
3) At this limit, input voltage type.: -1. 5 V. 
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FCH101 to 211 
NAND gates 

FC family 
standard temperature range 

SYSTEM DESIGN DATA (both non-Rc and Rc) 

Uniform system temperature 

Uniform system supply voltage 

Tam 

Vp 

0 to +75 

5. 7 to 6.3 

oC 

V 

Available d.c. fan out Na > 8 

D.C. noise margin ML, 
MH 

min. 
min. 

0.4 
1. 8 

V 
V 

Average propagation delay time tpd max. 75 ns 

Equivalentinput capacitance CG typ. 4 pF 

Equivalent output capacitance CQ typ. 10 pF 

Supply current per gate non-Rc Ipav typ. 1.20 mA 
(duty cycle 50°0) Rc Ipav typ. 1.75 mA 

Power dissipation at Tamb - 75 ° C non-Rc ptot max. 17.5 mW 
(each gate) Rc ptot max. 22 mW 

125 
t pdr 

(f15) 

100 

75 

50 

25 

0 
0 

100 
t pdf 
(f15) 

75 

50 

25 

7251463 

iiiiiiniiiiiiiiiiiiiiiiiii~~iiiiiiiiiiiiiiiiiiiii 
~~rrrrr~rrr~~~~rrrr~~~rrrrrr~~r~rr~rrrrrrrrr~rrrr~ 
~~~ tYPical values i~~~~~i~~~ii~i~~iiii~~~~~~~~i~i~iiii
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr~~ 
r~rrrrrrrrr~rrrrrrrrrrrrr~rr~~rrr~~r~rrrrrr~e~.rri rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr~rrrrrr■::rrrrrrr 
~rrrrrrrrrrrrrrrrrrrrrrrr~~~r~~rrrrr~!~.rrrrrrrrrr

~:rrrrrrrrrrrrr~ 
rrr~~~~r~r~r~~~~\\~~~~~rrrrrrr.;:rrrrrrr~~r~~~rrrr rrrrrrrrrrrrrrrr~rrrr~rrrrr!zrrrrrrrrrrrrrrrrrrrr~
rrrrrrrrrrrrrrrrrrrrrrr~%: rrrrr■rrrrrrrr~rrrrr~s:rrrrrrrrrrrrrrrrrrrrrrrr©~
rrrrrrrrrrrrrrrrr~s: _ ~~rrrrrrr■rrrr~s:rrrrrrrrrrrrrrrrrrrr~■~~=~..~rrri 
rrr~~rr~~rr~z.rrrrrrrrrrrrrrrr~~~--:.rrrrrrrrrr~~ rrrrr\rr~:~rrrrrrrrrrrr~~.=~.■rrrrirrrrrrrr~~..__-
rrrrr.:~rrrrrrrr~~~=~.~rrrrrr~~~~~__-~:..~~rrrrrri --.rrri■.~_--~ ~~~~~~_~~~~:a.-~.■r~rriii~rr~rrrrrrr~rrrrrrrrrrrr~ ~~~~~:.■rrrriiGrr~r■rr~rr~rr~r~rrrrr~rrrrrr ■r~r~~ 
®iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

10 20 30 40 50 60 70 80 C w (pF) 100 

7251464 

r~~~~~rrrrrrr~=~rrrrrr~~r~~~~~rrrrrrrrrrrrrrrrrrrr 
iii tYPical values ~~~~~~~~~~~i~~~~~~~~~~~~~~~~~~~~~~~~ 
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrwrrr rrrrrrrrr~rrrrrr~rrrrrrrrrrrrrrrrrr~~rrr~r~rr~~~rr 
r~i~~~~rrrrrrrr~~~~~rrrrrrrrrrrrrrrrrrrrrr~~~rrrr~ rrrrrrrrrrr~rrr~rrr■■~r~~~rrrr~rrrrrrrrrrrrrrrrrrr 

0 
0 

%~~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii:::~__--.rrrr~~rrrrrrrrrrrrrrrrrrr~~~~■■~___..■~~rrrrrrrrri rrrr~rrrrr~r~~r~~~~~~~-.c..■rr~~~~~~~~r~~~rr~~~rrr
---. 

rrrrr-=~.~rrriiirrrrrrrrr~~rrrrrrrrrrrrrrrrrr~rrrr 
rrrrrrrrr'rrrrrrrrrrrrrrrrr\rrrrrrrrrrrrrrrrrrrrrr 
® rrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr ■rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr~ 

N=1to8 

10 20 30 40 50 60 70 80 C W (pF) 100 
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1=C family 
standard temperature range 

FCH101 to 211 
NAND gates 

CHARACTERISTICS of non-Rc gates 

Tamb ~oC) 

0 +25 +75 

Conditions and 
references 

Vp 

CV ) 

STATIC DATA 

5.7 
Output voltage LOW VQLmax 0.4 0.4 0.4 V and 

6.3 

at: 1 16.0 15.1 14.2 mA 5.7 

Output current LOW QLmax 18.0 17.0 16.0 mA 6.3 

and at: 
5.7 

Input voltage HIGH VGHmin 2.3 2.2 2. 1 V and 
6.3 

1.75 1.65 1.55 mA 5.7 VG = 0.4 V; other 
Input current LOW -IGLmax 2.0 1. 9 1.8 mA 6.3 inputs floating 

Input current HIGH IGHmax 1.0 1.0 25 µA 5.7 
VG = 5.3 V 
other inputs 0 V 

5.7 

Output current HIGH IQHmax 70 70 70 µA and VQ = 5.3 V 
6.3 

5.7 
at: 

Input voltage LOW 
V GLmax 1.0 1.0 0.8 V and 

6.3 

Supply current 1) Ipmax 2.0 1. 9 1.8 mA 6.3 G inputs LOW 

DYNAMIC DATA 

tpdrmax - 85 - ns 6.0 Vpd = 1.5 V 

Rise propagation N = 1; CL = 40 pF 
delay time tpdrmax - 70 - ns 6.0 Vpd = 1.5 V 

N = 6; CL, = 60 pF 

tpdfmax - 65 - ns 6.0 Vpd = 1.5 V 
Fall propagation N = 1; C L = 40 pF 

delay time tpdfmax - 85 - ns 6.0 Vpd = 1. 5 V 
N = 6; CL = 60 pF 

1) per gate 

r -
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FCH101 to 211 
NAND gates 

FC family 
standard temperature range 

~. 

CHARACTERISTICS of Rc -gate s 

Tamb (oC)

0 +25 +75 

Conditions and 
references 

Vp 

~) 

STATIC DATA 

5.7 
Output voltage LOW VQLmax 0.4 0.4 0.4 V and 

6.3 

at: 14.0 13.2 12.4 mA 5.7 
Output current LOW 

1 
QLmax 16.0 15.2 14.4 mA 6.3 

and at: 
5.7 

Input voltage HIGH VGHmin 2.3 2.2 2. 1 V and 
6.3 

Output voltage HIGH VQHmin 
5.3 
4.1 

5.3 
4.1 

5.3 
3.9 

V 
V 

5.7 
5.7 

IQ = 0 
IQ -200 µA 

5.7 
at: 

Input voltage LOW 
V GLmax 1.0 1.0 0.8 V and 

6.3 

Input current LOW -IGLmax 
1.75 
2.0 

1.65 
1.9 

1.55 
1.8 

mA 
mA 

5.7 
6.3 

1 VG = 0.4 V; other 
Jinputs floating 

Input current HIGH IGHmax 1.0 1.0 25 µA 5.7 
VG = 5.3 V 
other inputs 0 V 

VG =VQLmax 
Output current LOW 
(AND-OR-NOT function) 

I QLLmaX 2.2 2.1 2.0 mA 6.3 Output forced LOW 
externally to 
VQ = 0.4 V 

Supply current Ipmax 4.2 3.8 3.6 mA 6.3 G inputs HIGH 

DYNAMIC DATA 

tpdrmax - 85 - ns 6.0 Vpd = 1. 5 V 

Rise propagation N = 1; CL = 40 pF 

delay time tpdrmax - 70 - ns 6.0 V d = 1. 5 V 
Np= 6; CL = 60 pF 

tpdfmax - 65 - ns 6.0 Vpd = 1. 5 V 
FalLpropagation N = 1; CL = 40 pF 

delay time tpdfmax - 85 - ns 6.0 Vpd = 1.5 V 
N=6;CL,= 60pF 
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FC family 
standard temperature range 

FCH101 to 211 
NAND gates 

CHARACTERISTICS (continued) 

DYNAMIC DATA 
15ns 

6V 

OV 

diodes FCY101 

diodes Ft'Y101 

15ns 

rt»~w 

for non-Rc gates 

Waveforms and loading circuits, illustrating measurement of tpdr and tpdf' 

Equivalent load for N = 1 and CL = 40 pF when R = 4 kS2 

N=6andC1,=60pFwhenR=67052 

1) Including probe and jig capacitance. 

r -
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n.c. n.c. Qi G~ Gp P 
0 © © ~ © 0 ~ 

FC family 
standard temperature range 

FCH221 
dual line driver 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

DUAL 3-INPUT LINE DRIVER NAND GATE 

©m m m m o n 
G5 G4 n.c. P! n.c. Qy G6

FCH221 

QUICK REIa ERENCE DATA 

G3 

]ZSSOUZ.t 

Supply voltage 

Operating ambient temperature range 

Average propagation delay time 

Vp 

Tamb 

6.0 f 5% V 

0 to+75 °C 

N= 15, Cv, = 250 pF, Tamb = 25 oC tpd typ. 35 ns 

Available d.c. fan -out 

Tamb = 0 to +75 ° C Na ~ 14 

D.C. noise margin 
Tam = 25 °C ML typ. 1.2 V 

Power consumption per gate 
50~ duty cycle, Tamb = 25 °C Pav typ. 11 mW 

The FCH221 comprises two independent NAND gates incorporating bi-directional 
output circuitry for achieving high fan-out and for driving large capacitive loads. 
Typical applications are in parallel setting of registers, shift pulse driving and 
driving of long lines . 

PACKAGE OUTLINE.; 14 lead plastic dual in-line (type A). (See General Secti°n) 

~~ 
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FCH221 
dual line driver 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 

LOGIC FUNCTION 

G1 G2 G3 Q1 
G4 G5 G6 Q2 

L X X H 
X L X H 
X X L H 
H H H L 

Q1 = G1 G2 . G3 
for positive logic 

Q2 = G4 . G5 . G6 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 

RATINGS (Limiting values) 1) 

Supply voltage Vp 

Output voltage VQ

Input voltage VG

Output current 2) -IQ 

Input current 3) -IG 

Voltage difference between any two inputs 

Storage temperature Tstg 

Operating ambient temperature Tam

Output short-circuit duration; duty cycle 10~ 
(either output, or both) tQsc 

max. 8.0 

max. 8.0 

max. 8.0 

max. 20 

max. 20 

max. 8.0 

-55 to +125 

0 to +75 

V 

V 

V 

mA 

mA 

V 

oC 

oC 

max. 60 ms 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) For negative output voltage in LOW state 

3) At this limit input voltage typ.: -1.5V. 
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FC family 
standard temperature range 

FCH221 
deal line driver 

c 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

D.C. noise margin 

Average propagation delay time 

Equivalent input capacitance 

Tam

Vp 

Na

M L
Mi l

tpd

CG

0 to +75 oC 

5.7 to 6.3 V 

~ 14 

min. 0.4 V 
min. 1.1 V 

max. 113 ns 

typ. 7 pF 

Supply current (duty cycle 50 ~ ) 1) 
1Pav tYP • 3.6 mA 

Power dissipation at Tam = 75 ° C 1) Ptot max. 65 mW 

1) Both gates together; outputs not short-circuited. 
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FCH221 
dual line driver 

FC family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb (° C) 

+25 +75 

Conditions and 
references 

Vp 

(~~ ) 

STATIC DATA 
5.7 

Output voltage LOW VGLmax 0.4 0.4 0.4 V and 
6.3 

at: 
25 27 26 mA 5.7 

Output current LOW IQLmax 28 27 26 mA 6.3 

and at: 5.7 

Input voltage HIGH VGHmin 2.3 2.2 2.1 V and 

6.3 

Output voltage HIGH V Hmin G 

3.4 
2.2 

3.6 
2.5 

3.9 
2.9 

V 
V 

5.7 
5.7 

IQ -30 µA 

IQ = -5 mA 

at: 5.7 

Input voltage LOW VGLmax 1 .0 1 .0 0.8 V and 
6.3 

Input current LOW -IGLmax 
1 .75 
2.0 

1 .65 
1.9 

1 .55 
1.8 

mA 
mA 

5.7 
6.3 

VG = 0.4 V; other 
inputs floating 

Input current HIGH IGHmax 1 .0 1 .0 25 µA 5.7 VG = VGHmin 
other inputs 0 V 

Output short circuit 

current 

-I(Zsc 16.5 19.5 18.0 mA 5.7 VG =VGLmax 
VG = 0 V 

Supply current 
(both gates together) 

Ipmax - 7.5 - mA 6.3 G inputs HIGH 

DYNAMIC DATA 

Rise propagation 

delay time 
tpdr max 130 105 130 ns 6.0 V pd = 1 .5 V 

N = 15; CL = 250 pF 

Fall propagation 
delay time 

tpdfmax 95 80 95 ns 6.0 Vpd = 1.5 V 
N = 15; CL = 250 pF 

4 October 1968 



FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

i5ns 

spa 

diodes FCY101 

15ns 

dual line driver 

G INPUT 

tpe, 

Q OUTPUT 

Equivalent load for N = 15 and CL 1) = 250 pF 

Waveforms and loading circuit illustrating measurement of tpdr and tpdf• 

1) Including probe and jig capacitance. 

November 1970 
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FC family 
standard temperature range 

FCH231 
dual line driver 

The FC family of DTL silicon monolithic integrated circuits has been designed for 

medium speed digital applications in computing, office electronics, telecommuni-

cation, instrumentation and industrial control. 

DUAL 4-INPUT LINE DRIVER NAND GATE 

2 G~ 
3 Gz 
4 G3 
5 Gp 
6 E~ 
iz GS 
~~ G6 
~o G~ 
9 GB 
B Ez 

a 13 

az~eso~? 

Al Qz Gg G5 Gy GB Ez 

FCH231 

Q~ G~ Gz G3 Ga E~ P 

~zssoaa 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Average propagation delay time 

Vp 

Tamb 

6.0 + 5~~ 

0 to + ; 5 

V 

°C 

N = 20, Cµ, = 250 pF, Tamb = 25 °C tpd typ. 35 ns 

Available d.c. fan-out 

Tamb = 0 to +75 ° C Na ~ 20 

D.C. noise margin 

Tamb = 25 oC ML typ. 1.2 V 

Power consumption per gate 
50~ duty cycle, Tamb = 25 °C Pav typ. 11 mW 

The FCH231 comprises two independent NAND gates incorporating bi-directional 

output circuitry for achieving very high fan-out and for driving large capacitive 

loads. Typical applications are in parallel setting of registers, shift pulse driving 

and driving of long lines . 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A).(See General Section) 

November 1970 



FCH231 
dual line driver 

FC family 
standard temperature range 

~~ 

..~ 

CIRCUIT DIAGRAM 

LOGIC FUNCTION 

G1

G~ 

GZ 

G6 

G3 

G7 

G4

GS 

Ql

Q2 

L X X X H 
X L X X H 

X X L X H 

X X X L H 
H H H H L 

Q1=Gl GZ G3 G4. 
El' 

QZ =G5 .G6.G~ GB . 

* When provided with diode 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 

for positive 

logic 

2 September 1968 



FC family 
standard temperature range 

FCiH231 
dual line driver 

RATINGS (Limiting values) 1) 

Supply voltage Vp max. 8.0 V 

Output voltage UQ max. 8.0 V 

Input voltage VG max. 8.0 V 

Output current 2) -IQ max. 20 mA 

Input current 3) -IG max. 20 mA 

Voltage difference between any two inputs max. 8.0 V 

Expander input voltages 
with respect to supply Vp - VE max. 8.0 V 
with respect to other inputs VC -Vg max. 8.0 V 

Expander input current IE max. 5.0 mA 

Storage temperature Tstg -55 to +125 ° C 

Operating ambient temperature Tamb 0 to +75 °C 

Output short-circuit duration; duty cycly 10% 

(either output, or both) 
tQsc max. 60 ms 

SYSTEM DESIGN DATA 

Uniform system temperature Tamb 0 to +75 ° C 

Uniform system supply voltage Vp 5.7 to 6.3 V 

Available d. c. fan out Na 20 

ll.C. noise margin 
ML min. 0.4 V 

MH min. 1.2 V 

Average propagation delay time tpd max. 113 ns 

Equivalent input capacitance CC ryp. 7 pF 

Supply current (duty cycle 50 ~) 4) Ipav ryp. 3.6 mA 

Power dissipation at Tamb - 75 °C 4) ptot max. 73 mW 

1) Limiting values according to the Absolute Maximum System as defined in IEC 

publication 134. 
2) For negative output voltage in LOW state. 
3) At this limit, input voltage ryp. -1.5 V . 

4) Both gates together; outputs not short-circuited. 

September 1968 ii ~ 



FCH231 
dual line driver 

FC family 
standard temperature range 

CHARACTERISTICS 

Tamb (oC) 

0 +25 +75 

Conditions and 
references 

V 

(V ) 

STATIC DATA 

5.7 
Output voltage LOW VQLmax 0.4 0.4 0.4 V and 

6.3 

at: 35 33 31 mA 5.7 
Output current LOW 

1 
QLmax 40 38 36 mA 6.3 

and at: 
5.7 

Input voltage HIGH VGHmin 2.3 2.2 2.1 V and 
6.3 

Output voltage'HIGH V llmin Q 
3.5 3.7 4.0 V 
2.6 2.8 2.9 V 

5.7 
5.7 

IQ -30 µA 
IQ - -5 mA 

5.7 
at: 

Input voltage LOW 
V GLmax 1.0 1.0 0.8 V and 

6.3 

Input current LOW -1GLmax 
1.75 1.65 1.55 mA 
2.0 1.9 1.8 mA 

5.7 
6.3 

l VG = 0.4V; other 

J inputs floating 

Input current HIGH IGHmax 1.0 1.0 25 µA 5.7 
otGher inpu 

s 0 V 

Output short circuit 
- IQscmin 16.5 19.5 18.0 mA 5.7 VG - VGLmax 

current VQ = 0 V 

Supply current 
(both gates together) 

Ipman - 7. 5 - mA 6.3 G inputs HIGH 

DYNAMIC DATA 

Rise propagation 
delay time 

tpdrmax 80 85 120 ns 6.0 Vpd = 1.5 V 
N = 20; CL = 250 pF 

Fall propagation 
delay time 

tpdfmax 55 50 55 ns 6.0 Vpd = 1. S V 
N = 20; CL = 250 pF 

4 November 1974 



FC family 
standard temperature range 

FCH231 
dual line driver 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

15ns 

diodes FCY101 

ISns 

G INPUT 

Q OUTPUT 

Equivalent load for N = 20 and CL 1) = 250 pF 

Waveforms and loading circuit illustrating measurement of tpdr and tpdf 

1) Including probe and jig capacitance. 

November 1970 5 





FC family 
standard temperature range 

FCH281 
comparator 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

SINGLE 5-BIT COMPARATOR 

iz~ee+e.~ 

mmmmmon 
GS :~ Goo Gs Ge G~ Gs 

FCH 281 

Q G» G~ Gy G3 G4 P 
0 © © © © 0 ~ 

~zssoor 

QUICK REFERENCE DATA 

Supply voltage Vp 6.0 ~ 5~ V 

Operating ambient temperature range Tamb 0 to +75 oC 

Average propagation delay time 
N = 6, Cµ, = 60 pF, Tamb = 25 °C ipd typ. 150 ns 

Available d.c. fan-out 

Tamb = 0 to +75 ° C Na 8 

D.C. noise margin 

Tamb = 25 oC ML typ. 1.2 V 

Power consumption 
50% duty cycle, Tamb = 25 oC Pav typ. 50 ii~W 

The FCH281 comprises five exclusive -OR functions, an OR gate, and an .~\D gate. 

If on one or more pairs (Gi-G2, --- Gq-Gip) one input is LOW and the other HIGH 

then the output will be HIGH provided Gil is HIGH. Otherwise the output will be 

LOW . 

PACKAGE OUTLINE : 14 lead plastic dual in -line (type A). (See General Section) 

November 1970 



FCH281 
comparator 

lFC family 
standard temperature range 

CIRCUIT DIAGRAM 

r 

Gz G3
~--~ ~—  r~ A —~ 

G~ 

 ~B 

Gy 
r 

G 
A ~y 

 I 

' Rfi R11' 

O6 
TR6 TR6 

D6 

'RIO 

_- _ J block A 

FUNCTION TABLE 

D1 

TR' 

R2 

R3 

G~~ 
D2 R4 

D3 

D6 

1~ 
R6 

TR2 TR3 

RS 

R7 

 •P 

TRG 

G1 G? G3 G4 G5 G6 G7 G8 G9 G10 G11 Q 

Equal Equal Equal Equal Equal H L 

Unequal X X X X H H 
X Unequal X X X H H 
X X Unequal X X H H 
X X X Unequal X H H 
X X X X Unequal H H 
X X X X X L L 

Gl GZ 

L L Equal 

L H Unequal 
H L Unequal 
H H Equal 

H =HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X =state is immaterial 

2 December 1969 



FC family 
standard temperature range 

LOGIC FUNCTION (continued) 

FCH281 
comparator 

Q = [G l  G2 + Gl G2) + (G3 G4 + G3 G4) + (G5 G6 + G5 G6) + 

~ + (G G + G G) + (G G + G G p)] G 7 8 7 8 9 10 9 1 11• 

f 
RATINGS Limiting valuesinaccordancewiththeAbsoluteMaximumSystem(IEC134) 

9 

r 

I~ 

Supply voltage 

Output voltage 

Input voltage 

Output current 

Input current 

Voltage difference between any two inputs 

Storage temperature 

Operating ambient temperature 

1) For negative output voltage. 
2) At this limit input voltage typ. : -1.5V. 

Vp max. 8.0 V 

VQ max. 8.0 V 

VG max. 8.0 V 

-IQ max 20 mAl ) . 

-IG max . 20 mA2) 

max. 8.0 V 

Ts tg -55 to +125 oC 

Tamb 0 to +75 oC 

December 1969 



FCH281 
comparator 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature Tamb 0 to +75 oC 

Uniform system supply voltage Vp 5.7 to 6.3 V 

Available d.c. fan out Na ~ 8 

D.C. noise margin ML min. 0.4 V 

Mll min. 1.5 V 

Average propagation delay time tpd max. 250 ns 

Equivalent input capacitance CG typ. 4 pF 

Supply current (duty cycle 50~~ Ipav typ. 10 mA 

Power dissipation at Tamb ` 75 °C Ptot max. 90 mW 

4 December 1969 



FC family 
standard temperature range 

FCH281 
comparator 

CHARACTERISTICS 

Tamb (°C) 

0 +25 +75 

Conditions and 
references 

Vp 
(V) 

STATIC DATA 
5.7 

Output voltage LOW VQLmax 0,4 0.4 0.4 V and 
6.3 see note 1 

at: 14,0 13.2 12.4 mA 5.7 
Output current LOW 

I 
QLmax 16.0 15.2 14.4 mA 6.3 

5.7 
Output voltage HIGH VQHmin 5.3 5,3 5.3 V and IQ = 0(seenote 1) 

6.3 

VQHmin 4.7 4.7 4.5 V 5,7 IQ = -200 µA 

5.7 
Input voltage LOW VGLmax 1 .0 1.0 0.8 V and 

6.3 

5.7 
Input voltage HIGH VGHinin 3.0 2.8 2.5 V and 

6.3 

Input current LOW - IG1 to 10 Lmax 1.75 1,65 1.55 mA 5,7 VG1 to 10 = 0.4 V 

- IGl to 10 Lmax 2,0 1.9 1.8 mA 6.3 VGl to 10 = 0..4 V 

- IGlI Lmax 1.2 1.1 1,05 mA 5.7 VGIl = 0.4 V 

- IGIl Lmax 1.35 1.25 1.20 mA 6.3 VGlI = 0.4 V 

Input current HIGH IGHmax I,0 1,0 25 µA 5.7 VG = 5.3 V 
other inputs 0 V 

Supply current Ipmax 15 , 3 14.5 13.5 mA 6.3 G inputs LOW 

Note 1 

For the proper combination of inputs to be HIGH or LOW see function table on page 2. 

December 1969 5 



FCH281 FC family 
comparator standard temperature range 

CHARACTERISTICS (continued) 

Tamb (
° C 

) 

0 +2~ +75 

Conditions and references 

~̀P) Fig. 

DYNAMIC DATA 

tpdrmax 

tpdfmax 

tpdrmax 

tpdfmax 

tpdrmax 

tpdfmax 

- 200 - ns 

- 200 - ns 

- 250 - ns 

- 100 - ns 

- 120 - ns 

6.0 

6.0 

6.0 

6.0 

6.0 

Vpd = 1. 5 V; N = 6 
CL, = 80 pF 
all other inputs 
(including G11) 
at VG = 5.3 V 

V pd = L ~ V; N = 6 

CL = 80 pF 
all other inputs 
(excluding G11) 
at VG = 0.4 V 

VG11 
= 5.3 V 

Vpd = 1. ~ V; N = 6 

CL = SO pF 
VG1 = 0 V 
all other inputs at 
VG = 6.0 V 

1; 2 

1; 3 

1; 3 

Propagation delay 

times from one G 
(G 1 to G 10) to Q 

Rise propagation 
delay time 

Fall propagation 

delay time 

Rise propagation 

delay time 

Fall propagation 
delay time 

Propagation delay 

times from G11 to Q 

Rise propagation 

delay time 

Fall propagation 
delay time 

6 December 1969 



FC family 
standard temperature range 

FCH281 
comparator 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

P 
pulse 

generator 

G~ 

Gz 
'— Gq 

~ Ga 
'— GS

'—' Gs FCH281 Q 

~ Gy 

~ Ge 
~-- Gq

O ~" Goo 
G~~ B' 

O 

O O 
t6V +5 3V 

a 

bO 52 
a 

O 
+0.4V 

i 

Fig. l Equivalent load for N = 6; CL, 1) = 80 pF 

6V 

Vp 

OV 

d 

15ns 15ns 
y 

soon 

~♦ • ~~ /~ 

100pF 6kII 

7295477 

diodes FCY101 

15ns 15ns 

 Q ~P-

6V 

Og 

ipdf ipdr —~ tpdf ♦-

7255476 

Fig.3 Switch Sl in position a 
Switch S2 in position b 

or 
Switch Sl in position b 

Waveforms illustrating measurement of tpdr and tpdf• Switch S2 immaterial 
1) Including probe and jig capacitance. 

~ •—

tPdr 72954!9 

Fig.2 Switch S1 in position a 
Switch S2 in position a 

November 1970 7 





FC family 
standard temperature range 

FCH291 
parity checker 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

5 

6 

a 
9 

3 

4 

10 

11 

12 

3 

2 

SINGLE ~0-BIT PARITY CHECKER 

Gz~~ 

G~)D  )D—

~6)D 
GB~~ 

G90/ lam/ 
G~, 

1D
0 1 k! G10 G5 Ge G~ G4 Ga 

FCH291 

Q Gn G5 G6 G1 G2 P 

'lZ55005 

QUICK REFERENCE DATA 

Supply voltage 
Operating ambient temperature range 
Average propagation delay time 

Vp 

Tamb 

6.0 t, 5~ 
0 to +75 

V 
°C 

N = 6, Cw = 60 pF, Tamb = 25 oC tpd typ. 150 ns 
Available d.c. fan-out 

Tamb = 0 to +75 oC ~~a 7 
D.C. noise margin 

Tamb - 25 oC ML typ. 1.2 V 
Power consumption 

50% duty cycle, Tamb - 25 °C Pav typ. 110 mW 

The FCH291 comprises nine exclusive-OR functions followed by an A\D gate. It an 
odd number of inputs (G i  to Gi0) are IIIGH the output will be HIGH, provided Gi l  is 
HIGH. If an even number of inputs (G i  to G10) are HIGH the output will be LOW, 

providedGii is HIGH. IfGii is LOW the output will be LOW regardless the condition 
of other inputs. 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A). (See General Section) 

~~ 

November 1970 1 



FCH291 
parity checker 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 

Q 

CI 

u 

Q 

V 

3 v+ 
O O O 

~ o 

m 

U'~ 

Q 

m 

a7 

Q 

V 

m 

Q 

U 

U 

0] 

n 

Q 

O 
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FC family 
standard temperature range 

FCH291 
parity checker 

e 

FUNCTION TABLE 

G1 G2 G3 G4 G5 G6 G~ Gg Gy G10 Gll Q 

X 

Even number of inputs HIGH 
Odd number of inputs HIGH 

X X X X X X X X X 

H 
H 

L 

L 
H 

L 

H =HIGH state (the more positive voltage) 

L =LOW state (the less positive voltage) 
X =state is immaterial 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Supply voltage 

Output voltage 

Input voltage 

Output current 

Input current 

Voltage difference between any two inputs 

Storage temperature 

Operating ambient temperature 

1) For negative output voltage. 
2) At this limit input voltage typ.: -1,5 V, 

VP

VQ

VG

-IQ

-IG 

Tstg 

Tamb 

max. 8.0 V 

max. 8,0 V 

max. 8.0 V 

max, 20 mAI ) 

max, 20 mA2) 

max. 8,0 V 

-55 to + 125 oC 

0 to +75 °C 

December 1969 3 



FCH291 
parity checker 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Tam 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

Available d.c. fan -out Na ~ 7 

D.C. noise margin ML, min. 0.4 V 
Mll min. 0.8 V 

Average propagation delay time tpd max. 250 ns 

Equivalent input capacitance CG typ. 4 pF 

Supply current (duty cycle 50~) IPav typ. 21 mA 

Power dissipation at Tam  _ +75 °C Ptot max. 190 mW 

4 December 1969 



FC family 
standard temperature range 

FCH291 
parity checker 

v 

CHARACTERISTICS 

0 

Tamb (°C) 

+25 +75 

Conditions and 
references 

Vp 

(V) 

STATIC DATA 
J.7 

Output voltage LOW VQLmax 0.4 0,4 0,4 V and 
6.3 see note 1 

at: 14.0 13.2 12.4 mA 5.7 
Output current LOW IQLmax 16.0 15.2 14.4 mA 6.3 

J,7 
Output voltage HIGH VQHmin 5.3 5 , 3 5, 3 V and IQ = 0 (see note 1) 

6.3 

VQHmin 4,7 4,7 4,5 V 5.7 IQ = -200µA 

5,7 

Input voltage LOW VGLmax 1,0 1.0 0,8 V and 
6.3 

5.7 
Input voltage HIGH VQHmin 3,8 3,8 3.4 V and 

6.3 

Input current LOW - IGl to 10 Lmax 1, 75 1,65 I , JJ mA 5.7 VG1 to 10 = 0, 4 V 
2,0 1,9 1,8 mA 6.3 VG1 to 10 = 0,4 V 

- IGllmax 1,9 1,8 1,7 mA 5,7 VG11 = 0,4 V 
2, 1 2,0 1.9 mA 6,3 VGll - 0.4 V 

Input current HIGH IGHmax 1,0 1,0 25 µA 5,7 VG = 5,3 V 
other inputs 0 V 

Supply current Ipmax 32,0 30.5 28,0 mA 6.3 G inputs LOW 

Note 1 

For the proper combination of inputs to be HIGH or LOW see function table on page 2. 

~~ 

December 1969 



FCH291 
parity checker 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

Tamb (° C) 

0 +25 +75 

Conditions and references 

~) Fig. 

DYNAMIC DATA 

tpdrmax 

tpdfmax 

tpdrmax. 

tpdfmax 

tpdrmax 

tpdfmax 

- 200 - ns 

- 200 - ns 

- 250 - ns 

- 100 - ns 

- 120 - ns 

6.0 

6.0 

6.0 

6.0 

6.0 

Vpd = 1.5 V; N = 6 
CL = 100 pF 
all other inputs 
(including G11) 
at VG = 5.3 V 

Vpd = 1.5 V; N = 6 
Cl, = 100 pF 
all other inputs 
(excluding G11) 
at VG = 0.4 V 

VC11 = 5.3 V 

Vpd = 1.5 V; N = 6 
CL = 100 pF 
VG1=0V 
all other inputs at 
VG = 6.0 V 

l; 2 

1; 3 

1;3 

Propagation delay 
times from one G 
(G1 to G10) to Q 

Rise propagation 
delay time 

Fall propagation 
delay time 

Rise propagation 
delay time 

Fall propagation 
delay time 

Propagation delay 

times from Gll to Q 

Rise propagation 
delay time 

Fall propagation 
delay time 

6 December 1969 



FC family 
standard temperature range 

FCH291 
parity checker 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

pulse 
generator 

a 

S2 

G~ 
P 

— GZ
~_ G3 

~ C'4 

~ G5 
~— G6 FCH291 D 

~-- G~ 

'— Gg 

~-- Gy 

'— Goo 
  G~~ 

~/ 

670 R 

100pF 6kII 

O O O 
+6V +5 3V +0.4V 

Fig. 1 Equivalent load for N = 6; C L 1) = 100 pF 

15ns 15ns 

Fig.2 Switch S2 in position a 

Switch Sl in position a 

Waveforms illustrating measurement 

INPUT 

OUTPUT 

of tpdr and tpdf• 
1) Including probe and jig capacitance. 

'1255498 

diodes FCY101 

15ns 

8V 

ov 

 Q VP -

6V 

15ns 

 Og 

Fig. 3 Switch Sl in position a 
Switch S2 in position b 

or 

Switch S1 in position b 
Switch S2 immaterial 

November 1970 7 





preliminary FC family 
standard temperature range 

FCH301 
decoder  i 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

7 

SINGLE 4—BIT DECODER 

G~ 

6 2 

decoder 
10 G3 

9 G4

°o

0 oZ
a 12 

O 
O  ~4

O  QS

~ ab

~3 

13 
14 

Oa
O e

a, 

15 
1 
z 
3 

Dg 
4 
5 

JZ 489201 

J 255018 

PACKAGE OUTLINE 
16 lead plastic dual in-line (type A) 
(See General Section) 

QUICK REFERENCE DATA 

Supply voltage Vp 6.0 ± 5% V 

Operating ambient temperature range Tamb 0 to +75 oC 

Average propagation delay time 
N = 1, Cw = 40 pF, Tam = 25 oC tpd 6 100 ns 

Available d. c. fan out 
Tam = 0 to +75 ° C Na ~ 9 

D.C. noise margin 
Tam = 25 oC M L ~ 0.6 V 

Power consumption 
50% duty cycle, Tam = 25 oC Pav typ. 250 mW 

The FCH301 is a fast binary (8-4-2-1) to decimal decoder formed by 18gatefunc-
tions. All outputs except the decoded one stay HIGH. If the input does not conform 
to the 8-4-2-1 code, all outputs remain HIGH. 

January 1971 1 



FCH301 
decoder 

FC family 
standard temperature range 

preliminary 

CIRCUIT DIAGRAMS 

a• 

Gz~—

G~~-

TR4 TRS TRfi TR7 R7 

RS 

TRB 

6 

a 

$I 

Xe I ~ o 

P 

~$ IX 

I

A 

XI IP 

B Qz 

 l 
RB 

TR9 

$I 
XI IP 

B ~ Q3 

$~ 

XI IP 

block B 

B r Q~ 

$I 
XI IP 

B ~ ~5 

$1 

X~ IP 

B ~ ob

$I 
XI IP 

B OT

$I 
XI IP 

B ~ L)g 

$I 
XI IP 

B ~ Qg 

$I 
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preliminary FC family 
standard temperature range 

FCH301 
decoder 

FUNCTION TABLE 

G4 G3 G2 G 1 QO Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 

H L L L 

H L L H 
H L H L 
H L H H 

H H L L 

H H L H 

H H H L 
H H H H 

L H H H H H H H H H 
H L H H H H H H H H 
H H L H H H H H H H 
H H H L H H H H H H 
H H H H L H H H H H 
H H H H H L H H H H 
H H H H H H L H H H 
H H H H H H H L H H 
H H H H H H H H L H 
H H H H H H H H H L 
H H H H H H H H H H 

H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 

LOGIC FUNCTIONS 

QO = GI G2 . G3 . G4 Q5 = G1 G2 . Gg . G4 

Ql = Gl GZ . G3 . G4 Q6 = G1 G2 . G3 . G4 

Q2 = GI G2 . G3 . G4 Q7 = Gl G2 Gg . Gg 

Q3 = G1 G2 . Gg G4 Q8 = G1 G2 . G3 G4 

Q4 = Gl G2 . G3 . G4 Q9 = GI G2 G3 . G4 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC13-1) 

Supply voltage at Tamb~ max. 40°C Vp max. 8.0 V 

Output voltage VQ max. 8.0 V 

Input voltage VG max, 8,0 V 

Input current 1) —I G max. 20 mA 

Voltage difference between any two inputs max. 8.0 V 

Storage temperature Tstg —35 to + 125 °C 

Operating ambient temperature Tamb 0 to +75 oC 

At this limit, input voltage typ.: —1 .5 V. 
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FCH301 
decoder 

FC family 
standard temperature range 

preliminary 

SYSTEM DESIGN DATA 

Operating ambient temperature 

Uniform system voltage 

Tamb 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

Available d.c. fan out Na 9 

ML min. 0.4 V 
D.C, noise margin 

MH min. 2.9 V 

Average propagation delay time tpd 100 ns 

Equivalent input capacitance CC typ. 4 pF 

Power dissipation Ptot max. 300 mW 

CHARACTERISTICS 

0 

Tamb ~° C) 

25 75 

Conditions and 
References 

VP 
(V) 

STATIC DATA 

V LmaxQ 

IQ Lmax 
IGLmax 

0.4 

15.8 
18.0 

0.4 

14.9 
17.1 

0.4 

14.0 
16.2 

V 

mA 
mA 

~' 7
and 
6.3 

5.7 
6.3 

For the proper 
combination of 
inputs to be HIGH 
or LOW see 
Function Table 

Output voltage LOW 

at: 
Output current LOW 

Output voltage HIGH VQHmin o • 2 0.2 0.2 V 5.7 -I(2 = 0 

Input voltage LOW VGLmax 1.0 1.0 0.8 V 
5.7 
and 
6.3 

Input voltage HIGH VGHmin 2.6 2.5 2.4 V 
J.7 
and 
6.3 

Input current LOW -IGLmax

-IGLmax 

1 .75 

2.0 

1.65 

1.9 

1.55 

1 .8 

mA 

mA 

5.7 

6.3 

VG = 0.4 V 

VG = 0.4 V 

Input current HIGH IGHmax 1.0 1.0 25 µA VG = 6.3 V 
other inputs 0 V 

Supply current Ipmax - 48 mA 6.3 G inputs 0 V 

4 December 1970 



preliminary FC family 
standard temperature range 

FCH301 
decoder 

CHARACTERISTICS (continued) 

Iamb (° C) 

U 25 75 

Conditions and 
References 

VP 
(V) 

DYNA~4IC DATA" ~ 

Rise propagation 
J 

V
delay time tpdr max - 110 - ns 

l N~ l; C ,  40 F L = p 

Vpd= 1.~V 
{ 

Fall propagation 

tpdrmax - 30 - ns ~ = g. CL = 70 pF 

r 
delay time t dfmax p - 85 - ns { V pd = 1.S V 

1 \ = 1; CL, = 40 pF 

Vpd=1.~V 
tpdfmax - 100 - ns 

N = 8; C L = 70 pF 

*)See figures below 

is~: 

90% 

N = 1 

ise: 

90e/e 

connect 
to active 

output 

diodes FCY101 

N = 8 

G INPUT 

~Q OUTPUT 

Waveforms and loading circuit illustrating measurement of tpdr and tp~ 
1) Including probe and jig capacitance 
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FC family 
standard temperature range 

FCH311 
FCH321 
inverters 

The FC family of DTL silicon monolithic integrated circuits has been designed for 

medium speed digital applications in computing, office electronics, telecommunica-

tion, instrumentation and industrial control. 

© ® ® m m ~ O 
S' E6 Oi ES QZ E4 Q3

~ FCH311 

Q6 E7 Qg Ey Qq E3 P 

0 © © ~ © ~ ~ 
7255259 

Sextuple im-erter 

non-Rc

7zsszse 

Rc

FCH311 FCH321 

QUICK REFERENCE DATA 

Supply voltage VP 6.0 ± 5°/-o V 

Operating ambient temperature range Tamb 0 to +75 oC 

Average propagation delay time 
N = 6, Cw = 60 pF, Tamb - 25 oC tpd typ. 30 ns 

Available d.c. fan out to FC gates 

Tamb ' 0 to +T oC Na > 

Power consumption per inverter 

~0 ~ duty cycle, Tamb - 2~ °C non-Rc

Rc
Pav 

Pav 

8 

typ. 7 mW 

typ. 11 mW 

The fan -in of the circuits can easily be expanded by means of a diode array. 
The outputs of these inverters may be interconnected to perform the AND-OR -NOT 
function. 

PACKAGE OUTLINES: 14 lead plastic dual in-line (type A). (See General Section) 
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FC H311 
FCH321 
inverters 

FC family 
standard temperature range 

CIRCUIT DIAGRAMS 

Ei

D1 

D2 

R2 

FCH3z1 

R1 

E~ • 

01 

D2 

R2 

R~4 

LOGIC FUNCTION 

1. Individual inverter operation 

E,~ D 

Q = E i for positive logic 

2. Individual gate operation 

G, 
Gj 

Q = Gi . G~ for positive logic 

7Z 55309.1 

1 
•P 

1 
R9 R~5 R11 R~6 

ES

D9 

E6

Dii 
D10 

D 
5 012 

D6 

TR6 TR6 

R10 R12 

' ~H 

Function table Ei Q 

L 

H 

H 

L 

Function table Gi G~ Q 

L X H 

d X L H 
H H L 

7Z 55260.2 
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FC family 
standard temperature range 

FCH311 
FCH321 

inverters 

LOGIC FUNCTION (continued) 

3. Commoned gate operation 

G;
Gi

Gk 
GC

Function table Gi Gj Gk Gl Q 

L X L X H 

L X X L H 

X L L X H 

X L X L H 

H H X X L 

X X H H L 

Q = (Gi.Gj) (Gk.Gl ) _ (Gi.Gj) + (Gk .GI) for positive logic 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 

The AND-function is obtained by connecting a diode array to the E input. 

RATINGS Limiting values in accordancewiththe Absolute Maximum System(IEC134) 

Supply voltage Vp max. 8.0 V 

Output voltage (HIGH state) VQ max. 8.0 V 

Output current 1 ) -IQ max. 20 mA 

Expander input voltages with respect to supply Vp-VE max. 8,0 V 

Expander input current I E max. 5.0 mA 

Storage temperature Tstg -55 to +125 oC 

Operating ambient temperature Tamb 0 to +75 oC 

1) For negative output voltage. 
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FCH311 
FCH321 
inverters 

FC family 
standard temperature range 

SYSTEM DESIGN DATA (both non-Rc and Rc) 

Uniform system temperature 

Uniform system supply voltage 

Tamb 

V p

0 to +75 

5.7 to 6.3 

oC

V 

Available d.c. fan out to FC gates Na > 8 

Averaged propagation delay time 
with BAX13 diode tpd max. 75 ns 

Increase of tpdf with increasing expander 
capacitance for Cv, = 0 to 100 pF ~tpdf typ. 1.4 ns/pF 

Equivalent output capacitance CQ typ. 10 pF 

Supply current non-Rc IPav n'P• 7.2 mA 

(duty cycle 50%) Rc Ipav typ. 10.5 mA 

Power dissipation at Tam  = 75 ° C non-Rc ptot max. 100 mW I-
Rc Ptot max. 171 mW 

125 
tod. 
(ns) 

700 

75 

50 

25 

0  
0 

925530 

typical values 

ll--r
4 ~~:r-"T_ 

 a

FIG1  

10 20 30 40 50 60 70 60 C~ (pF) 100 

tpdr versus CL for both BAX13 and FCY101 as input diode 

20 30 

725530! 

60 70 80 C~ (pF) 100 

tp~ versus CL for BAX13 and FCY101 as input diode 
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FC family 
standard temperature range 

FC H 311 
FCH321 

inverters i 

CHARACTERISTICS of FCH311 (non Rc) 

0 

Tamb (oC)

+25 +75 

Conditions and 
references 

VP 
(V) 

STATIC DATA 

VQLmax 

IQLmax 

0.4 

16.0 
18.0 

0.4 

15.1 
17.0 

0.4 

14.2 
16.0 

V 

mA 
mA 

5.7 
and 
6.3 

5.7 
6.3 

-IE = 50 µA Output voltage LOW 

at: 
Output current LOW 

Expander input 
voltage HIGH VEHmax 3.0 2.8 2.6 V 

5.7 
and 
6.3 

IQL =IQL max 

-IE = 50 µA 

Input current LOW I - ELmax 

V EL

1.75 
2.0 

1.05 

1.65 
1.9 

1.00 

1.55 
1.8 

0.90 

mA 
mA 

V 

5.7 
6.3 

at: 
Expander input 
voltage LOW 

Output current HIGH IQHmax 

VELmax 

70 

1.8 

70 

1.7 

70 

1.4 

µA 

V 

J.7 
and 
6.3 

5.7 
and 
6.3 

VQ = 5.3 V 

at: 
Expander input 
voltage LOW 

Supply current 1pHmax 

VEL

IPLmax 

12.0 

1.05 
11.4 

11.4 

1.00 
10.2 

10.8 

0.90 
10.2 

mA 

V 
mA 

6.3 

6.3 
(Expander inputs 
t floating 

at: 
Expander input 
voltage LOW 

Supply current 

DYNAMIC DATA 
see also page 7 

Rise propagation 
delay time 

Fall propagation 
delay time 

t pdr max 

tpdr max 

t pdf max 

tpdf max 

- 

- 

- 

- 

85 

70 

65 

85 

- 

- 

- 

- 

ns 

ns 

ns 

ns 

6.0 

6.0 

6.0 

6.0 

R = 4 kSZ 
CL = 40 pF 

R = 670 S2 
CL = 60 pF 

R = 4 kSt 
CL = 40 pF 

R = 670 Sl 
C = 60 F L p 
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FC H311 
FCH321 
inverters 

FC family 
standard temperature range 

CHARACTERISTICS of FCH321 (Rc) 
o

Tamb (C)

0 +25 +75 

Conditions and 
references 

Vp 
(V) 

STATIC DATA 

VQLmax

IQLmax

0.4 0.4 0.4 V 

14.0 13.2 12.4 mA 
16.0 15.2 14.4 mA 

5.7 

and 
6.3 

5.7 
6.3 

-IE = 50 µA Output voltage LOW 

at: 
Output current LOW 

Expander input 
voltage HIGH VEHmax 3.0 2.8 2.6 V 

5.7 
and 
6.3 

~ IQL =IQL max 

-IE = 50 µA 

Output voltage HIGH VQHmin 

VELmax 

5.3 5.3 5.3 V 

4.1 4.1 3.9 V 

1.8 1.7 1.4 V 

5.7 

5.7 

5.7 

and 
6.3 

I = 0 
IQ = -200 µA 
Q at: 

Expander input 

voltage LOW 

Input current LOW -IELmax

VEL

1.75 1.65 1.55 mA 

2.0 1.9 1.8 mA 

1.05 1.00 0.90 V 

5.7 
6.3 

at: 
Expander input 
voltage LOW 

Output current LOW 
(AND-OR-NOT 
function) 

I LLmaxQ 2.2 2.1 2.0 mA 6.3 

Expander inputs LOW 
Output forced LOW 
externally to 
VQ = 0.4 V 

Supply current IpLmax 25.2 22.8 21.6 mA 6.3 
Expander inputs 
floating 

DYNAMIC DATA 

t pdr max 

t pdr max 

tpdf max 

tpdf max 

- 85 - ns 

- 70 - ns 

65 - ns 

85 - ns 

6.0 

6.0 

6.0 

6.0 

~ 
R = 4 kS2 
CL, = 40 pF 

R = 670 S2 
CL = 60 pF 

R=4kS2 
CL = 40 pF 

R = 670 S2 
C = 60 F L p 

see also page 7 

Rise propagation 
delay time 

Fall propagation 
delay time 

t 
r 
E 

~~ 
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FC family 
standard temperature range 

FCH311 
FCH321 
inverters 

CHARA(.:1'hRISTICS (continued) 

" DYNAMIC DATA 

6V 

is~: is~s 

f --

OV 

E 
input input 
O O 

inverter 
under 
test 

D = BAX13 
other diodes FCY101 

E 
input input 

inverter 
under 44kIl 

O O test ±tai, 

D = BAX13 
other diodes FCY101 

1 

for FCH321 

 O VP=+6V 

Y255263.20

for FCH311 

Waveforms and loading circuits, illustrating measurement of tpdr and tpdf 

1) Including probe and jig capacitance 
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FC family 
standard temperature range 

FCJ101 
flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

i 
2 

9

5 Ji t 
J 

4 J3 L~ ~_ 

r

~-a 

- I 
12 K2  f 

13 K3 

~iufoe 

FF 

Qi 

02 

S2

6 

SINGLE JK FLIP-FLOP 

70 

s 

~zssooc~ 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Clock rate 

Available d.c. fan out 
Tam = 0 to +75 ° C 

D.C. noise margin 

Tamb - 25 oC 

Power consumption 
50°~o duty cycle, Tamb - 25 oC 

Vp 

Tamb 

fc

Na

~"- L 

Pav 

6.0 ± 5jc V 

0 to +75 oC 

typ. 10 MHz 

8 

typ. 1 .2 V 

typ. 36 mW 

The FCJ101 performs the JK flip-flop operation. Three J and three K inputs permit 
an additional AND operation. Triggering occurs at the falling edge of a T signal. 
The direct -set inputs (overriding any other inputs) are active at the LOW level . The 
circuitry incorporates bi-directional outputs for driving capacitive loads. Typical 
applications are in high speed counters and shift registers. 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A). (See General Section) 
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FCJ101 
flip -flop 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 

T i • 

J Z • 

~3 ~ 

Si • 

T • 

5z • 

D1 

~~ 

D2 

~~ 

D3 

1 

D4 

DS 

'/ 

D6 

R3 

TR1 

R'. 

TR2 

R7 

C1 

~~ 

,C2 

D73 

~1 

R9 

D19 

D14 

~~ 

D16 

~/ 

~~ 

Tft6 

TR6 'L( 

07 

~1 

D8 

~1 

D9 

K, • N 

D10 

K 2 ~ ------ ~1 

011 

K 3 ~ II 

D12 r 

RL 

T
R2 

RB 

TR3 

' R6 

TR4 

~C3 

~~ 
CL 

LOGIC DIAGRAM(to MIL standard 806B) 

O16 

~/ 

D77 

~~ 

J
D10 

1~ 

R12 

►! 
D20 

R10 

R16 

R76 

Re 

TR 11 

D 22 

TR72 

R10 

 •D~ 

 •P 

 •~ 

 • Z 
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FC family 
standard temperature range 

FCJf01 
flip-flop 

FUNCTION TABLES 

1. Trigger action via T terminal 

T =HIGH T =LOW 

J K QI Qz 
H H reversed 
L H L H 
H L H L 
L L no change 

J = J1 • J2 • J3 ~ for positive logic 
K = K1 K2 K3 

2. Set or reset via S terminals 

S1 S2 Q1 Q2 

H L L H 
L H H L 
L L H H 
H H no change 

The information on J and K is transferred 
into the flip-flop by T becoming HIGH. 

When T subsequently goes LOW the out-

puts will assume the levels shown in the 

table. Inputs S1 and S2 should be HIGH or 

floating. 

The set inputs override the other inputs 

and directly determine the outputs of the 

flip-flop. 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS (Limiting values) 1) 

Supply voltage VP max. 8.0 V 

Output voltage VQ max. 8.0 V 

Input voltage VJ, VK, VT, VS max. 8.0 V 

Output current 2) -IQ max. 20 mA 

Input current 3) -IJ, -IK, -IT, -IS max. 20 mA 

Voltage difference between any two inputs max. 8.0 V 

Storage temperature Tstg -55 to+125 oC 

Operating ambient temperature Tamb 0 to +75 °C 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) For negative output voltage in LOW state. 
3) At this limit input voltage typ. -1. S V . 
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i FCJ101 
flip-flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

to J or K input 
to S input 
to G input 

Available a. c. fan out 
to T input 

D.C. noise margin 

to T input 

to J or K input 

to S input 

to G input 

Average propagation delay time 

Maximum clock rate 

Equivalent input capacitances 

for T input 
for J or K input 
for S input 

Supply current (duty cycle SO%) 

Power dissipation at Tam  = 75 °C 

Tamb 

Vp 

NaJ = NaK 

0 to +75 

5. 7 to 6.3 

g 

oC 

V 

NaS 4 

NaG 8 

NaT 2 

ML min. 0.3 V 
MH min. 0.2 V 

M1, min. 0.5 V 
MH 

ML

min. 

min. 

0.2 

0.3 

V 

V 
i 
7 

MH min. 0.2 V 

ML min. 0.4 V 
MH min. 1.5 V 

tpd max. 85 ns 

fc ~ 6 MHz 

CT typ. 30 pF 
CJ = CK typ. 20 pF 
CS typ. 25 pF 

Ipav typ. 6.0 mA 
r
j

ptot max. 56 mW 1 
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FC family 
standard temperature range 

FCJ101 
flip-flop 

CHARACTERISTICS 

Tamb (° C) 

0 +25 +75 

Conditions and 
references 

VP
(V) 

STATIC DATA 

5.7 
Output voltage LOW VQLmax 0.4 0.4 0.4 V and 

at: 
6.3 

Output current LOW I Lmax Q 
14.0 16.5 12.4 mA 
16.0 19.0 14.4 mA 

5.7 
6.3 

Output voltage HIGH VQHmin 3.8 3.9 4.1 V 5.7 IQ = -100 µA 

Output voltage HIGH 
(lowest permissible) 

at: 

VQHPmin 3.6 3.3 3.0 V 5.7 

Output current HIGH -IQHmax 0.85 3.3 5.5 mA 5.7 

Input current LOW 
I ( JLmax ~ 1.75 1.65 1.55 mA 5.7 1 

VT = VK = 0.4 V; 
other inputs 

- IKLmax 
t

2.0 1.9 1.8 mA 6.3 
J 

floating . 

3.5 3.3 3.1 mA 5.7 l VT = 0.4 V; other 
- ITLmax 4.0 3.8 3.6 mA 6.3 J inputs floating 

3.5 3.3 3.1 mA 5.7 l Vg =0.4V; other 
- ISLmax 4.0 3.8 3.6 mA 6.3 ~ inputs floating 

Input current HIGH - IJHmax ' 
- IKHmax 

1 1 25 µA 5.7 VJ = VK = 5.3 V 
other inputs 0 V 

ITHmax 2 2 50 µA 5.7 VT = 5. 3 V 
other inputs 0 V 

ISHmax 2 2 50 µA 5.7 VS = 5.3 V 
other inputs 0 V 

Supply current Ipmax - 9 - mA 6.3 T input LOW 
J, K, S inputs HIGH 
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FCJ101 
flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

Tamb (° C) 

0 +25 +75 

Conditions and 

references 

(V) 
fig. 

5.7 
DYNAMIC DATA and 

6.3 

Change of state 
VTHmin HIGH level at T 

Input voltage HIGH 

during: 

VJHmin 
VKHmin 

3.6 3.3 3.0 V and Jand/or K to 
be present si-

multane ous ly 

1

Input time HIGH tTHmin 50 50 50 ns 1 

followed by: 
(- d t) 

dV Tmax 
18 18 18 ns/V 1 

T-input slope 

to: 

(_ dt )
dV Tmin 

4 4 4 ns/V 1 

T-input voltage LOW VTLmax 0.7 0.7 0.7 V tTLmin = tpdf 1

No change of state 

JK-input voltage LOW VJLmax 1.1 1.0 0 9 V J and K turning 
2 

during: 
VKLmax LOW after T and 

Jand/or K having 

JK-input time LOW tJLmin 
tKLmin 

100 100 160 ns been HIGH si- 
multaneously 

2 

Clock skew protection 

Hold time LOW tholdLmax 15 15 15 ns 2 

Hold time HIGH tholdHmax 7 10 10 ns 3 

Set or Reset 

S-in ut volta e LOW P g V SLmax 1.0 0.9 0.7 V 
active 

tSLmin = tpdf 
4 

S -input voltage HIGH V SHmin 3.6 3.3 3.0 V inactive 

Propagation delay 

times from T to Q 

Rise propagation 
delay time 

tpdr max - 70 - ns 6.0 VPd = 1.5 V 
N =1; C L = 60 pF 

5

Vpd=1.5V 
Fall propagation 
delay time 

tpdf max - 100 - ns 6.0 N = 8; C L = 60 pF 
other output N = 1 

5

CL,=60pF 
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FC family 
standard temperature range 

FCJ101 
flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

VTNmin

/

- 

V TL ma. -}-

iTH ~ v  LTL

~-vd ) 
1 

TINPUT 

J or K INPUT VJM min~VNN min 

Fig.l. Waveforms illustrating conditions for change of state. 

T INPUT 

VTLmv 

J or K INPUT 

1  
VJL mat V NL maw 

i roieL 

fi!!ON 

Fig.2. Waveforms illustrating conditions for no change of state. 

For no change of state to result: 
a. the time between J or K reaching VJLmax~ VKLmax (going LOW) and T 

reaching VTLmax (going LOW) must be at least tJLmin~ tKLmin• 
b. the time between J or K reaching VJLmax~ VKLmax (going HIGH) and T 

reaching VTLmax (going LOW) must be less than tholdL~ 
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FCJ101 
flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T INPUT 

~TLf1q. 

J or• K INPUT 

,~s.a~:, 

Fig.3. Waveforms illustrating conditions for change of state. 
For a change of state still to result, the time between J or K reaching V JHmin 
VKHmin(going LOW) and Treaching VTLmax (g°ing LOW) must be less than 

tholdH 

Fig.4. Waveforms illustrating conditions for set or reset. 

8 September 1968 



FC family 
standard temperature range 

FC1101 
flip -flop i 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

v 

ov 

t T~60ns ~ 

VTHmin 

~Tlma. 

tT~a100ns 

90% 90% 

T INPUT 

to•i. 

tt°i6n 

tow° 

t r ~ ISns 

Ol and (~~ OUTPUTS 
Vva 

Vp-+6V 

t var 

tune 

to tl~ or ~Z

0 

rzssax.z 

Vp=+6V 

izssms 

diodes FCY101 

Equivalent load for N = 8 and 
CL1) = 60 pF 

to Q~ or 4z 

0 

vp=+6v 

rzssays 

diodes FCY101 

Equivalent load for N = 1 and 
CL1)=60pF 

Fig. 5. Waveforms and loading circuits illustrating measurement of tpdr and 
tP~ 

. 

1) Including probe and jig capacitance 
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FC family 
standard temperature range 

FCJ 111 
flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

SINGLE JIC MASTER-SLAVE FLIP-FLOP 

3 J 
—~. 4 T 

0 
6 K 

~zaesos 

~~ S Q'

FF 

~2 

12 

10 

~Sp 

8 

mmmmm~n 
,PJ n.c. Q~ n.c. Qy n.c. Sy 

~ FCJ111 

S~ n.c. J T n.c. K P 
0 © © ~ © ~ ~ 

~ssooz~ 

QUICK REFERENCE DATA 

Supply voltage 6.0 5~ V Vp ± 

Operating ambient temperature range Tamb 0 to +75 oC 

Clock rate fc typ. 5 MHz 

Available d.c. fan -out 

Tamb - 0 to 75 ° C Na 8 

D.C. noise margin 

Tarnb = 25 oC ML typ. 1.2 V 

Power consumption 

50°~p duty cycle, Tamb = 25 oC Pav t3'P• 67 mW 

The FCJ111 is adirect-coupled JK flip-flop, operating on the master -slave prin-
ciple.Operation depends on voltage levels only, i.e. rise and fall times of all input 
signals, including the trigger signal, are immaterial.The J, K andTinputs arelogi-
cally equivalent, allowing the use of J and K for triggering. The direct set -inputs 

(overriding any other inputs) are active at the LOW level. 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A). (See General Section) 

~~ 
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FC J 111 
flip-flop 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 
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LOGIC DIAGRAM(to MIL standard 806B) 
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FC family 
standard temperature range 

FCJ 111 
flip-flop 

FUNCTION TABLES 

1 . Trigger action via T terminal (each flip-flop) 

T =HIGH T =LOW 

J K Q1 Q2 
H H reversed 
L H L H 
H L H L 
L L no change 

2. Trigger action via J and K terminals 

J K Q1 Q2 

H-+L X H L 
X H-~L L H 

H~L H-~L reversed 

3. Set or reset via S terminals 

S1 S2 Q1 Q2 

H L L H 

L H H L 
L L indeterminate 

H H no change 

The information on J and K is transferred 
into the master by T becoming HIGH. 

When T subsequently goes LOW the out-
puts will assume the levels shown in the 
table. Inputs S1 or SZ should be HIGH or 
floating. 

If J or K go LOW with T HIGH, Q 1 and Q Z

assume the state shown. If both J and K go 

LOW with T HIGH, the outputs of Q 1 and 

Q2 are reversed (exactly as if J and K 
remained HIGH and T were triggered). 
When triggering on J and K the T input 
requirements VTH and VTL (see CHAR-
ACTERISTICS) apply to J and K. 
S1 and S2 should be HIGH or floating. 

The set inputs override the other inputs 

and directly determine the outputs of the 
flip-flop. 

In the case of both set inputs going LOW 
the first to reach LOW will determine the 
output conditions. 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 

RATINGS Limitingvalues in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage VP max. 8.0 V 

Output voltage VQ max. 8.0 V 

Input voltage VJ, VK, VT, VS max. 8.0 V 

Output current 1) -IQ max. 20 mA 

Input current 2) -IJ, -IK, -IT, -IS max. 20 mA 

Voltage difference between any two inputs max. 8.0 V 

Storage temperature Tstg -55 to + 125 oC 

Operating ambient temperature Tamb 0 to +75 oC 

1) For negative output voltage. 

2) At this limit input voltage typ.: -1 .5 V. 

~r 
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FCJ111 
flip -flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

Tamb 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

to T input NaT ~ 4 

to J or K input NaJ = NaK ~ 8 

to S input ~'aS o 

to G input NaG 3 8 

D.C. noise margin 

to T input M L min. 0. 5 V 
Mli min. 1.9 V 

to J or K input ML min. 0.9 V 
MH min. 1.9 V 

to S input ML, min. 0.4 V 
MH min. 1.9 V 

to G input ML, min. 0.4 V 
MH min. 2.3 V 

Average propagation delay time tpd max. 150 ns 

Maximum clock rate fc ~ 3 MHz 

Equivalent input capacitances 

for T input CT typ. 8 pF 

for J or K input CJ = CK typ. 4 pF 

for S input CS typ. 8 pF 

Supply current (duty cycle 50°0) Ipav typ. 11.2 mA 

Power dissipation at Tamb - 75 oC Ptot max. 110 mW 

4 September 1968 



FC family 
standard temperature range 

FC J 111 
flip-flop 

CHARACTERISTICS 

0 

Tamb (oC) 

+25 +75 

Conditions and 
references 

VP 
(V) 

STATIC DATA 

5.7 

Output voltage LOW VQLmax 0.4 0.4 0.4 V and 
6.3 

at: 
14.0 13.2 12.4 mA 5.7 

Output current LOW IQLmax 16.0 15.2 14.4 mA 6.3 

Output voltage HIGH VQHmin 5.3 5.4 5.3 V 5.7 IQ = 0 

Output voltage HIGH 

(lowest permissible) 

at: 

VQHPmin 3.9 3.5 2.8 V 5.7 

Output current HIGH -IQHmax 350 450 550 µA 5.7 

Input current LOW - I Lmax~ 1 .75 1 .65 1 .55 mA 5.7 1 Vt = VKp 0.4 V; 

- IKLmax { 2.0 1.9 1.8 mA 6.3 
floating 

uts 

3.5 3.3 3.1 mA 5.7 lVT=0.4V;other 
-ITLmax 4.0 3.8 3.6 mA 6.3 J inputs floating 

2.7 2.6 2.4 mA 5.7 iVS =0.4V;other 
-ISLmax 3.0 2.9 2.7 mA 6.3 Jinputs floating 

Input current HIGH IJHmax~ 
IKHmax 

1 1 25 µA 5.7 
VJ = VK = 5.3 V 
other inputs 0 V 

I THmax 2 2 50 µA 5.7 
VT=5.3V 
other inputs 0 V 

I SHmax 2 2 50 µA 5.7 VS = 5.3 V 

other inputs 0 V 

Supply current Ipmax - 20 - mA 6.3 J, K, S,T inputs 
HIGH 

~~ 
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FC1111 
flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

Tam (oC) 

0 +25 +75 

Conditions and 
references 

~̀P) fig. 

DYNAMIC DATA 
5•% 

and 
6.3 

Change of state 

VTHmin HIGH level at T 
Input voltage HIGH VJHmin 

~~KHmin 

3. 1 2.9 2.5 V 
and Jand/or K to 
be present simul-

1

during: 
T-input time HIGH 

to: 

t THmin 100 100 100 ns taneously 1 

Input voltage LOW VTLmax 1, 3 1.1 0.9 V tTLmin = tpdr 1

No change of state 
LOW levelat J and 
K to be present 

JK input voltage LOW VJLmax 1.8 1.6 1.3 V 
Prior to T turning 

2 
VKLmax HIGH and to re-

mainpresent dur-
ing T is HIGH 

Clock skew protection 

Hold time thotdmax 20 20 20 ns 2 

Set or Reset 

1.2 1.0 0.8 V J active 
J

3 S input voltage LOW VSLmax 
tSLmin = tpdr 

S input voltage HIGH VSHmin 3.1 2,9 2.5 V inactive 

DYNAMIC DATA 

Propagation delay 
times from T to Q 

Vpd = 1.5 V 

Rise propagation 
delay time 

t pdrmax - 200 - ns 
N = 1; CL = 60 pF 
other output 

4 

N = 8; CL = 56 pF 
Fall propagation 
delay time 

t pdf max - 100 - ns 
jVpd = 1.5 V 
N = 8; CL = 56 pF 

4 
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FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

_ tTN _ tTL 

v, 
T INPUT 

1/

---- J 
f-TN 

Fig, 1. Waveforms illustrating conditions for change of state. 

t 

1 

T INPUT 

\ VTlmoi 

FCJ111 
flip -flop 

~ 1 or K INPUT 
VJLmw~ VKL may 

Fig. 2. Waveforms illustrating conditions for no change of state. 

S~ or S2 INPUT 

spa 

+zssms 

Fig. 3. Waveforms illustrating conditions for set or reset. 

QI or D2 OUTPUT 
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FCJ111 
flip -flop 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

6V 

t rH3100ns try>200ns

v ep Vnmo. 
ov 

t 

90°/0 

to°i°
15ns 

TINPUT 

QI and Q2 OUTPUTS 
d 

90% 

10go 

tr=l5ns 

t par 

Vp-+6V 

to ~~ or 01

0 

VP=+6V 

diodes FCY101 

Equivalent load for N = 8 and 
C L1) = 56 pF 

to 0~ or D2

m 

Vp=+6v 

diodes FCY101 
„s,o>, 

Equivalent load for N = 1 and 

CL1) =60 pF 

Fig, 4. Waveforms and loading circuits illustrating measurement of tpdr and tp~ . 

1) Including probe and jig capacitance 
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FC family 
standard temperature range 

FCJ121 
dual flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

DUAL JK MASTER-SLAVE FLIP-FLOP 

,2 ©m m m m v n to Jt o, 
8 Tt ` 

FF 
:PI Sy Qt Q2 Jt Kt Tt 

9 Kt 
0 

r ~ QZ 11 
~ FCJ121 

3 J2 ~_ 
4 J3 Q3 1 03 Qa Jp J3 Ky Tp P 

6 TZ 
FF 

Q4 2 

0 © © ~ © ~ ~ 
~zssooe 5 Ky 

a 

r 

SZ~ 13 24e910.~ 

QUICK REFERENCE DATA 

Supply voltage Vp 6.0 ± 5~/~ V 

Operating ambient temperature range Tamb 0 to +75 oC 

Clock rate fc tYP 7 MHz 

Available d.c. fan out 

Tamb - 0 to +75 ° C Na 8 

D.C. noise margin 

Tamb - 25 oC ML typ. 1.2 V 

Power consumption 
50°~o duty cycle, Tamb = 25 °C (each flip-flop) Pav typ. 50 mW 

The FCJ121 comprises rivo independent direct coupled JK flip-flops, operating on the 
master-slave principle. Operation depends on voltage levels only, i.e. rise and fall 
times of all input signals including trigger signals are immaterial. The common 
set -input (overriding any other inputs) is active at the LOW level. Typical applica-
tions are in medium speed counters. 

PACKAGE OUTLINE,: 14 lead plastic dual in-line (type A). (See General Section) 
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FCJ121 
dual flip-flop 

FC family 
standard temperature range 

♦-

CIRCUIT DIAGRAM 
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FC family 
standard temperature range 

FCJ121 
dual flip-flop 

FUNCTION TABLES 

1. Trigger action via T terminal (each flip-flop) 

T =HIGH T =LOW 

Jl KI QI Q2 
J2 K2 Q3 Q4 
H H reversed 
L H L H 
H L H L 
L L no change 

The information on J and K is transferred 
into the master by T becoming HIGH. 

When T subsequently goes LOW the out-

puts will assume the levels shown in the 

table. Input S2 should be HIGH or floating. 

For the flip-flop with two J -inputs: J = J2 J3 for positive logic 

2. Set or Reset via S2 terminal (both flip-flops) 

S2
S4 

Q1 
Q3 

Q2 
Q4 

The set input overrides the other inputs 
and directly determines the outputs of both 

L L H flip-flops. 
H no change 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS (Limiting values) 1) 

Supply voltage Vp max. 8.0 V 

Output voltage VQ max. 8.0 V 

Input voltage VJ , VK , V-r , VS max. 8.0 V 

Output current 2) -IQ max. 20 mA 

Input current 3) -IJ , -IK, -I-r, -IS max. 20 mA 

Voltage difference between any two inputs max. 8.0 V 

Storage temperature Tstg -55 to +125 oC 

Operating ambient temperature Tam 0 to +75 oC 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) For negative output voltage in LOW state. 
3) At this limit input voltage typ. -1.5V 
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FCJ121 
dual flip-flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

Tam 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

to T input NaT 3 

to J or K input NaJ = NaK ~ 10 

to S input NaS 2 

to G input 

D.C. noise margin 

NaG 8 

f 
f 

to T input M L min. 0.3 V 
MH min. 1.2 V 

to J or K input ML, min. 0.7 V 
MH min. 1.2 V 

to S input M L min. 0.3 V 
MH min. 1.9 V f 

to G input ML min. 0.4 V I 

MH min. 1.5 V 

Average propagation delay time tpd max. 105 ns 

Maximum clock rate 

Equivalent input capacitances 

fc 3 5 MHz i 

r 
I 

for T input CT typ. 12 pF f 
for J or K input CJ = CK typ. 4 pF 

for S input CS typ. 16 pF 

Supply current (duty cycle 50~) 1) Ipav typ. 16.8 mA 

Power dissipation at Tam  = 75 ° C 1) ptot max. 150 mW 

1) Both flip-flops together. 
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FC family 
standard temperature range 

FC1121 
dual flip-flop 

CHARACTERISTICS 

Tamb (° C) 

0 +25 +75 

Conditions and 
references 

V 
(V) 

STATIC DATA 

5.7 

Output voltage LOW VQL 0.4 0.4 0.4 V and 
6.3 

at: 
14.0 16.5 12.4 mA 5.7 

Output current LOW IQLmax 16.0 19.0 14.4 mA 6.3 

Output voltage HIGH VQHmin 3.8 3.9 4.1 V 5.7 IQ = -100 µA 

Output voltage HIGH 

(lowest permissible) 

at: 

VQHPmin 3.6 3.3 3.0 V 5.7 

Output current HIGH -IQHmax 0.85 3.3 5.5 mA 5.7 

Input current LOW - I Lmax~ 
IJ { - KLmax 

1.4 1.3 
1.6 1.5 

1.2 
1.4 

mA 

mA 
5.7 

6.3 

VJ = VK = 0.4 V; 
}other inputs 

floating 
4.0 3.8 3.5 mA 5.7 iVT=0.4V;other 

-ITLmax 4. S 4.2 3.9 mA 6.3 Jinputs floating 

5.7 5.5 5.2 mA 5.7 1Vg = 0.4 V; other 
'ISLmax 6.6 6.3 5.8 mA 6.3 Jinputs floating 

Input current HIGH IJHmax > 
IKHmax 

1 1 25 µA 5.7 
VJ = VK = 5.3 V 
other inputs 0 V 

ITHmax 3 3 75 µA 5.7 VT = 5.3 V 
other inputs 0 V 

ISHmax 4 4 100 µA 5.7 VS =5.3 V 
other inputs 0 V 

Supply current Ipmax - 26.7 - mA 6.3 T input LOW 
(both flip-flops 

together) 
J, K, S inputs 
HIGH 

July 1969 5 



FCJ121 
dual flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb ~ ° C~ 

+25 +75 

Conditions and 
references 

~V) 
fig. 

5.7 

DYNAMIC DATA and 
6.3 

Change of state 

VTHmin HIGH level at T 
Input voltage HIGH 

during: 

VJHmin 
VKHmin 

2.6 2.3 1 .9 V 
and Jand/or K to 
be present simul-

1

Input time HIGH 

to: 

tTHmin 60 60 60 ns 
taneously 1

T-input voltage LOW VTLmax 1 .0 1 .0 0.7 V tTLmin = tpdf 1

No change of state 
LOW level at J 
and K to be pre -

J/K input voltage LOW VJLmax 
VKLmax 

1.6 1.4 1.1 V 
sent prior to T 
turning HIGH and 
to remain present 
during T is HIGH 

2 

Clock skew protection 

Hold time thold max 10 10 10 ns 2 

Reset 

S input voltage LOW VSLmax 1 .0 1 .0 0.7 V J active 3

1 tSLmin = tpdf 

S input voltage HIGH VSHmin 1 .9 1 .8 1 .6 V inactive 

DYNAMIC DATA 

Propagation delay 

times from T to Q 

Rise propagation 
delay time 

t pdr max - 90 - ns 6.0 { Vpd = 1.5 V 
ll N = 1; CL, = 60 pF 

4 

V pd = 1.5 

Fall propagation _ _ N = 8; CL = 60 pF 
4 

delay time tpdfmax 120 ns 6.0 other output: 
N=1; CL=60 pF 

6 October 1969 



FC family 
standard temperature range 

FC1121 
dual flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

tiN 

VTHmin 

VTLmaa 

tTN 

/ ~ — — 1~,Hm~n 
J J 

KNm~n 

T INPUT 
1/

_ — _ — J 

J orK  
INPUT 

~ __J 

tTH 

Fig. 1. Waveforms illustrating conditions for change of state. 

T INPUT 
VTL rtna 

VJLmoa/ VKL maa 

J or K INPUT 

i Fig. 2. Waveforms illustrating conditions for no change of state. 

ova 

VSL m.a 

LSL 

S2 INPUT 

Ql or p 3 OUTPUT 

t vaT 

Fig. 3. Waveforms illustrating conditions for set or reset. 
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FC1121 
dual flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

6V 

OV 

TH ns _ _ t T~3120ns 

90°/0 

10°/e  T 
tf=l6ns 

Q ~ and Q 2 OUTPUTS 

pulse 
9< 

 O FF 

 0 FF 

t,,, 
t ver 

— 90% 

T INPUT 

 10% 

t r =l6ns 

Vv-+6V 

t0 ~~/~3 

or OZ/0~ 

VP=+6V 

60pF 

diodes FCY101 

Equivalent load for N = 8 and 

C L1)=60pF 

LO ~~/U3

0 

MP=+6v 

T:.s°u 
diodes FCY101 

Equivalent load for N = 1 and 
CLl) =60 pF 

Fig, 4, Waveforms and loading circuits illustrating measurement of tpdr and tp~ 

1) Including probe and jig capacitance 
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FC family 
standard temperature range 

FCJ131 
dual flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

DUAL JK MASTER-SLAVE FLIP FLOP 

9 ~1 Q1 12 

FF 

4 

e L 
T 

J 

,Q2 13 10 
a 

K1 r 

5 J 2 Q 2 

F 
6 T2 

L 

7Q4 1 4 KZ 
a 

r 

52 ~S4 

11 3 ~z4e9zu 

'lZ35009.1 

QUICK REFERENCE DATA 

Supply voltage Vp 6.0 ± 5°~o V 

Operating ambient temperature range Tamb 0 to + 75 oC 

Clock rate fc tYP 7 MHz 

Available d.c. fan out 

Tamb - 25 °C Na 3 8 

D.C. noise margin 

Tamb - 25 oC M L typ. 1.2 V 

Power consumption 
50~ duty cycle, Tamb _ 25 °C pav typ. 100 mW 

The FCJ131 comprises two independent direct coupled JK flip-flops, operating on the 
master-slaveprinciple. Operation depends on voltage levels only, i.e. rise and fall 
times of all input signals, including the trigger signals, are immaterial. The sepa-
rate set inputs (overriding any other inputs) are active at the LOW level. Typical 
applications include counters and shift registers. 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A). (S ee General Section; 
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FCJ131 
dual flip-flop 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 
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LOGIC DIAGRAM (to MIL standard 806B) 
• 52 I5~ ) 
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FC family 
standard temperature range 

FC1131 
dual flip-flop 

I 

FUNCTION TABLES 

1. Trigger action via T terminal (each flip-flop) 

T =HIGH T =LOW 

11 K1 Q1 Q2 
J2 K2 Q3 44 

H H reversed 
L H L H 
H L H L 
L L no change 

The information on J and K is transferred 
into the master by T becoming HIGH. 
When T subsequently goes LOW the outputs 
will assume the levels shown in the table. 
Inputs S2 and S4 should be HIGH or float-
ing . 

2. Set or reset via S terminals (each flip-flop) 

S2 Q1 Q2 The set inputs override the other inputs 
S4 Q3 Q4 and directly determine the outputs of the 

L L H relevant flip-flop. 

H no change 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 8.0 V 

Output voltage VQ max. 8.0 V 

Input voltage VJ, VK, VT, VS max, 8.0 V 

Output current l) -IQ max, 2p mA 

Input current 2) -I,, -IK, -IT, -IS max. 20 mA 

Voltage difference between any two inputs max. 8.0 V 

Storage temperature Tstg -55 to +125 oC 

Operating ambient temperature Tamb 0 to +75 °C 

1) For negative output voltage in LOW state. 
2) At this limit input voltages typ. : -1,5V. 

i 

i 
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FCJ131 
dual flip -flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

Tam 

Vp 

0 to +75 oC 

5.7 to 6.3 V 

to T input NaT ~ 3 

to J or K input NaJ = NaK ~ 10 

to S input NaS ~ 4 

to G input NaG ~ 8 

D.C. noise. margin 

to T input ML 
MH

min. 0.3 V 
min. 1.2 V 

to J or K input M L
MH 

min. 0.7 V 
min. 1.2 V 

to S input ML 
MH 

min. 0.3 V 
min. 1,9 V 

to G input ML 
MH 

min. 0.4 V 
min. 1.5 V 

Average propagation delay time tpd max. 105 ns 

Maximum clock rate fc ~ 5 MHz 

Equivalent input capacitances 

for T input CT typ. 12 pF 

for J or K input CJ = CK typ. 4 pF 

for S input CS typ. 8 pF 

Supply current (duty cycle 50%) 1) IPav typ. 16.8 mA 

Power dissipation at Tamb = 75 oC 
1)

Ptot max. 150 mW 

1) Both flip-flops together 

i 

~'1 
p
f
. 

f 

~' 
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FC family 
standard temperature range 

FCJ131 
dual flip-flop 

CHARACTERISTICS 

Tamb ~° C) 

0 +25 +75 

Conditions and 
references 

v 
(V) 

STATIC DATA 

5.7 

Output voltage LOW VQLmax 0.4 0.4 0.4 V and 
6.3 

at: 
14.0 16.5 12.4 mA 5.7 

Output current LOW IQLmax 16.0 19.0 14.4 mA 6.3 

Output voltage HIGH VQHmin 3.8 3.9 4.1 V 5.7 IQ = -100 µA 

Output voltage HIGH 
(lowest permissible) 

at: 

VQHPmin 3.6 3.3 3.0 V 5.7 

Output current HIGH - IQHmax 0.85 3.3 5.5 mA 5.7 

Input current LOW - I Lmaw J ~ 
1.4 1.3 1.2 mA 5.7 

l VJ - VK = 0.4 V; 
}other inputs 

- IKLmax 1.6 1.5 1.4 mA 6.3 
floating 

4.0 3.8 3.5 mA 5.7 lVT=0.4V;other 
-ITLmax 4.5 4.2 3.9 mA 6.3 inputs floating 

2.9 2.8 2.6 mA 5.7 lVS = 0.4 V; other 
-ISLmax 3.3 3.2 2.9 mA 6.3 Jinputs floating 

Input current HIGH IJHmax ~ 
IKHmax 

1 1 25 µA 5.7 
VJ = VK = 5.3 V 
other inputs 0 V 

ITHmax 3 3 75 µA 5.7 VT = 5.3 V 
other inputs 0 V 

ISHmax 2 2 50 µA 5.7 VS =5,.3 V 
other inputs 0 V 

Supply current Ipmax - 26.7 - mA 6.3 T inputs LOW 
(both flip-flops 
together) 

J, K, S inputs 
HIGH 

October 1969 5 



FCJ131 
dual flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb ~ oC~ 

+25 +75 

Conditions and 
references 

~V) 
fig. 

5.7 
DYNAMIC DATA and 

6.3 

Change of state 

VTHmi❑ HIGH level at T 
Input voltage HIGH 

during: 

VJHmin 
VKHmin 

2.6 2.3 1.9 V 
and Jand/or K to 
be present simul-
taneously 

1

Input time HIGH 

to: 

tTHmin 60 60 60 ns 1 

T-input voltage LOW VTLmax 1 .0 1.0 0.7 V tTLmin = tpdf 1

No change of state 
LOW level at J 
and K to be pre-

J/K input voltage LOW VJLmax
VKLmax 

1.6 1.4 1.1 V 
sent prior to T 
turning HIGH and 
to remain present 
during T is HIGH 

2

Clock skew protection 

Hold time thold max 10 10 10 ns 2 

Reset 

S input voltage LOW VSLmax 1.0 1.0 0.7 V J active 3

1 tSLmin = tpdf 

S input voltage HIGH VSHmin 1 .9 1 .8 1.6 V inactive 

DYNAMIC DATA 

Propagation delay 
times from T to Q 

Rise propagation 
delay time 

t pdr max — 90 — ns 6.0 { Vpd = 1.5 V 
l N = 1; CL, = 60 pF 

4 

~V pd = 1.5 

Fall propagation _ _ N = 8; CL = 60 pF 
4 

delay time tpdfmax 120 ns 6.0 
other output: 
N=1; CL=60 pF 

6 October 1969 



FC family 
standard temperature range 

FC1131 
dual flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

~ 1 TN ~ tTL 

VTNmn 

VTL me• 

1V1Nmin 
— ~ ~NMmin 

TINPUT 

J 
tTN 

J or K r 
INPUT / 

__~ 

~ tTN _ 

~Z SSi00! 

Fig. 1, Waveforms illustrating conditions for change of state. 

TINPUT 

\ VTLrmt 

i noa 

J or K INPUT 
V1L moa/ VNL rtw. 

Fig. 2. Waveforms illustrating conditions for no change of state. 

y~

,~ isL 

Vp 
1F VSlma. 

S~ or S4 INPUT 

GT E or pg OUTPUT 

Fig. 3. Waveforms illustrating conditions for set or reset. 
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FC1131 
dual flip-flop 

FC family 
standard temperature range 

>--

CHARACTERISTICS (continued) 

DYNAMIC DATA 

CV 

~v 

tr,~~xon: 

SO°/° 

o °/° 
t.=tins 

Q 1 and Q2 OUTPUTS 
V,c 

- SO°i° 

T INPUT 

-10°,° 

i,=15ns 

t Dar 

Vr i6V LO 0,/03

or OZ/0~ 

Vp=+6V 

60pF 

Diodes FCY101 
Equivalent load for N = 8 and 

CL1)=60pF 

to 0/0 3

or OZ /0~ 

Vp=+6V 

60pF 

Diodes FCY101 
Equivalent load for N = 1 and 
CL1) = 60 pF 

Fig. 4. Waveforms and loading circuits illustrating measurement of tpdr and tp~ . 

1) Including probe and jig capacitance 
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preliminary FC family 
standard temperature range 

FCJ141 
10-counter 

5 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommunica-
tion, instrumentation anal industrial control. 

SINGLE ASYNCHRONOUS 10-COUNTER 

a ~~ 12 ~o 

T FF 

SZ 

aA as ac QD 

~O FF FF 

1 

FF 

3 7Z4B 923.4 

')255010.2 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Clock rate 

Available d. c . fan out 
Tam = 25 oC 

D. C, noise margin 
Tam = 25 oC 

Power consumption 
50~o duty cycle, Tamb - 25 oC 

Vp 6.0±5% V 

Tam  0 to +75 °C 

fc typ. 7 MHz 

Na

ML

Pav 

8 

typ. 1.2 V 

typ. 180 mW 

The FCJ141 is four master -slave flip-flops interconnected to form ana-synchronous 
decade counter in the 8-4-2-1 code. The information is transferred to the master 
when the trigger signal is HIGH (the first flip-flop is triggered by the count input at 
T), When the trigger signal is LOW the information is transferred to the slaves and 
appears at the outputs. A common reset input S2 directly resets .the outputs and 
overrides the T input. 

PACKAGE OUTLINE: 14 lead plastic dual in -line (type A) (See General Section) 
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FCJ 141 
10 counter 

FC family 
standard temperature range 

preliminary 

CIRCUIT DIAGRAMS 
a, 

A 

d e 

a 

A 
h 

d e D8 

A 

d e 

h~ _ 

~ ~ 
Dlo Dn 

Do Zia 

9 
A 

c d £ 

~ D2 ~D9 ~ D12 

R17 

1 1 
R1 

5 D1 
T ~--~ 

T D2 

1D3 

R2 

R3 

TR1 

iR2 

SZ

R4 
I 

D4 ,-' 

DS 

I D6 

RS 

TR3 
r' — 

L 

a IP) 

h 
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preliminary FC family 
standard temperature range 

FCJ141 
10-counter 

FUNCTION TABLES 

Count 
OUTPUT 

QD QC QB QA 

0 L L L L 
1 L L L H 
2 L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 L H H L 
7 L H H H 
8 H L L L 
9 H L L H 

S2 

L 
H 

QD QC IQBIQA 

count 
L ~ L ~ L ~ L 

Input S when being at the HIGH state over-
rides the count input and directly resets all 
outputs in the LOW state 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 

Input voltage 

Output voltage 

Input current 1) 

Output current 2 ) 

Voltage difference between any two inputs 

Storage temperature 

Operating ambient temperature 

1) At this limit, input voltage typ, —1,5 V. 

2) For negative output voltage in LOW state. 

Vp max. 8,0 V 

VT; VS max. 8.0 V 

VQ max. 8.0 V 

—IS; —IT max. 20 mA 

—IQ max. 20 mA 

max. 8,0 V 

Tstg —35 to+125 °C 

Tamb 0 to +75 oC 

December 1970 3 



FC1141 
10-counter 

FC family 
standard temperature range 

preliminary 

SYSTEM DESIGN DATA 

Uniform system temperature Tamb 0 to +75 °C 

Uniform system supply voltage Vp 5. 7 to 6. 3 V 

Available d. c. fan out Na _ 8 

D.C. noise margin 

to T input 
ML, min. 0.4 V 
MH min. 1.6 V 

to S input 
ML, min. 0, 4 V 
MH min. 1.6 V 

Average propagation delay time 
T input to Qg output tpd typ. 200 ns 

Clock rate fc max. 3.5 MHz 

Equivalent input capacitances 

for T input CT typ. 4 pF 

for S input CS typ. 4 pF 

Supply current (duty cycle 50%) Ipav max. 46 mA 

Power dissipation at Tamb = 75 ° C Ptot max. 270 mW 

4 pecember 1970 



preliminary FC family 
standard temperature range 

FC1141 
10-counter 

CHARACTERISTICS 

Tamb (° C) 

0 25 75 

Conditions and 
references 

Vp 

(V) 

STATIC DATA 
5. 7 

Output voltage LOW VQL max. 0.4 0.4 0.4 V and 
6. 3 

at: 
Output current LOW IQLmax 14.0 13.2 12.4 mA 5. 7 

IQLmax 16.0 15.2 14.4 mA 6.3 

Output voltage HIGH 

at: 

VQH min. 3, 8 3. 9 4. 1 V 5. 7 

Output current HIGH -IQH 100 100 100 ~A 5. 7 

Output voltage HIGH 
(lowest permissible) 

at: 

VQHp min. 3. 6 3, 3 3.0 V 5. 7 

Output current HIGH - IQHmax 0. 85 3. 3 5. 5 mA 5. 7 

Input current LOW -ITl, max. 1. 75 1.65 1.55 mA 5. 7 
-ISL max. 1.75 1.65 1.55 mA 5.7 
-ITL max. 2. 0 1.9 1. 8 mA 6.3 

VT = VS = 0. 4 V 

-ISL max. 2.0 1.9 1.8 mA 6.3 

Input current HIGH ITH max. 
ISH max. 

1.0 1.0 25.0 pA 5.7 VT=VS=5.3V 

Supply current Ipmax - 45 40 mA 6. 3 
r 
{ VT = 0 V 
11 VS =floating 

December 1970 



FC1141 
10-counter 

FC family 
standard temperature range 

preliminary 

CHARACTERISTICS (continued) 
Conditions and 

STATIC AND Tamb (° C) references 

DYNAMIC DATA VP 
0 25 75 (V ) 

Reset input active 5. 7 

HIGH level at S VSHmin 2.3 2.2 2. 1 V and 

to be present 

during tSHmin 100 100 140 ns 

6. .3 

Reset input inactive 5. 7 
LOW level at S VSLmax 1. 0 1.0 0. 8 V and 

6.3 

Change of state of the 

5.7 
master of the lowest 
order flip-flop 
HIGH level at T VTHmin 2.3 2.2 2. 1 V and 

to be present 

during tTHmin - 100 - ns 

6.3 

Change of state of the 

dt 

slave of the lowest 
order flip-flop 

Slope of falling 
edge at T ~- yd )Tmax 1 1 1 Ns/V 

5. 7 

LOW level at T ~1TLmax 1.0 1.0 0. 8 V and 

to be present 
during tTLmin 100 100 140 ns 

6.3 

Propagation delay 

times from T to Q3 

Propagation delay 

reference level Vpd 1. 5 V 

Rise propagation 

delay time tpdr max - 200 - ns 6.0 

Fall propagation 

delay time tpdf max - 200 - ns 6.0 

6 December 1970 



T INPUT l > 

preliminary FC family 
standard temperature range 

FCJ 141 
10 -counter 

CIIARACTERISTICS (continued) 

DY\AMIC DATA 

BV 

Vp=+6V 

to 

diodes FCY101 

CL2) = 60 pF 
Equivalent load for N = 6 

diodes FCY101 

CL,2) = 40 pF 
Equivalent load for N = 1 

1) The falling edge of the T input signals is max, 1 Ns/V 
2} Including jig and probe capacitance 

December 1970 





FC family 
standard temperature range 

FC1191 
dual flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

n 

DUAL JK MASTER-SLAVE FLIP-FLOP 

3 12 

Jt 
53 

9 Tt 

t0 Kt r 
4 Jy 

5 J3 

~ T2 a 
6 Kp  r 

5 

FF 

 6 

Ff 

Sy 

Qt 14 

Q2 13 

~3 t 

i Q4 2 

75 naeszs 

tzsson 

QUICK REFERENCE DATA 

Supply voltage 
Operating ambient temperature range Tamb 0 to +75 oC 

Clock rate 

Available d.c. fan -out 

Tamb - 0 to +75 °C 

D.C. noise margin 

Tamb - 25 °C 
Power consumption 

50~ duty cycle, Tamb - 25 °C 

fc

Na

ML

Pav 

typ. 

~ 

typ. 

typ. 

7 

8 

1.2 

100 

MHz 

V 

mW 

The FCJ191 comprises t<vo independent direct coupled JK flip-flops, operating on the 
master -slave principle.operation depends on voltage levels only, e.g. rise and fall 
times of all input signals including the trigger signal are immaterial. The set and 

reset inputs (overriding any other inputs) are active at the LOW level. Typical appli-

cations include counters and shift registers. 

PACKAGE OUTLINE 16 lead plastic dual in-line (type A). (See General Section) 
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FCJ191 
dual flip-flop 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 

,
D1
L 

(JyIF--~1 

J D2 

U 2IH ~~ 

T1
ITz)~-

D3 

511531 

R7 

R2 

D4 

~1 

D11 D12 D/3 

N /1 ►I 

D1 

RG 

D21 

D
`
23

~\ 

024 

D19 D25 

TRt 

~ R10 

D29 

R1< 

1~ I ~_ ~ 

R12 

T

R16 

R18 

TRB 

D 

7R9 

D5 

R1 

T D9 D10 

N /~ 

R9 
TR4 

TR 
TRS 

D6 

D7 
~~ 

DB 

'1 

R5 

D15 ~~ T 

Di6 D17 018 

R3 

R6 

TR3 

D20 

D26 

D27 

Rfl 

RI 

D22 

D28 

II 
D30 

R11 
R15 

iR 

  TR10 

D32 

TR11 

R19 

D~ 
~ID31 

 •0 

  Di
~ID~1 

LOGIC DIAGRAM (to MIL standard 806B) 

s, 
1531 

(J3)~--1 

IJ21 L  - . ~ • •. ~ ~~~ 

~~~ 

~~~ ~ 
~~~.~~~ 

• sZ
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FC family 
standard temperature range 

FCJ191 
dual flip-flop 

FUNCTION TABLES 

1. Trigger action via T terminal (each flip-flop) 

T =HIGH T =LOW 

Jl Kl Ql Q2 
7 K2 Q3 Q4 

H H reversed 
L H L H 
H L H L 
L L no change 

The information on J and K is transferred 
into the master by T becoming HIGH. 

When T subsequently goes LOW the outputs 
will assume the levels shown in the table. 
Inputs S1, S2 and S3 should be HIGH or 

floating. 

For the flip-flop with two J -inputs is J = J2 J3 for positive logic 

2. Set or reset via S terminals 

Sl S2 Q1 Q2 
S3 S2 Q3 Q4 

H ~. L H 

L H H L 

L L H H 

H H no change 

The set inputs override the other inputs 

and directly determine the outputs of the 

relevant flip-flop. 

H =HIGH state (the more positive voltage) 
L = LO~'J state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Supply voltage 

Output voltage 

Input voltage 

Output current 1) 

Input current 2) 

Voltage difference between any two inputs 

Storage temperature 

Operating ambient temperature 

t 

Vp max. 8.0 V 

VQ max. 8.0 V 

VJ, VK, V.r, VS max . 8.0 V 

-IQ max . 20 mA 

-IJ > -IK> -IT, -IS max. 20 mA 

max . 8.0 V 

~ stg -55 to +125 oC 

Tamb 0 to +75 oC 

1) For negative output voltage in LOW state. 
2) At this limit input voltage typ. : -1.5 V 

October 1969 



FCJ191 
dual flip-flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

Tam 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

to T input NaT 3 3 

to J or K input NaJ = NaK ~ 10 

to S input NaS2 2 

NaSl = NaS3 4 

to G input NaG 8 

D.C. noise margin 
~~ 

to T input ML min. 0.3 V 
MH min. 1,2 V 

to J or K input M L min. 0.7 V 

Mll min. 1,2 V 

to S input ML min. 0.3 V 
MH min. 1.9 V 

to G input ML, min. 0.4 V 
MH min. 1.5 V 

Average propagation delay time tpd max. 105 ns 

Maximum clock rate fc ~ 5 MHz 

Equivalent input capacitances 

for T input CT typ. 12 pF 

for J or K input CJ = CK typ. 4 pF 

for S input CS2 tYP• 16 pF 

CS1 = CS3 typ. 8 pF 

Supply current (duty cycle 50 0) 1) 1Pav typ. 16.8 mA 

Power dissipation at Tamb = 75 ° C 1) Ptot max. 150 mW 

1) Both flip-flops together 
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FC family 
standard temperature range 

FC1191 
dual flip-flop 

CHARACTERISTICS 

Tamb (°C) 
Conditions and 

references 

0 +25 +75 
v 
(V) 

STATIC DATA 

5.7 

Output voltage LOW VQLmax 0.4 0.4 0.4 V and 
6.3 

at: 
14.0 16.5 12.4 mA 5.7 

Output current LOW IQLmax 16.0 19.0 14.4 mA 6.3 

Output voltage HIGH VQHmin 3.8 3.9 4.1 V 5.7 IQ = -100 µA 

Output voltage HIGH 
(lowest permissible) 

at: 

VQHPmin 3.6 3.3 3.0 V 5.7 

Output current HIGH -IQHmax 0.85 3.3 5.5 mA 5.7 

Input current LOW - IJLmax~ 
I { - KLmax 

1.4 1.3 1.2 mA 
1.6 1. S 1.4 mA 

5.7 
6.3 

VJ = VK = 0.4 V; 
}other inputs 

floating 
4.0 3.8 3.5 mA 5.7 lVT=0.4V;other 

-ITLmax 4.5 4.2 3.9 mA 6.3 inputs floating 

5.7 5.5 5.2 mA 5.7 lVS = 0.4 V; other 
" IS2Lmax 6.6 6.3 5.8 mA 6.3 Jinputs floating 

-IS1Lmax 2.9 2.8 2.6 mA 5.7 lVS = 0.4 V; other 

-IS3Lmax 3.3 3.2 2.9 mA 6.3 Jinputs floating 

Input current HIGH IJHmax ~ 
IKHmax 

1 1 25 µA 5.7 
VJ = V K = 5.3 V 
other inputs 0 V 

ITHmax 3 3 75 µA 5.7 VT = 5.3 V 
other inputs 0 V 

IS2Hmax 4 4 100 µA 5.7 VS = 5.3 V 
other inputs 0 V 

IS3Hmax 
2 2 50 µA 5.7 

other i p is O V 

Supply current Ipmax - 26.7 - mA 6.3 T input LOW 
(both flip-flops 
together) 

J, K, S inputs 
HIGH 
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FCJ191 
dual flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb ~° C~ 

+25 +75 

Conditions and 
references 

~V) 
fig. 

5.7 

DYNAMIC DATA and 
6.3 

Change of state 

VTHmin HIGH level at T 
Input voltage HIGH 

during: 

VJHmin 
VKHmin 

2.6 2.3 1.9 V 
and Jand/or K to 
be present simui-
taneously 

1

Input time HIGH 

to: 

tTHmin 60 60 60 ns 1 

T-input voltage LOW VTLmax 1 .0 1.0 0.7 V tTLmin = tpdf 1

No change of state 
LOW level at J 
and K to be pre -

J/K input voltage LOW VJLmax
VKLmax 

1.6 1.4 1.1 V 
sent prior to T 
turning HIGH and 
to remain present 
during T is HIGH 

2 

Clock skew protection 

Hold time thold max 10 10 10 ns 2 

Reset 

S input voltage LOW VSLmax 1 .0 1.0 0.7 V J active 

l tSLmin = tpdf 

3

S input voltage HIGH VSHmin 1.9 1 .8 1.6 V inactive 

DYNAMIC DATA 

Propagation delay 
tunes from T to Q 

Rise propagation 
delay bale 

t pdr max — 9C — ns 6.0 J Vpd - 1 ~ 5 ~~ l N = 1; C L = 60 pF 
4 

V pd = 1.5 

Fall propagation _ _ N = 8; CL = 60 pF 
4 

dela time Y 
tpdf max 120 ns 6.0 

other output: 
N=1; CL=60 pF 

6 October 1969 



FC family 
standard temperature range 

FC1191 
dual flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

~iM _ tTl 

T INPUT 1 ~' 

J or K 
v~"m° ~~ INPUT j~ v Hm~~ 

~t try 

Fig. 1. Waveforms illustrating conditions for change of state. 

T INPUT 

vTLma. 

c,~„

J or K INPUT 
~JLma./ VKL mo. 

Fig. 2, Waveforms illustrating conditions for no change of state. 

boa 
VSLma. 

Sy INPUT 

S 1 or S3 INPUT 

QI orQ30UTPUT 
D2 or Q4 OUTPUT 

Fig. 3. Waveforms illustrating conditions for set or reset. 

October 1969 i 



FCJ191 
dual flip-flop 

FC family 
standard temperature range 

—~ 

CHARACTERISTICS (continued) 

DYNAMIC DATA ~ tT„~fione

ev 

pulse 

generator 

av 

Q ~ and Q 2 OUTPUTS 

 O FF 

FF 

VP-+6V 

90% 

T INPUT 

~o i 
r -15ns 

Vp=+6V 

Diodes FCY101 
Equivalent load for N = 8 and 
CL1)=60pF 

Vp 6V 

Diodes FCY101 
Equivalent load for N = 1 and 

CL1)=60pF 

Fig. 4. Waveforms and loading circuits illustrating measurement of tpdr and tp~ . 

1) Including probe and jig capacitance 

November 1970 



FC family 
standard temperature range 

FC1201 
flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

SINGLE JK MASTER-SLAVE FLIP-FLOP 

2 Jt 

~ Q7 72 
r~ 

3 Jp 

73 J3 
4 T 

FF 

i,

Q2 70 

5 K7 
Q 

6 K2 

9 K3 

52 
'124!9. 8 

© ® ® m m' 0 0 
J3 J3 Q1 RC. Q2 K3 52 

~ FCJ201 

57 J7 J2 T K7 Kp P 

0 © © 0 © ~ 0 
'1255012.1 

QUICK REFERENCE DATA 

Supply voltage 
Operating ambient temperature range 

Vp 

Tamb 

6.0 t 5°~o
0 to +75 

V 
oC 

Clock rate fc typ. 5 MHz 

Available d.c. fan out 

Tamb - 0 to +75 ° C Na 8 
D.C. noise margin 

Tamb = 25 oC ML typ. 1.2 V 
Power consumption 

50°~o duty cycle, Tam = 25 oC Pav typ. 67 mW 

The FCJ201isa direct-coupledJK flip-flop, operating on the master-slave principle, 
Operation depends on voltage levels only, i.e. rise and fall times of all input signals, 
including the trigger signal, are immaterial . The J, K and T inputs are logically equiv-
alent, allowing the use of J and K for triggering. The direct set inputs (overriding 
any other inputs) are active at the LOW level. 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A) . (See General Section) 
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FCJ201 
flip-flop 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 

D2 

3t ~~ 

D3 

Tz ~~ 

D4
`

33 ~\ 

DS 

 ~~ 

D6 

T F—

R3 

R4 

TRt 

~TR3 

TR4 

~D7 

D6 
 ~~ 

J
D9

Ki ~~ 

D10 

K2 ~-~~ 

D11 

Ky~ ~f 

Dig 
5, ~ I/ 

RS 

R6 

R2 

1 

1 

TR2 

  TRS 

~TR6 

R11 

D,5 

~\ 
D16 

Ri3 

R11 TR13 

R15~ 

R16 

RT9 

TR15 

R12 

D77 

l~ 

Dte 

 ~t 

4 

R17 

R78 

~TRt2 TR14 

TR16 

 • D~ 

 •~ 

R20 

LOGIC DIAGRAM (to MIL standard 806B) 

T• 

5Z• 

Ki

KZ

K3~—

—s u 

o~o.t 

 • Dz
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FC family 
standard temperature range 

FCJ201 
flip-flop 

FUNCTION TABLES 

1. Trigger action via T terminal (each flip-flop) 

T =HIGH T = LOW 

J K Q1 Q2 
H H reversed 
L H L H 
H L H L 
L L no change 

The information on J and K is transferred 
into the master by T becoming HIGH. 
When T subsequently goes LOW the outputs 
willassumethelevels shown in the table. 
Inputs SI and S2 should be HIGH or float-
ing. 

J = Jl•J2•J3: K = K1.K2.Kg (for positive logic) 

2. Trigger action via J and K terminals 

J K Q1 Q2 

H-+L X H L 
X H~L L H 

H-iL H-►L reversed 

J = J 1 J2 .J3; K = Kl .K2 .K3
(for positive logic) 

3. Set or reset via S terminals 

S1 S2 Q1 Q2 

H L L H 
L H H L 
L L indeterminate 
H H no change 

If J or K go LOW with T HIGH, Q l  and Q2
assume the state shown. If both J and K go 
LOW with T HIGH, the outputs of Q 1 and 
Q2 are reversed (exactly as if J and K 
remained HIGH and T were triggered). 
When triggering on J and K the T input 
requirements VTH and VTL (see CHAR-
ACTERISTICS) apply to J and K. 
Sl and S2 should be HIGH or floating. 

The set inputs override the other inputs 
and directly determine the output of the 
flip-flop. 
In the case of both set inputs going LOW 
the first to reach LOW will determine the 
output conditions. 

H = I-IIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state is immaterial 

RATINGS (Limiting values) 1) 

Supply voltage Vp max. 8.0 V 
Output voltage VQ max. 8.0 V 
Input voltage VJ, VK, VT, VS max. 8.0 V 
Output current 2) -IQ max. 20 mA 
Input current 3) -IJ, -IK, -I-r, -IS max. 20 mA 
Voltage difference between any two inputs max. 8.0 V 
Storage temperature Tstg -55 to +125 oC 
Operating ambient temperature Tam 0 to +75 °C 

1) Limiting values according to the Absolute Maximum System as defined in IEC 
publication 134. 

2) For negative output voltage. 
3) At this limit input voltage type.: -1.5 V. 
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FC1201 
flip-flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

Tamb 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

to T input NaT 4 

to J or K input NaJ - NaK 8 

to S input NaS 3 5 

to G input NaG 8 

D.C. noise margin 

to T input M L min. 0. 5 V 
MH min. 1,9 V 

to J or K input M L min. 0.9 V 
MH min. 1.9 V 

to S input ML min. 0.4 V 
MH min. 1.9 V 

to G input ML min. 0.4 V 
MH min. 2.3 V 

Average propagation delay time tpd max. 150 ns 

Maximum clock rate fc 3 MHz 

Equivalent input capacitances 

for T input CT typ. 8 pF 
P 

for J or K input CJ = CK typ. 4 pF R 

for S input CS typ. 8 pF 

Supply current (duty cycle 50%) 1Pav tYP• 11.2 mA 

Power dissipation at Tamb - 75 ° C Ptot max. 110 mW 

4 December 1968 



FC family 
standard temperature range 

CHARACTERISTICS 

FCJ201 
flip -flop 

0 

Tamb (°C) 

+25 +75 

Conditions and 
references 

VP 
(V) 

STATIC DATA 

5.7 
Output voltage LOW VQLmax 0.4 0.4 0.4 V and 

6.3 
at: 

14.0 13.2 12.4 mA 5.7 Output current LOW IQLmax 16.0 15.2 14.4 mA 6.3 

Output voltage HIGH VQHmin 5.3 5.4 5.3 V 5.7 IQ = 0 

Output voltage HIGH 
(lowest permissible) 

at: 

VQHPmin 3.9 3.5 2.8 V 5.7 

Output current HIGH -IQHmax 350 450 550 µA 5.7 

VJ = VK = 0.4 V; Input current LOW -IJLmax~
{ 

1 .75 1.65 1.55 mA 5.7 other inputs 
-1KLmax 2.0 1.9 1.8 mA 6.3 

floating 
3.5 3.3 3.1 mA 5.7 lV = 0.4 V;other 

-ITLmax 4.0 3.8 3.6 mA 6.3 Jinputs floating 

2.7 2.6 2.4 mA 5.7 1V 0.4 V;other 
-ISLmax 3.0 2.9 2.7 mA 6.3 Jinputs floating 

Input current HIGH IJHmax~ 
IKHmax 

1 1 25 µA 5.7 
VJ = VK = 5.3 V 
other inputs 0 V 

ITHmax 2 2 50 µA 5.7 
V-1- = 5.3 V 
other inputs 0 V 

ISHmax 2 2 50 µA 5.7 
o her5i puts O V 

Supply current Ipmax - 20 - mA 6.3 J, K, S,T inputs 
HIGH 

I 
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FC1201 
flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

Tam (oC) 

0 +25 +75 

Conditions and 
references 

~V) 
1'ig. 

DYNAMIC DATA 
5.7 
and 
6.3 

Change of state 

VTHmin HIGH level at T 
Input voltage HIGH 

during: 

V Hmin J 
VKHmin 

3. 1 2. 9 2. 5 V 
and J and/ or K to 
be present simul-

1 

T-input time HIGH tTHmin 100 100 100 ns taneously 1 

to: 
Input voltage LOW VTLmax 1.3 1.1 0.9 V t TLmin = tpdr 1 

No change of state 
LOW level at ]and 
K to be present 

JK input voltage LOW VJLmax 1.,8 1.6 1.3 V 
prior to T turning 

2 
VKLmax HIGH and to re-

mainpresent dur-
ing T is HIGH 

Clock skew protection 

Hold time tholdmax 20 20 20 ns 2 

Set or Reset 

1.2 1.0 0.8 V J active 3 S input voltage LOW VSLmax 
ltSLmin = tpdr 

S input voltage HIGH VSHmin 3. 1 2.9 2.5 V inactive 

DYNAMIC DATA 

Propagation delay 

times from T to Q 

Vpd = 1.5V 

Rise propagation 
delay time 

t pdrmax - 200 - ns 
N = 1; CL = 60 pF 
other output 

4 

N=B; CL =56pF 

Fall propagation 
delay time 

tpdf max - 100 - ns 
tN a  8; C 5 

V 
56 F L P 

4 

6 October 1969 



FC family 
standard temperature range 

FCJ201 
flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

~TX _.._ LiL 

~TMinin 

~ ~~,~m.~ 
NMmin 

T INPUT 1 

--- J 

\ JorK ~'~ 
INPUT 

— — 

Fig. 1. Waveforms illustrating conditions for change of state. 

T INPUT 

~-~TL me. 

~ J or K INPUT t 
~nmo./ VKi ma. 

l 

Fig. 2. Waveforms illustrating conditions for no change of state. 

LSL 

SL 

~Pa 

 f 
Sl or Sy INPUT 

Fig. 3. Waveforms illustrating conditions for set or reset. 

November 1970 
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FC1201 
flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

tr„>ioo~s tr,>soo~: 

6V 

oV 

v.„m~~ 

Vv~ VTIm°. 

90°/° 

~— 10°l. 

t.+15ns 

TINPUT 

QI and Q2 OUTPUTS 

90% 

  tOWe 

t,=ISns 

t va/ 

y.=+6v 

to Qi a ~z

d 

Vv=+6Y 

diodes FCY101 

l;quivalent load for N = 8 and 

CL1) =56 pF 

to D, or O Z

0 

Vp=+6V 

diodes FCY101 

L'quivalent load for N = 1 and 
CL,1)=60pF 

Fig. 4. Waveforms and loading circuits illustrating measurement of tpdr and ti~~ . 

1) Including probe and jig capacitance 
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FC family 
standard temperature range 

FC J 211 
dual flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

9 

DUAL JK MASTER SLAVE FLIP-FLOP 

3 10 

J~ 
53 ~St Qt 

e 

4 

6 

K~ 

T 

.a 

5 Ky 

FF 

FF 

t2 

11 

t 

04 2 

SZ 
13 naN7t 

1Z 55013 

QUICK REFERENCE DATA. 

Supply voltage Vp 6.0 ± 5~ V 
Operating ambient temperature range Tamb 0 to + 75 oC 

Clock rate fc typ. 7 MHz 

Available d.c. fan -out 

Tamb - 0 to +75 °C Na > 8 
D.C. noise margin 

Tamb - 25 oC ML typ. 1.2 V 
Power consumption 

50°~o duty cycle, Tamb - 25 °C Pav typ• 100 mW 

The FCJ211 comprises two independent direct -coupled JK flip-flops, operating on the 
master-slave principle. Operation depends on voltage levels only, i.e. rise and fall 
times of all input signals, including trigger signals, are immaterial. The set and 
reset inputs (overriding any other inputs) are active at the LOW level . Typical appli -
cations include synchronous counters and shift registers. 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A) (See General Section) 
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FC 1211 
dual flip-flop 

FC family 
standard temperature range 

CIRCUIT DIAGRAM 

Ji

Uzl~ 

D1 

~1 

D2 

R2 

D3 

~t 

010 D11 DI2 

N ►I ►I 

o~l 
R4 

R7 

D20 

D22 

It 

D23 

D16 D24 

TR1 

R14 

R10 

TD
R72 

T

1 TR 

R16 

Rib 

  TRB 

D30 

TR9 

D4 T D6 D9 

►~ 

TR4 
R9 

~2 
T—J R5~ 

R6 

D5 

D6 

I, 

K D7 

(Ki ll  I' 

D1
`
4

►1 
T

RS 

D15 D16 D17 

R3 

RB 

TR3 

D25 

~/ 
D19 

D26 

p ~ ~1 

D27 

~t 

Ri3 

►~ 
029 

R11 

R17 

R15 

TR7 

LOGIC DIAGRAM(to MIL standard 806B) • Sz

D. 
ID31 

D2 
1D41 

Oi

ID31 

  TR10 

  01
~ID~I 

D31 

TR71 

R19 

rzssme ~.  •P 
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FC family 
standard temperature range 

f=C 1211 
dual flip-flop 

FUNCTION TABLES 

1. Trigger action via T terminal (each flip-flop) 

T =HIGH T =LOW 

JI KI QI Q2 
J K2 Q3 Q4 

H H reversed 
L H L H 
H L H L 
L L no change 

2. Set or reset via S terminals 

S1 S2 Q1 Q2 
S3 S4 Q3 Q4 

H L L H 
L H H L 
L L H H 
H H no change 

The information on J and K is transferred 
into the master by T becoming HIGH. 
When T subsequently goes LOW the outputs 
will assume the levels shown in the table. 
Inputs S1, S2 and S3 should be HIGH or 
floating. 

The set inputs override the other inputs 

and directly determine the outputs of the 
relevant flip-flop. 

H =HIGH state (the more positive voltage) 

L =LOW state (the less positive voltage) 

RATINGS Limiting valuesinaccordancewiththeAbsolute MaximumSystem(IEC134) 

Supply voltage 

Output voltage 

Input voltage 

Output current 1) 

Input current 2) 

Voltage difference between any two inputs 

Storage temperature 

Operating ambient temperature 

Vp max. 8.0 V 

VQ max . 8.0 V 

VJ, VK, VT, V8 max. 8.0 V 

-IQ max . 20 mA 

-IJ, -IK, -IT> -IS max . 20 mA 

max. 8.0 V 

Tstg -55 to +125 °C 

Tamb 0 to -~75 oC 

1) For negative output voltage in LOW state. 

" 2) At this limit input voltage typ. -l. 5 V. 
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FCJ211 
dual flip-flop 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Uniform system temperature 

Uniform system supply voltage 

Available d. c. fan out 

Tamb 

Vp 

0 to +75 

5.7 to 6.3 

oC 

V 

to T input NaT ~ 1 

to J or K input NaJ = NaK ~ 10 

to S input NaS2 2 

NaSl = NaS3 4 

to G input NaG ~ 8 

D.C. noise-margin 

to T input M L min. 0.3 V 
MH min. 1.2 V 

to J or K input ML min. 0.7 V 
Ml.l min. 1.2 V 

to S input ML min. 0.3 V 
MH min. 1.9 V 

to G input ML min. 0.4 V 
MH min. 1.5 V 

Average propagation delay time tpd max. 105 ns 

Maximum clock rate fc ~ 5 MHz 

Equivalent input capacitances 
t 

for T input CT typ. 24 pF i 

for J or K input CJ = CK typ. 4 pF 
i 

for S input 
CS2
CS1 = CS3

typ, 
typ. 

16 
8 

pF 
pF 

Supply current (duty cycle 50~) 1) IPav typ. 16.8 mA 

Power dissipation at Tamb = 75 oC 1) Ptot max. 150 mW 6 

1 
r 

1) Both flip-flops together 
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FC family 
standard temperature range 

FC 1211 
dual flip-flop 

CHARACTERISTICS 

Tamb ~° C) 

0 +25 +75 _ 

Conditions and 
references 

V 
(V) 

STATIC DATA 

5.7 
Output voltage LOW VQLmax 0.4 0.4 0.4 V and 

a t: 
6.3 

Out ut current LOW p I 14.0 16.5 12.4 mA 5.7 
QLmax 16.0 19.0 14.4 mA 6.3 

Output voltage HIGH VQHmin 3.8 3.9 4.1 V 5.7 IQ = -100 µA 

Output voltage HIGH 
(lowest permissible) 

at: 

VQHPmin 3.6 3.3 3.0 V 5.7 

Output current HIGH - IQHmax 0.85 3.3 5. S mA 5.7 

Input current LOW - JLmax~ 
{ 

1.4 1.3 1.2 mA 5.7 other np 
Os4V; 

- IKLmax 1.6 1.5 1.4 mA 6.3 
floating 

8.0 7.6 7.0 mA 5.7 1VT=0.4V;other 
-ITLmax 9.0 8.4 7.8 mA 6.3 inputs floating 

5.7 5.5 5.2 mA 5.7 1VS = 0.4 V; other 
-IS2Lmax 6.6 6.3 5.8 mA 6.3 Jinputs floating 

- IS1Lmax' I 2.9 2.8 2.6 mA 5.7 1 VS=O.4V; other 

-1S3Lmax l 3.3 3.2 2.9 mA 6.3 (inputs floating 

Input current HIGH IJHmax ~ 
IKHmax 

1 1 25 µA 5.7 
VJ - VK - ~' 3 V 
other inputs 0 V 

ITHmax 6 6 150 µA 5.7 VZ- = 5.3 V 
other inputs 0 V 

1S2Hmax 4 4 100 µA 5.7 VS =5.3 V 
other inputs 0 V 

- IS1Hmax VS = 5.3V 

-1S3Hmax 
2 2 50 µA 5.7 other inputs 0 V 

Supply current Ipmax - 26.7 - mA b.3 T input LOW 
(both flip-flops 
together) 

J, K, S inputs 
HIGH 

October 1969 5 



FC J 211 
dual flip-flop 

FC family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb (°C} 

+25 +75 

Conditions and 
references 

~V) 
fig. 

5.7 

DYNAMIC DATA and 
6.3 

Change of state 

VTHmin HIGH level at T 
Input voltage HIGH 

during: 

VJHmin 
VKHmin 

2.6 2.3 1.9 V 
and Jand/or K to 
be present simul-
taneously 

1

Input time HIGH 

to: 

tTHmin 60 60 60 ns 1 

T-input voltage LOW VTLmax 1 .0 1 .0 0.7 V tTLmin = tpdf 1

No change of state 
LOW level at J 
and K to be pre-

J/K input voltage LOW VJLmax
VKLmax 

1.6 1.4 1.1 V 
sent prior to T 
turning HIGH and 
to remain present 
during T is HIGH 

2 

Clock skew protection 

Hold time thold max 10 10 10 ns 2 

Reset 

S input voltage LOW VSLmax 1 .0 1 .0 0.7 V J active 

l tSLmin = ipdf 

3

S input voltage HIGH VSH~nin 1 .9 1 .8 1 .6 V inactive 

D1'\A~lIC DATA 

Propagation delay 
times from T to Q 

Rise propagation 
delay time 

t pdr max — 90 — ns 6.0 
Vpd = 1.5 V 
N = 1; C L = 60 pF 

4 

Vpd = 1.5 

Fall propagation 
delay time 

t 
pdfmax — 120 — ns 6.0 ~ - 8' CL = 60 pF 

other output: 
4 

N=1; CL=60 pF 

6 October 1969 



FC family FCJ211 
standard temperature range dual flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

LTX _.._ LTL 

STN 

~wXmm 
VKMm~n 

T INPUT 

J or K 
INPUT 

Fig. 1. Waveforms illustrating conditions for change of state. 

c,„„ 

T INPUT 

~nmo. 

~ J or K INPUT 
V1Lmoa/ VKL ma. 

Fig. 2. Waveforms illustrating conditions for no change of state. 

boa 

tSL / 
I I 

VSlmo. 

t va. 

Boa 

S2 INPUT 

S~ or S3 INPUT 

,~„o,. 

Fig. 3. Waveforms illustrating conditions for set or reset. 

Q 1 or Q3 OUTPUT 

Q 2 or Qq OUTPUT 

October 1969 7 



FC J 211 
dual flip-flop 

FC family 
standard temperature range 

CH .RACTERISTICS (continued) 

DYti~MIC DATA tT„~fions 

pulse 

6V 

ov 

YTNmrn 

~TLm°I 

i T~3120ns 

90% 

10°le 

tf=I6ns 

O~ and QZ OUTPUTS 
Vva 

FF 

FF 

,~,,,., 

VP_+6V 

tpar 

— 90°b 

T INPUT 
 pow° 
i t =ISns 

tper 

Vo=+6V 

600Q 

t° °''°'~ 11 ►HI 
60pF~ 6kS2 

T 7...~,T 
Diodes FCY101 
Equivalent load for N = 8 and 
CLl)=60pF 

to 0/0 3 f

Or 07JOi

60pF 

m~ T

Vp 

LkS2 

6V 

Hll

6k4 1 
TT~,,,~~ 

Diodes FCY101 
Equivalent load for N = 1 and 
CL,1) = 60 pF 

Fig. 4. Waveforms and loading circuits illustrating measurement of tpdr and 
tP~ 

1) Including probe and jig capacitance 
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preliminary FC family 
standard temperature range 

FCJ221 
quadruple flip-flop 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommunica-
tion and industrial control. 

13 o, ,z 
FF --0 

d 

~Z 14 

10 ~3 9 
O 

~--0 FF 

11 
15 T 

Q 

6 ~5 5 
O 

tiQ FF 

4 6 7 

3 D7 2 a 
FF 

~a 4 

QUADRUPLE LATCH FLIP-FLOP 

7255019.1 

PACKAGE OUTLINE 

16 lead plastic dual in -line (type A) 

See General Section 

QUICK REFERENCE DATA 

25 

Vp 6.0 ± 5~ V 

range Tamb 0 to +75 °C 

fc typ. 5 MHz 

Na _ 10 

ML typ. 1.2 V 

°C Pav typ. 250 mW 

Supply voltage 

Operating ambient temperature 

Clock rate at Tamb = 25 ° C 

Available d. c. fan out 

Tamb = 25 ° C 

D. C, noise margin 
0 

Tamb = 25 C 

Power consumption 
50~ duty cycle, Tamb = 

The FCJ221 is a quadruple latch flip-flop with D inputs, a common clock (T) and a 
reset input (S2). 
A LOW input signal at D arrives after the last T signal goes HIGH at output Q1. 
The information follows after a LOW signal at the T input. 
It is possible to influence the output state of the flip-flop. 
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FCJ221 
quadruple flip-flop 

FC family 
standard temperature range 

preliminary 

C
IR

C
U

IT
 D

IA
G

R
A

M
 

d 
0 

rc

r 

rc

~o 0 

o _ 
--~a-'-'— -~~ 

o
--~~-----►1—

o~ 

s~ 
0 
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preliminary FC family 
standard temperature range 

FCJ221 
quadruple flip-flop 

LOGIC DIAGRAM 

--

LOGIC FUNCTION 

Function tables 

~--

to to+1 `~ 2 Q1 H =HIGH state (the more positive voltage) 

D Q1 H H 
L =LOW state (the less positive voltage) 
to =bit time before trigger pulse 

H L X to+1 =bit time after trigger pulse 

L H 
X =state is immaterial 

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134) 

Supply voltage at Tamb ~ 40 °C Vp max. 8 V 

Output voltage VQ max. 8 V 

Input voltage VG max. 8 V 

Input current —ID ; —IT; —I32 max. 20 mA 1) 

Storage temperature Tstg —55 to +125 °C 

Operating ambient temperature Tamb 0 +75 °C 

1) At negative input voltage 

December 1970 3 



FC1221 
quadruple flip-flop 

FC family 
standard temperature range 

preliminary 

SYSTEM~DESIGN DATA 

Uniform system temperature Tamb 0 to +75 ° C 

Uniform system supply voltage Vp 5. 7 to 6. 3 V 

Available d. c, fan -out Na ~ 10 

D.C. noise margin 
to D input 

( MDL 
MDH 

min. 
min. 

0. 2 
3.0 

V 
V 

to T, Sz input MTL; MS2L min. 0. 3 V 

MTH; MS2H min. 3. 1 V 

Supply current IPav max. 47 mAl) 

Power dissipation at Tamb = 75 ° C Ptot max. 300 mW 

1) Input open and VD = 0 V 

4 December 1970 



preliminary FC family 
standard temperature range 

FCJ221 
quadruple flip-flop 

CHARACTERISTICS 

STATIC DATA Tambt° C) 

0 25 75 

Conditionsandxeferences 

Vp 
(y) 

Output voltage LOW VQLmax 0.4 0.4 0.4 V 5. 7 
and 

at: 
6. 3 

Output current LOW IQLmax 
17.5 
20.0 

16.5 
19.0 

15.5 
18.0 

mA 
mA 

5. 7 
6. 3 

Output voltage HIGH VQHmin 5. 3 5. 3 5. 3 V 5. 7 -IQ = 0 

Input voltage LOW 5.7 

D VDLmax 0.9 0.8 0.6 V and 
6.3 

5. 7 
T; S2 VTLmax 1.0 0.9 0.7 V and 

VS2Lmax 6. 3 

Input voltage HIGH 5. 7 

D VDHmin 2.3 2.2 2.1 V and 
6.3 

5.7 

T; S2 VTHmin 2 2 2. 1 2.0 V and 
VS2Hmin 6.3 

Input current LOW 
D -1DLmax 2.55 2. 5 2. 45 mA 5. 7 VD = 0.4 V 

T; S2 -1TLmax 
-IS2Lmax 

1.75 1.65 1.55 mA 5, 7 VT =VS2 = 0.4 V 

D -IDLmax 2. 85 2. 8 2.75 mA 6.3 VD = 0.4 V 

T; S2 "ITLmax 2.0 1.9 1. 8 mA 6.3 VT =VS2 = 0.4 V 
-IS2Lmax 

Input current HIGH 
D IDHmax 2 2 50 pA 6.3 VD = Vp 

T; S2 ITHmax 1 1 25 NA 6.3 VT =VS2 =Vp 
1S2Hmax 

Output current 
changing output 
state 

Q1 -IQlmax 4. 2 4.05 3. 75 mA 6.3 
,V = 0.4 V 

Q Q2 -IQ2max 6.3 6.1 5.65 mA 6.3 

Supply current Ipmax - - 47 mA 6.3 VD = 0 V; T and S2 

ruts open 

December 1970 5 



FCJ221 
quadruple flip-flop 

FC family 
standard temperature range 

preliminary 

CHARACTERISTICS 

Tamb (° C) 

0 25 75 

Conditions and references 

Vp 
(V) 

STATIC DATA 

D.C. noise margin 
LOW: D MDLmin 0.5 0.4 0.2 V 

T; S 2 
MTLmin ~ 
MS2Lmin~ 

0.6 0.5 0.3 V 

HIGH: D MDHmin 3.0 3.1 3.2 V 

T; S2 
MTHmin ~ 3. 1 3.2 3.3 V 
MS2Hmin 

DYNAMIC DATA 
Input time LOW 5.7 

T tTLmin - 100 - ns and 
6.3 

Input time. HIGH 5. 7 
T tTHmin - 70 - ns and 

6.3 
Input time LOW 5. 7 

S2 tS2Lmin - 100 - ns and 
6.3 

S2 (changing 5.7 

output state) tS2Lmin - 100 - ns and 
6.3 

Set-up times: 5 7 
tl tsulmin - 0 - ns 

and 
t2 tsu2min - 30 - ns 

6.3 
Propagation delay 

times: 

Rise propagation 
delay times 
'I'—a Q1 tpd~nax - 95 - ns 6.0 

1N = 1; CL = 40 pF 
'I'--' Q2 tpdrmax - 105 - ns 6.0 

= 1.5 V 
S2 y Q2 tpdrmax - 85 - ns 6.0 

J}Vpd 

Fall propagation 
delay times 

T—► Q2 tpditnax - 120 - ns 6.0 
l 
jV - 8 ~ 1.5 V 

70 pF 

Sty Q2 tpdfmax - 60 - ns 6.0 J pd

6 December 1970 



preliminary FC family 
standard temperature range 

FC1221 
quadruple flip-flop 

CHARACTERISTICS (continued) 

6V 

T INPUT 

OV— 

6V 

D INPUT 

OV—

Vpd 

15ns 

90% 

d 

f 

50°% 

10% 

L TL 

15ns f 

~ LTM 

t 

bpd 

f— tp —► 7255753 

Waveform illustrating conditions for change of state 

T INPUT 

O~OUTPUT 

Op OUTPUT 

d 

t — LPdf ~ 

f Lpdri 

Vpd 

Vpd 

Waveforms illustrating tp~ and tp~ 

7 Z 55755 
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FCJ221 
quadruple flip-flop 

FC family 
standard temperature range 

preliminary 

CHARACTERISTICS (continued) 
~ 15ns 

6V 

5 INPUT 

OV—

O~ OUTPUT 

OZ OUTPUT 

d 

r 

~— tPdf —► 

~ Ypdry 

bpd 

Vpd 

"2 5 5'151 

7Z 55t5~ 

diodes FCY101 

N=1 

diodes FCY101 

N=8 

Waveforms and loading circuits illustrating measurement 
of tp~. and tp~. 

1) Including jig and probe capacitance. 
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FC family 
standard temperature range 

FCK111 
monostable 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommunica-
tion and industrial control. 

MONOSTABLE MULTIVIBRATOR 

,4 ,3 ,~ „ ,o n n 
g D2 n.c. Gp Gt ~~ n.c. 

FC K 111 

E G3 B A C D P 

nsss~e 

IZ48932 

QUICK REFERENCE DATA 

Supply voltage 
Operating ambient temperature 
Propagation delay time Gl~Q l

Tam = 25 oC at Vpd = 1. 5 V G8—+Q2
Output pulse width: 

Rt = 10 k2 ± 1 ~; Ct = 160pF ± 1 ~ 

Vp 
Tam 

tpdf 
tpdf 

tQ1L 

6.0 
0 to 

typ. 
typ. 

typ. 

± 5~ V 
+75 °C 

70 ns 
40 ns 

1.0 µs 

Available d. c. fan-out 
Q1 Na > 14 

T 0 to +75 oC Q2 
amb = I A 

D. C. noise margin 
Tam = 25 °C 

Power consumption 
50 ~ duty cycle, Tamb = 25 ° C 

Na 
Na

ML 

Pav

? 
= 

typ. 

typ. 

14 
1 

1.2 V 

58 mW 

PACKAGE OUTLINE: 14 lead plastic dual in -line (type A) (See General Section) 

The FCK111 comprises a threshold triggered monostable circuit and an independent 
expandable inverter. 
The monostable function is obtained by an externally connected resistor and capaci-
tor. Each time one of the inputs Glor G2 is going LOW a negative going pulse appears 
at output Q1. 
The pulse width is adjustable over a very wide range by varying the resistor and ca-
pacitor values. 
If the input (Gg) of the inverter is connected to A a positive going pulse is obtained 
at the output Q2, almost coinciding and practically having the same width as the 
output pulse Q1, provided that the width of the input pulse does not exceed the width 
of the output pulse. The outputsQl andQ2 are bi-directional and have a high fan -out 
drive capability. 
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FCK111 
monosta hl  e 

FC family 
standard temperature range 

GAO 

CIRCUIT DIAGRAM 

.l I 
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~z 

TR12 

R17 

?Z 55580 

1. Terminals C and D make the circuit compatible with the FCK101. 
2. To ensure conformity with the characteristics given in the data sheets, terminal 

C must be connected to terminal ¢. 
If terminals C and ¢ are not interconnected, the output pulse can be shortened by 
connecting a diode or a voltage sourceto C (positive to ¢); however, this will alter 
a number of characteristics, including special input levels and output level A. 

3. The noise margin for a. c. disturbances at the trigger inputs G1 and GZ can be 
increaseH by connecting a capacitor between terminals C and D, but this reduces 
the minimum operating frequency. 

LOGIC DIAGRAM 

G~~ GZ

G30 

EO 

A B 
O O 

~./  ✓ ✓ 
D--oa~ 

 O 4y 

?2555?9 
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FC family 
standard temperature range 

FCK111 
monostable 

RATINGS Limiting values in accordance with the Absolute Maximum System(IEC 134) 

Supply voltage 

Output voltage 

Input voltage 

Output current 

Input current 

Voltage difference between 

VP

VQ

VC

-IQ 

-IC

max. 

max. 

max. 

max. 

max. 

8.0 

8.0 

8.0 

20.0 

20.0 

V 

V 

V 

mA 1) 

mA 2) 

any two inputs 
max. 8. 0 V 

Expander input voltages: 
- with respect to supply VP-VE max. 8. 0 V 
- with respect to other inputs VG-VE max. 8. 0 V 

Expander input current IE max. 5. 0 mA 

Storage temperature Tstg -55 to +125 oC

Operating ambient temperature Tamb 0 to +75 oC

Output short circuit duration 
(duty cycle 10 0, either 
output, or both) 

tQsc max. 60 ms 

Timing resistor (Rt connectedto 6. 3 V) Rt
min. 5 kS2 
max. 20 k~2 

Timing capacitor Ct
max. 160 µF 

3) min. 30 pF 

1) for negative output voltage in LOW state. 

2) at this limit, input voltage typ: - 1. 5 V. 

3) Ct min 30 pF is not a rating, but is to be considered as the minimum value at 
which the circuit still performs its function. 

December 1970 3 



FCK111 
monostable 

FC family 
standard temperature range 

SYSTEM DESIGN DATA 

Tamb 

Vp 

0 to +75 

5. 7 to 6. 5 

°C 

V 

Uniform system temperature 

Uniform system supply voltage 

Q1 Na 14 

Available d. c. fan-out Q2 Na 14 

A Na 1 

D.C. noise margin FCK111—agate ML min. 0. 4 V 
MH min. 1. 2 V 

gate —+FCKl l l ML min. 0. 4 V 
MH min. 1. 8 V 

Propagation delay time: G1-~Q 1 tp~ max. 170 ns 

Gl—+Q2 tpdr max. 200 ns 
Gg—aQ2 tpdr max. 120 ns 

t'3—a Q2 tpdf max. 55 ns 

Equivalent input capacitance CG typ. 4 pF 

Supply current 

(duty cycle 50 ~) 1Pav typ. 10.9 mA 

Power dissipation 
at Tam = 75 ° C ptot max. 98 mW 

Relative change of outputpulse 
width vs supply voltage 

see page 10 

Output pulse width vs timing 
capacitor (Ct) 

see page 10 
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FC family 
standard temperature range 

FCK111 
monostable 

CHARACTERISTICS : (pinC connected to pin ~) 

STATIC DATA Iamb (oC) 

0 25 75 

Conditions and References 
Vp 
(V) 

Output Q1
5. 7 

Output voltage LOW VQ1Lmax 0. 4 0. 4 0. 4 V and Vg (pin 3) at 0 V 
at: Y 6. 3 

Output current LOW IQ1Lmax 25 27 26 mA 5. 7 
28 27 26 mA 6.3 

Output voltage HIGH VQ1Hmin 3.5 3.7 4.0 V 
2.6 2.8 2.9 V 

5.7 
5.7 

-IQ1H = 30 µA 
and 

-IQ1H = 5 mA } 

B (pin 3) connected to 
Vp via 20 kS2 (± 1 ~) 

B (pin 3) connected to 
Output short circuit 

current 
_IQlscmin lb5 19.5 18. 0 mA 5. 7 ~ Vp via 20 kS2 (± 1 ~) 

(max. duration 60 ms; 
duty cycle 10 ~) 

Output Q2
5 7 

Output voltage LOW VQ2L max 0. 4 0. 4 0. 4 V and 
at: 6. 3 

Output current LOW IQ2L max 25 27 26 mA 5. 7 

and 
28 27 26 mA 6.3 

Input voltage HIGH 5. 7 

G3 VGH min 2. 3 2. 2 2. 1 V and 
6. 3 

Output voltage HIGH VQ2H min 3. 5 3. 7 4. 0 V 5. 7 -IQ2H = 30 µA 

at: 2.6 2. 8 2. 9 V 5. 7 -IQ2H = 5 mA 

Input voltage LOW 5. 7 

G3 VGL max 1. 0 1. 0 0. 8 V and 
6. 3 

Output short circuit 
current _1Q2sc min lCzS 19.5 18. 0 mA 5. 7 

VGL max (max. dura-
tion 60 ms; duty cycle 
10 ~) 

December 1970 5 



FCK111 
monostable 

fC family 
standard temperature range 

.~ 

CHARACTERISTICS (continued) 

STATIC DATA 
(continued) 

Tamb (° C) 

0 25 75 

Conditions and references 
Vp 
(V) 

Output A 

Output voltage LOW 

at: 

Output current LOW 

and 

Input voltage LOW; 
Gl, G2 

orVg(pin3)atUV 

Output voltage HIGH 

at: 
Input voltage HIGH 

or: B (pin 3) 
connected to Vp via 

20 kS2 (± 1 ~) 

Output short 
circuit current 

VA L max 

IAL max 

VGL max 

VAH min 

VGH min 

- IAsc min 

0. 4 0. 4 0. 4 V 

2. 0 2. 0 2. 0 mA 

1. 0 1. 0 0. 8 V 

3.9 4. 0 4. 1 V 

3. 2 3. 4 3. 4 V 

2. 3 2. 2 2. 1 V 

30 30 25 mA 

5. 7 
and 
6. 3 

5. 7 
and 
6. 3 

5. 7 
and 
6. 3 

5. 7 

5. 7 

5. 7 
and 
6. 3 

5. 7 

see note 

- IAH = 30 µA 

-IAH = 5 mA 

B (pin 3) connected to 
Vp via 20 kS2 (± 1 ~) 
(max. duration 60 ms; 
duty cycle 10 Via) 

Note 

SAL max is an extra static current, which can be applied to output A under both stat -

ic and dynamic conditions without dusturbing the output pulse width. 

6 December 1970 



FC family 
standard temperature range 

FClC111 
monostable 

CHARACTERISTICS (continued) 

STATIC DATA 
(continued) 

Tamb (° C) 

0 25 75 

Conditions and references 
Vp 
(V) 

Input current LOW - IGL max 1.75 1.65 1. 85 mA 5. 7 VG = 0. 4 V 
°then 
inputs 

2.00 1.90 1. 80 mA 6. 3 VG = 0. 4 V floating 

Input current HIGH IGH max 1. 0 1. 0 25.0 µA 5. 7 VG = 5. 3 V, other in-
putsatVG =OV 

current flow in Rt not 
included 

Supply current 
(unloaded) 

output Q1 HIGH ~ 
output Q2 LOW J 

output Q1 LO•W ~ 

IpH typ 

IpL typ 

8. 3 8. 0 7. 5 mA6. 

13.5 11.3 10. 3 mA 

0 

6. 0 
output Q2 LOW J IpL max 17.3 16.6 15.6 mA. b. 3 

Average supply 
current 1Pav 14.7 14. 1 13.2 mA 6. 3 duty cycle 50 

DYIVAi~.4IC DATA 

Propagation delay 

times 

Rise : G1i Q2 tpdr max 170 150 200 ns 6. 0 

G3i Q2 tpdr max 80 85 120 ns 6. 0 bpd 
15 

1. 5 V 

Fall : G1~Q1 tpdfmax 170 130 170 ns 6. 0 CL, = 250 pF 

G3i Q2 tpdf max 55 50 55 ns 6. 0 
tf = tr = 15 ns 

Pulse «-idth tQlLmax 1. 10 µs 6. 0 

Rt=lOkS2+1~ 
tQlLtyp 1.00 µs 6. 0 

Ct = 160 pF ± 1 

tQlLmin 0.90 µs 6.0 

5. 7 
Duration input LOW tGL min 30 30 40 ns and 

6. 3 

December 1970 7 



FCK111 
monostable 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

pulse 
generator 

A 

VP

160pF 10kR 

input 
O probe 

--O O 
a;b;c 

pulse 
generator 

B 

c;d 

A B P 

G~ 

GZ 

00 

•~® e

 O O—
c;d 

a =tp~ : G1~Q1 

b = tpdr ~ G1~Q2 

GI(G2) INPUT 

Q 1 OUTPUT 

Q2 OUTPUT 

 ~ 270II 
 I I 

Q~ 
O 0~--0 
a;e a;b;c;d 

6V 

 O O 
b;c;d 

'!!1i 
Measurement set-up 

c = ttpdf ~ G3 —' Q2 

d = tpdr : G3 ~ Q2 

tf=l5ns t r=l5 ns 

Vpd 

OV 100/

tGL-30ns 

—s 

Vpd 

 O 
output 
probe 

diodes FCY101 

= 250 pF 

e = tQ1L 

~90% 

GL maz 

pdf  

tpdr 

t a1L 

7255581 

  Val mar 

Vpd 

7Z 55562 

6 
k11 

Waveform illustrating measurement of tp~, tp~, tGL and tQiL for A pulse generator. 
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FC family 
standard temperature range 

FCK~11 
monostable 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

G3 1NPUT 

Q2 OUTPUT 

tf=lions tr=l5ns 
~ ~ ~ f 

6V 

Vpd a 

OV 
10% 

90°/0 

I" VGLm°x 

~t GL=200ni 

~ T3400ns 

tpdr —~ 

Vpd 

tpdf ~~ 

]255583 

Waveforms illustrating measurement of tp~., tp~ and tGL for B pulse generator. 
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2  
5.5 6 65 Vp fV) 

Relative change of output pulse width versus supply voltage. 

'IZS1B23.1 

7 

Tomb=25°C 
Rt =lOk11± 
Vp= 6.0 V 

FCK111 
monostable 

FC family 
standard temperature range 

CHARACTERISTICS (continued) 

2 

OtQiL

t~1L 

(%) 

1 

0 

_1 

7Z 51824.1 

typ 

T°mb 25°C 
R =tOkR±1% 
Ct =330pF ± 1% 

106
tQ1L 
1 NS) 

105

104

103

102

10 

1 

10~~  
10 2 10 ~ 10 102 103

Output pulse width versus timing capacitor. 

typ 

104 5 6 10 CtfnF) 10 

10 December 1970 



FC family 
standard temperature range 

FCL101 
level detector 

-~ 

The FC family of DTL silicon monolithic integrated circuit has been designed for 
medium speed digital applications in computing, office electronics, telecommunica-
tion and industrial control. 

6 

C 

9 A 

5 9 
:~ 

8 

0 
io 

LEVEL DETECTOR 

n.c. n.c. n.c. n.c. D A Q 

FCL101 

n.c. n.c. n.c. RJ B C P 

7255016.1 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Input hysteresis voltage 
RDA = 100 SZ, Tamb = 25 ° C 

Available output current 
Rp~ = 100 S2, Tamb = 25 ° C 

Operating frequency 

Tamb = 2~ ° C 

Power consumption 

~% duty cycle, Tamb = 25 °C 

Vp 

Tamb 

OVAt 

IQL 

f 

Pav 

6.0±5% V 

0 to +75 oC 

min. 60 mV 
max. 200 mV 

typ. 

2.7 mA 

5 MHz 

typ. 12 mW 

~ ~ The FCL101 is anon-inverting Schmitt-trigger circuit. Tripping levels are set by 
an external resistor or zener diode. 
Typical applications are discrimination, restoration, level shifting and pulse-shaping 

~' (squaring). 

PACKAGE OUTLINE 14 lead dual in -line (See General Section) 
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FC L101 
level detector 

FC family 
standard tem perature range 

CIRCUIT DIAGRAM 

C• 

R] 

8• 

R1 

VOLTAGE TRANSFER CURVE 

V
/
T

a

~QH 

~~ L 

TR1 

R3 

R4 

RS 

 •P 

TRP 

210291 

D 

8 ~zsax+c 

—~ ~A 

ROA 

Letter symbols: 

RQ~ =external resistor between Q and ~ 

RDA =external resistor between D and (~ 

VQ = short for VQ9j = voltage at Q with respect to ~, the common reference and 
supply return terminal 

VAti =tripping level for increasing input voltage VA (short for VAS) 

V~,td =tripping level for decreasing input voltage VP, 

~VAt = VAti — VAtd =input hysteresis voltage. 

2 October 1969 



FC family 
standard temperature range 

FCL101 
level detector 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 8.0 V 

Output voltage VQ max. 8.0 V 

Input voltage VA max. 8.0 V 
with respect to supply voltage VA - Vp max. 2.0 V 

Output current 1) 

Input current 2) 

Other terminals 

Storage temperature 

Operating ambient temperature 

-IQ max. 20 mA 

-IA max. 0.5 mA 

Ig max. 5 mA 

VC max. 5.0 V 

VD max. 5.0 V 

Tstg -55 to +125 oC 

Tamb 0 to +75 oC 

SYSTEM DESIGN DATA 

Uniform system temperature Tamb 0 to +i5 °C 

Uniform system supply voltage Vp 5.7 to 6.3 V 

Output resistance Po max. 7.6 kS2 

Supply current at Tam = 25 oC, Vp = 6 V 
duty cycle 50°0

Power dissipation at Tamb = 75 °C 

IPav typ. 2.0 mA 

ptot max. 27 mW 

1) For negative output voltage. 

2) Input voltage typ. -9 V when D grounded; no input current protection required for 
input voltages down to -5 V. 
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FCL101 
level detector 

FC family 
standard temperature range 

CHARACTERISTICS 

Tamb (° C) 

0 +25 +75 

Conditions and references 

VP(V) RD~(S2) 

STATIC DATA 

Tripping levels 
- input voltage 

increasing VAtimax 1.40 1.25 1.15 V 6.0 100±1~ 
- input voltage 

decreasing VAtdmin 0.75 0.75 0.60 V 6.0 100±1jo
Input hysteresis 

voltage pVAtmin 60 60 SO mV 6.0 100±1°~0

OVAtmax 220 200 180 mV 6.0 100±1~, 

5.7 
Output voltage LOW VALmax 0.4 0.4 0.4 V and U 

ar. 
6.3 

Output current LOW 

and at: 
IQLmax 10 10 7 mA 

Input voltage LOW VALmax 0.60 0.60 0.45 V 
5.7 

Output voltage LOW V L,m~ 
~ 

C. 8 0. 8 0. 8 V and 100±1°~o VALmax= 

at: 
6.3 VAtdmin 

Output current LOW IQLmax 
2. 5 2. 9 1.9 mA 5. 7 
2.1 2.5 1.6 mA 6.3 

Output voltage HIGH VQHmin o• 3 5. 3 5.3 V 5. 7 0 TQ =0 
at: 

Input voltage HIGH VAHmin 0.95 0.90 0.80 V 
5.7 

Input current HIGH lAHmax 2.2 2.0 2.0 mA and 0 VA = 2 V 
6.3 

5.7 
Input current HIGH IAHmax 1.2 L1 1.2 mA and 100±1~/o VA =2V 

6.3 
Output current LOW -IQLLmin 1.0 0.95 0.75 mA 5.7 0 VA=2 V, VQ 

'IQLLmax 2.5 2.1 2.0 mA 6.3 0 externally 
forced to 
0 V. 

Supplv current 

- output LOW IPLmax 4.2 3.7 3. 5 mA 6.3 0 VA = 0 V 

- output HIGH IpHmax 2. 9 2.6 2. 5 mA 6.3 0 VA = 2 V 

DYNAMIC DATA 

Operating frequency fmin - 1 - MHz 
6.0 100±1 

fn p - 5 - MHz 
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FC family 
standard temperature range 

FCL101 
level detector 

DESIGN CURVES at Tamb - 2 ~ °C (dots indicate guaranteed values) 

VAt 
(V) 

3 

2 

1 

7210289.1 
Vp-6V 

1 
~pt1  

VAtd.m~ 

~~ 

00 

1000 

~VAt 
(mV) 

100 

100 200 300 400 500 Rp~ GfL 

Input tripping levels versus feedback resistance 

7210 2 88.2 
Vp=6V 

~+

 ~~c 

10
10 100 1000 Rp~ ~fl,) 

Input hysteresis voltage versus feedback resistance 

~; 
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FCL101 
level detector 

FC family 
standard temperature range 

DESIGN CURVES (continued) at Tamb = 25 °C 

7210287.1 

VAt 
(V) 

1.5 

0.5 

Rp~ =10041 ±1°b 

iiii= 

 Vptimax
'"__ 

~~..-=_ 

VAtd min 

04

1.5 

VAt 
(V) 

1 

5 6 Vp(V) 7 

200 

~VAt 
(mV) 

150 

100 

50 

 R0~ =10~ ±1°% 
~~~~~ 

7210283] 

~~~• 
  ~: 
~~~~~~~~~~~~~~~ '.~i~~~~~~~~~~ 

~~~~~i~~~~~~~~~~~~~~~~~~~~~~_~ 

~~~~~~~~~~H~~~ ~   --. __. 
~~~~~~ii~~~~~~~~~~~~~~~~~~~~~~ 

04 5 6 Vp(V) 7 

Input tripping levels and hysteresis voltage versus supply voltage 

7210285] 
 Vp =6V 
 Rp~=10041+1°%  

VAtimax 

VAtd min 

0.5 

05R~~ (k~) 
0 

~VAt 
(mV) 

200 

100 

7210284] 
Vp =6V 
Rp~j=l00~f1± °lo 

 max 

`— ~mm 

0.581 
~k fL) 

1 
0~ 

Input tripping levels and hysteresis voltage versus load conductance 

.t 

q
1 
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FC family 
standard temperature range 

FCL101 
level detector 

DESIGN CURVES (continued) at Tamb - 25 °C 

i 
i 

+6V 

l 

FCL101 0 Q 
,~~t,.,. 

T ,~„~,~ o~ 
pVSt =hysteresis at point S. 

1.5 

VO Lmaac 
(V) 

0.5 

20 

~ Vst 

(mV) 

150 

100 

50 

7210186.1 

O~mQx

Vp =6V 
Rp~_ 100~f1 t ° /o 

~~.

00 2 4 RS 'kdl) 6 

Hysteresis at signal source versus resistance 

Ffh  

100 

~P 
ti  

Vp-5V 
7210 290] 

200 300 Rp~ (,f1) 400 

Low output voltage versus feedback resistance 
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FC family 
standard temperature range 

FCY101 
expander 

The FC family of DTL silicon monolithic integrated circuits has been designed for 
medium speed digital applications in computing, office electronics, telecommuni-
cation, instrumentation and industrial control. 

to Gt 
tt Gz 
t2 G3 
13 Ga 
2 G5 
3 

4 

G6 

Gz 

5 G8 
7 Gy 
a Gto 

Q 

Q 

Q 

TRIPLE GATE EXPANDER 

9 

® ® ® m m' 0 

.B Gy G3 Gz Gt Qt Gto 

t ~ FCY101 

Qz GS G6 Gz GB Q3 G9 

6 

724894. 

CHARACTERISTICS 

Reverse breakdown voltage 
at IR = 50 µA 

Reverse leakage current 
atVR =8.OV 

Forward voltage 
at IF=2.OmA 

Capacitance 
at VR = 0; f = 1 MHz 

Reverse recovery time 
at IF =IR =2.OmA 

0 © © ~ © 0 
]Z55066 

Tamb ( ° C ) 

ZJ iJ 

V(BR)R min. 8.0 V 

IR max. 1.0 25 µA 

VF max. 1.0 ~' 

Cd max. 11 pF 

typ. 4 ns f--
trr max. 11 ns ~--

The FCY101 comprises three independent diode arrays. It is intended primarily for 
expanding the fan-in capability of those FCH gates that have an expansion input ter-
minal. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Reverse voltage VR max. 8.0 V 

Forward current IF max. 30 m_\ 

Storage temperature Tstg -55 to +125 oC 
Operating ambient temperature Tamb 0 to +75 oC 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A) (See General Section) 
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FCY101 
expander 

FC family 
standard temperature range 

CIRCUIT llIAGRAM 

G~ 

Gz 

G3 

G~ 

GS

G6 

G~ 
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F1H101/7430 
F1H 111 /7420 

FJ family 
standard temperature range 

FJ H121/ 7410 
FJH131/ 7400

The FJ family of TTL silicon monolithic integrated circuits is designed for medium 
speed digital equipment in computing, telecommunication, instrumentation and con-
trol 

Features of the FJ family: '~ high-fan-out ~~ low power consumption (typ. 10 mW for 
standard gates) " high logic swing ~ low output Impedance >~ short circuit protection 

high capacitance drive capability >'~ high noise margin (typ. 1.0 V for standard 
gates) ''~ comprehensive range of circuits, including NAND gates, A.ND-OR-NOT 
gates, gate expanders, flip-flops and complex-function devices. 

NAND GATES 
In the standardtemperature range the FJ family comprises the following NAND gates 
(positive logic): 

Single 8-input NAND gate FJH101/7430 
Dual 4-input NAND gate FJH111/7420 
Triple 3-input NAND gate FJH121/7410 
Quadruple 2-input NAN?D gate FJH131/7400 

13 G~ 
1 G~ 1 G~ 1 Gy L t 12 
2 2 2 Gp n 6 2 ~3 r 
3 G3 L 4 G3 3 Ci4 

4 G4 
D 8 

5 G~ 4 ESL 
2 6 

5 G5 9 G5 5 G6
6 G6 10 G6

Qp 8 9 G~ 
Q3 B 11 G~ 12 G~ 10 8 

12 Gg 13 GB ii G9 ~ 

'1248960.1 

FJH101/7430 

7Z4~961.1 

FJH111/7420 

7Z 48962.1 

FJH121/7410 

'/2489631 

FJH131/7400-

QUICK REFERENCE DATA 
Supply voltage Vp 5.0 ± 5~ V 
Operating ambient temperature range Tam 0 to +70 °C 
Average propagation delay time 

N =fan-out = 10; Tamb = 20 oC typ. 11 ns 
Available d. c. fan-out (full temperature range) ~d Na > 10 

> 0.4 V 
D.C. noise margin (full temperature range) ML 

typ. 1.0 V 
Average power consumption (per gate) 

Tam = 25 oC pav typ. 10 mW 

Each gate comprises a multi-emitter AND input gate followed by an inverting am' 
plifier and a totem pole output stage. 

PACKAGE OUTLINE: 14 lead plastic dual in-line (type A) (See General Section) 
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F1H101/7430 
F1 H 111 /7420 

F1 farrfiiy 
standard tempersr_.re range 

F1 H 121/7410 
FJ H 131 /7400 

CIRCUIT DIAGRAMS AND TERMINAL CONNECTIONS 

FJH101/7430 
Single 8-input NAND gate 

FJH111/7420 
Dual 4-input NAND gate 

P n.c. G8 G~ n.c, n.c. D 

FJH101/7430 

Gi Gz G3 G4 Gs G6 S 

® ® ® m m `~ 

P G8 Gy n.c. G6 Gg 

FJH111~7420 

G~ Gy n.c. G3 G4 tl~ 

~2 

0 
o ©©©©v v 

]255117.2 

] Z 55112.2 

 •1~ 
]Z SStB6 
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F J H 101/ 7430 
F1 H 111/7420 

FJ family 
standard temperature range 

FJ H121/ 7410 
F1 H 131/7400 
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FJH101/ 7430 
FJH 111/7420 
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FJ family 
standard temperature range 

FJH121/7410 
FJ H 131/ 74 00 
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FJH101/7430 
FJH111/7420 

LOGIC FUNCTION 

Individual gate operation 

FJ family 
standard temperature range 

FJ H121/7410 
FJH131/7400 

Function table 
A 

C 
A B C B 

)208900 

L L H 
C = A.B positive logic L H H 

H =HIGH state (the more positive voltage) H L H 

L =LOW state (the less positive voltage) H H L 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Supply voltage Vp max. 7.0 V 

Output voltage VQ max. ~. ~ V 

G input voltage VG 0 to ~. ~ V 1) 

Peak negative G input voltage —VGM max. 2 V 2) 

Storage temperature Tstg -55 to +150 oC 

Operating ambient temperature Tam  0 to + i0 ° C 

1) In addition the voltage difference between any two inputs max. ~. ~ V 

2) Pulse duration tp = 20 ns; repetition frequency f = ~ MHz; source resistance 
RS > 7 5 S2 . 

~~: 
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FJH101/7430 
FJH111/7420 

F! family 
standard temperature range 

F1 H121/7410 
FJ H131/7400 

CHARACTERISTICS 

Tamb (° C) 
Conditions and 

references 

0 25 70 V P 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0.8 0. 8 0, 8 V 

Input threshold HIGH VGHmin 2.0 2.0 2, 0 V 

Output LOW V Lmax 0.4 0.4 0.4 V 4.75 IQ-IQLmax; 
Q VG=VGHmin 

Output HIGH VQHmin 2.4 2.4 2.4 V 4. 75 
_IQ -IQHmax; 
V G=VGLmax 

Currents 

Input LOW -IGLmax 1.6 1.6 1.6 mA 5.25 VG=VQLmax; IQ=O 

Input HIGH IGHmax 40 40 40 NA 5. 25 VG=VQHmin; IQ= 0 
other inputs OV 

Output LOW IQLmax 16 16 16 mA 

Output HIGH - IQHmax 0.4 0, 4 0.4 mA 

Output short - I sc min Q 
18 18 18 mA 

5. 25 VQ= 0; VG= 0 
circuited - IQscmax 55 55 55 mA 

DYNAMIC DATA 

Rise propagation tpdr typ. - 13 - ns 
5. 0 N=10 

delay time tpdr < - 22 - ns 

Fall propagation 
delay time 

tp~ typ. 
tpd{ < 

- 
- 

8 
15 

- 
- 

ns ',
ns 

5.0 N- 10 

6 September 1970 



FJH101/7430 
FJH 111/7420 

FJ family 
standard temperature range 

FJ H 121 / 7410 
FJ H 131 / 74 00 

CHARACTERISTICS (continued) 

Tamb (° C) 

0 25 70 

Conditions and 
references 

~'P 
(V) 

SUPPLY DATA 5.0 

Supply current 

Output LOW typ 3 3 3 mA 
FJH101/7430 IPL < 

6 6 6 mA 

FJH111J7420 IpL 
typ. 6 6 6 mA 

< 11 11 11 mA 
VG=5.0 V 

FJH121/7410 IpL 
typ, 

16.5 16.5 16.5 mA 
IQ = 0 

FJH131/7400 IpL 
typ. 
< 

12 
22 

12 
22 

12 
22 

mA 
mA 

Output HIGH 
FJH101/7430 IpH 

typ. 
< 

1 
2 

1 
2 

1 
2 

mA 
mA 

FJH111/7420 IpH 
typ. 
< 

2 
4 

2 
4 

2 
4 

mA 
mA VG=O 

FJH121/7410 IpH ~~' 6 6 6 mA 
IQ=O 

FJH131/7400 IpH 
typ. 4 4 4 mA 
< 8 8 8 mA 
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FJ family 
standard temperature range 

FJ H141/ 7440 
dual NAND POWER gate 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control . 

Features of the FJ family: ~ high -fan -out *low power consumption (typ. 10 mW for 
standard gates) +high logic swing *low output impedance *short circuit protection 
* high capacitance drive capability ~ high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates. gate expanders, flip-flops and complex-function devices. 

DUAL NAND POWER GATE 

1 G~ 

2 Gy 

4 G; 

5 G~ 

9 GS 

10 G6

12 G~ 

13 G8 

dl 6 

az 8 

7240961.1 

,4 ,3 ,2 ,o n n 
P GB Gy n.c. G6 GS ~y 

FJH141/7440 

G~ Gz n.c. G3 G~ Qi 0 
uuuuuuu 

'1255116.2 

QUICK REFERENCE DATA 

Supply voltage Vp 

Operating ambient temperature Tamb 0 to +70 °C 
Average propagation delay time 

N =fan-out = 30; Tamb = 25 oC tpd typ. 11 ns 
Available d.c. fan -out (full temperature range) Na ~ 30 

> 0.4 V 
D.C. noise margin (full temperature range) ML typ. 1.0 V 

Average power consumption (per gate) 

Tam = 25 oC pav typ. 26.5 mW 

Each gate comprises amulti-emitter AND gate followed by an inverting amplifier 
and a totem pole power output stage. 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A) (See General Section) 
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F1 H741/7440 
dual NAND POWER gate 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM (each gate) 

1 1 1 1 1 
R2 

TR1 I TR3 

G~ ~~ / / ~/ TR2  ~ TR4 GS

RS 

G2 ~ ~ ~ ~ 1 1 Ge 

R6 

TR6 

G4 •  G8 ~ 
TRS 

R3 

T T 

LOGIC FUNCTION 

Individual gate operation 

A 
B 

'/Z06900 

C 

C = A. B (positive logic) 

H =HIGH state (the more positive voltage) 

L =LOW state (the less positive voltage) 

R7 

R7 

TR8 

R8 

T T 

R9 

 •P 

R10 

1

TR9 

1 adz 

TR10 

]Z 59189 • 
g 

Function table A B C 

L L H 
L H H 

H L H 

H H L 

RATINGS Limitingvalues in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 

Output voltage 

G input voltage 

Peak negative G input voltage 

Storage temperature 

Operating ambient temperature 

Vp max. 7. 0 V 

VQ max. 5. 5 V 

VG max. 5. 5 V 1) 

—VGM max. 2 V 2) 

Tstg —55 to +150 oC 

Tamb 0 to +70 ° C 

1) In addition, peak voltage difference between any two inputs =max. 5. 5 V. 

2) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS z 75 2. 
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FJ family 
standard temperature range 

FJ H 141/7440 
(Dual NAND POWER gate) 

CHARACTERISTICS 

Tamb ~oC) 

0 25 70 

Conditions and 
references 

Vp 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0.8 0.8 0.8 V 

Input threshold HIGH VGHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ-IQLmax; 
VG=VGHmin 

Output HIGH V 2.4 2.4 2.4 V 4.75 IQ_ -IQHmax; 
QHmin 

VG- VGLmax 

Currents 

Input LOW -1GLmax 1.6 1.6 1.6 mA 5.25 VG=VQLmax; IQ=O 

Input HIGH IGHmax 40 40 40 µA 5.25 VG=VQHmin; IQ=O 
other inputs OV 

Output LOW IQLmax 48 48 4$ mA 

Output HIGH -IQHm ~ 1,2 1,2 1,2 mA 

Output short- -IQsc min 18 18 18 mA 
circuited -IQscmax 70 70 70 mA 

x•25 VQ=O; VG=O 

SUPPLY DATA 

Supply current 

Output LOW I 
typ. 

PL < 
17.2 

27 
17.2 

27 
17.2 

27 
mA 
mA 

5.0 
5.0 V =5.0 V; I 0 G Q-

Output HIGH IpH typ. 4.0 4.0 4.0 mA 5.0 I =0 
< 8.0 8.0 8.0 mA 5.0 

~VG=O; 
Q 

DYNAMIC DATA 

Rise propagation 
delay time 

tpdr typ. 

tpdr < 
- 

- 
13 

22 
- 

- 
ns 
ns 

5.0 N=30 

Fall propagation t df typ. - 8 - ns 
delay time tPdf < - 15 - ns 

5.0 N=30 

.~ 
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FJ family 
standard temperature range 

FJ H151/7450 
FJ H161/7451 

dual AND -OR -NOR gates 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: + high -tan -out ■low power consumption (ryp. 10 mW for 
standard gates) *high logic swing *low output impedance +short circuit protection 
* high capacitance drive capability • high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates. gate expanders, flip-flops and complex -Function devices. 

DUAL AND-OR-NOT GATES 

Dual expandable 

2+2 input AND-OR -NOT gate 
Dual 2+2 input AND-OR -NOT gate 

9248964.1 

FJH151/7450 

FJH151/7450 

FJH161/7451 

'/2489651 

FJH161/7451 

FJH151/7450 

GB Gt GZ G3 G~ 0~ 0 
uuuuuuu 

9255„~.. 

P G~ i.c i.c. Gg Gg Qy 

FJH161/7451 

GB Gi G~ G3 G4 Qi 0 

~rssne z 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 ± 5 ~`, V 

Operating ambient temperature range Iamb 0 to +70 oC 

Average propagation delay time 

N =fan -out = 10; Tamb = 25 oC tpd typ• I1 ns 

Available d.c. fan -out (full temperature range) Na ~ 10 

D.C. noise margin (full temperature range) ML > 0.4 
typ. 1 .0 

V 
~ 

Average power consumption (per gate} 

Tamb = 25 oC Pav typ.14.25 mVV 

The FJH151/7450 is a dual 2+2 input AND-0R -NOT gate, one of the two gates having 

additional inputs f.or up to four FJY101/7460expander circuits. It can be arranged to 

perform the exclusive OR function. 

The FJH161/7451 is similar to the FJH151/7540, except for being non -expandable. 

PACKAGE OUTLINE 14 lead plastic dual in -line (type A) (See General Section) 
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FJ H151/7450 
FJ H161/7451 

dual AND-OR -NOR gates 
FJ family 

standard temperature range 
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FJ family 
standard temperature range 

FJH 151/7450 
FJ H 161/7451 
dual AND -OR -NOT gates 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7. 0 V 

Output voltage VQ max. 5.5 V 

G input voltage VG max. 5.5 V 1) 

Peak negative G input voltage —VGM max. 2 V 2) 

Storage temperature Tstg —55 to +150 ° C 

Operating ambient temperature Tamb 0 to 70 ° C 

1) In addition, peak voltage difference between any two inputs =max. 5.5 V. 
2 ) Pulse duration tp = 20 ms; repetition frequency f = S MHz; source resistance 

RS_7552. 
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F1 H 151/7450 
F1 H 161/7451 

dual AND-OR-NOT gates 

F! family 
standard temperature range 

CHARACTERISTICS 

Tamb ~oC~ 

0 25 70 

Conditions and 
references 

VP 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0.8 0.8 0.8 V 

Input threshold HIGH VGHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ-IQLmax; 
VG=VGHmin 

Output HIGH V QHmin 2.4 2.4 2.4 V 4.75 IQ -IQHmax; 
VG=VGLmax 

Currents 

Input LOW -IGLmax 1.6 1.6 1.6 mA 5.25 VG=VQLmax; IQ=O 

Input HIGH IGHmax 40 40 40 µA 5.2J VG=VQHmin; IQ=O 
other inputs OV 

Output LOW IQLmax 16 16 16 mA 

Output HIGH -IQHmax 0.4 0.4 0.4 mA 

Output short- -IQscmin 18 18 18 mA 
circuited -IQscmax 55 55 55 mA 

5.25 VQ=O; VG=O 

SUPPLY DATA 

Supply current 

Out ut LOW 
p I tom' 

PL < 
7.4 
14 

7.4 
14 

7.4 
14 

mA 
mA 

5.0 
5.0 

V =5.0 V; I -0 } G Q 

Output HIGH IpH typ. 4.0 4.0 4.0 mA 5.0 lVG=O; IQ=O 
< 8.0 8.0 8.0 mA 5.0 J 

DYNAMIC DATA 

Rise propagation 

delay time 
tpdr tYP• 
tpdr < 

- 
- 

13 
22 

- 
- 

ns 
ns 

5 
0 N = 10, 

one pair of 

Fall propagation tpdf ty p. - 8 - ns AND inputs 

delay time tpdf < - 15 - ns 
5 

0
at VG = 0.4V 
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FJ family 
standard temperature range 

F J H 171/7453 
AND-OR-NOT gate 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-

dium speed digital equipment in computing, telecommunication, instrumentation and 

control. 

Features of the FJ family: * high -fan -out *low power consumption (typ. 10 mW for 
standard gate s) * high logic swinf; * low output impedance *short circuit protection 

+ high capacitance drive capability * high noise margin (tvp. 1.0 V for standard 

gags) * comprehensive range of circuits, including NAND gates, AND-OR -NOT 

gates. gate expanders, flip-flops and complex -function devices. 

EXPANDABLE 2+2+2+2 INPUT AND-OR-NOT GATE 

2 Gi 
3 Gp 

4 G3

5 G4

9 GS

10 6 

13 G~ 

1 B 

12 E~ 

11 EZ

D 

7Z 48966.1 

8 

QUICK REFERENCE DATA 

Supply voltage ~~ P J.O ± Jj~ V 

Operating ambient temperature Tamb 0 to +70 oC 

Average propagation delay time 
N =fan-out = 10; Tamb = 25 °C tpd typ. 11 ns 

Available d. c. fan -out (full temperature range) Na > 10 

D.C. noise margin (full temperature range) ML 
> 0.4 
typ. 1.0 

V 
V 

Average power consumption 
Tamb = 25 °C Pav typ. 22.75 m W 

The FJH171/7453has additionalinputsfor uptofour FJY101/7460 expander circuits. 

PACKAGE OiTTLINE: 14 lead plastic dual in-line (type A) (See General Section) 
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FJ H 171/ 7453 
AND-OR-NOT gate 

FJ family 
_ 

standard temperature range 

CIRCUIT DIAGRAM 

G2 • 

1 1 1 L 
R1 

1 

R2 R3 R4 

1 

G3 ~~TR2 
G~ • 

5 

G E • 

G, 

GB • 

E~ • 

EZ • 

LOGIC FUNCTION 

TR3 

TR4 

1 1 ' R

TRS 

  TR6 

  TR7 

  TRB 

R5 

R6 

R7 

  TR9 

,~ Dt 

 ~TR10 

•p 

~Z 55230 

Q = G1,G2 + G3,G4 + G5.G6 + G7.Gg + EX (for positive logic) 

EX represents the extra function available if gate expander FJY101 is used. (Connect 
E 1. EZ to Q l , QZ respectively or ro Q3. Q4 respectively, of the FJY101 to get a 
4-input NAND function). 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134 ) 

Supply voltage Vp max. 7.0 V 

Output voltage VQ max. 5.5 V 

G input voltage VG max. 5.5 V 1) 

Peak negative G input voltage —VGM max. 2 V 2) 

Storage temperature Tstg —55 to+150 ° C 

Operating ambient temperab~re Tam 0 to +70 oC 

1) In addition, the voltage between any two inputs must not exceed 5. 5 V. 
Z) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS > 75 S2. 

2 

k 
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FJ family 
standard temperature range 

F1 H 171/7453 
AND-OR-NOT gate 

CHARACTERISTICS 

~ramb 

0 

~° C) 

25 70 

Conditions and 
references 

vP 
~~' ) 

STATIC DATA 

Voltages 

Input threshold LOW VQLmas 0.8 0.8 0.8 V 

Input threshold I (IGI-I VGI Iuun 2.0 2.0 2.0 V 

Output LOW V Lmax 0.4 0.4 0.4 V 4.7~ 
I =IQLmax Q 

Q LTG=VGHmin 

Output HIGH V Hmin Q 2.4 2.4~ 2.4 V 4.75 
-IQ -IQ1Imax~ 
VG=VGLmax 

Currents 

Input LOW -lGLmax 1.6 1.6 1.6 mA 5.'?5 VG=VQLmax; IQ=O 

Input fiIGH IGllmax 40 40 40 uA 5.25 VG=VQHmin; IQ=O 

Output LOW IQLmax 16 16 16 mA 
other inputs 0 V 

Output HIGH -lQEhnux 0.4 0.4 0.4 mA 

Output short- 
circuited (see note 1) 

- IQsc min 
- IQsc max 

18 
55 

I8 
55 

18 
55 

mA 
mA 

5.25 V =0; V =0 
Q G 

SUPPLY DATA 

Supply current 

Output LO~.~ 
typ. 

IpL < 
5.1 
9. 5 

5.1 
9.5 

5.1 
9.5 

mA 
mA 

5.0 
5.0 

, , 
~ G-''0 \ ' IQ =O 

Output HIGH IpLI typ. 4.0 4.0 4.0 mA 5.0 1VG=0; IQ =O 
< 8.0 8.0 8.0 mA 5.0 

DYNANIIC DATA 

Rise propagation tpdr typ. - 13 - ns 5.0 N = 10 
delay time tpdr < - 22 - ns 5.0 one pair of 

Fall propagation tpdf typ. - 8 - ns 5.0 A\D inputs 

delay time tpdf < - 15 - ns 5.0 at VG=0.4 V 

Note 1: Not more than one output must be short circuited at any time. 
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FJ H 171/7453 
AND-or-NOT gate 

F1 family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

Generator: 

4V 

GENERATOR 
f = 1 MHz OUTPUT 
tL=O.~µs 
tf<15ns OV  

tr < 15 ns 

Rg=50 S2 

+2.4V 

VGH 

G INPUT 

VGL 

~aH 

90°/0 

t 

90° /0 

so°/° so°/o 

10° /0 10° /0 

t ---► t~ 

1.SV 

Q OUTPUT 

VaL 

-~ tpd 

1.sv 

1.5V 

F ~ tpdr 

1.5V 

f— 7Z 55432 

pulse 
generator 

TTL 
buffer gate 

o- 400!1 

— CL 
....15pF1~ 

 ~ VQ

BAW 62 
(4x) 

1) Including probe and jig capacitance. 

7255442 
 O 
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FJ family 
standard temperature range 

FJ H181/7454 
AND-OR -NOT gate 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecomtnunicat:ion, instrumentation and 
control. 

Features of the FJ family: :high-tart-out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing *low output impedance *short circuit protection 

* high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND -OR -NOT 
gaies, gate expanders, flip-flops and complex -function devices. 

2+2+2+2 INPUT AND-OR-NOT GATE 

2 Gt 

3 Gy 

4 G3

5 G~ 

D 

9 GS 

10 G6 

13 G~ 

1 GB 

'/Z4896].i 

14 ® ® m m 0 
P G~ i.c. i.c. G6 GS (] 

8 FJH181~7454 

Ge G~ Gp G3 G4 n.c. 
~ © © ~ © D 

~Z55a~2 

QUICK REFERENCE DATA 

Supply voltage V p 5.0 ±5% V 

Operating ambient temperature Tamb 0 to -F 70 oC 

Average propagation delay time 

=tan -out = ]0; Tamb = ~~ ° C tpd typ. 11 ns 

Available d.c. tan -out (lull temperature range) Na > 10 

> 0.4 V 
D.C. noise margin (full temperature range) ML 

typ. 1.0 V 

Average power consumption 

Tamb - ~' ° C Pav typ. 22.75 mW 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A) (See General Section) 
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FJ H 181/7454 
AND-OR -NOT gate 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

G~ 
Gz • 

R1 R2 

J 
R3 R4 

TRi 

G3 ~ j TR2 
C24 • 

GS

G6• 

G~ 
GB

LOGIC FUNCTION 

TR3 

TR4 

RS 

  TRS 

  TR6 

  TRH 

~TRB 

R6 

R7 

 •P 

TR9 

D1 

ea 

 ~TR10 

]255239 

Q = G1 GZ + Gg G4 + G5 G6 + G7 Gg (for positive logic) 

 •~ 

RATINGS Limitingvalues in accordance with the Absolute Maximum System (IEC13~) 

Supply voltage Vp max. 7.0 V 

Output voltage VQ max. 5.5 V 

G input voltage VG max. 5.5 V 1 ) 

Peak negative G input voltage - VGM max. 2 V 2) 

Storage temperature Tstg -55 to +150 °C 

Operating ambient temperature Tamb 0 to +70 °C 

1) In addition the voltage between any two inputs must not exceed 5. S V. 
2) Pulse duration tp = 20 ns ;repetition frequency f = 5 MHz; source resistance RS > 75 S2. 
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FJ family 
standard temperature ra:~.ige 

FJ H181/7454 
AND-OR-NOT gate 

CHARACTERISTICS 

0 

Tamb (°C) 

25 70 

C Ond ItlOnS end 
references 

Vp 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0.8 0.8 0.8 V 

Input threshold IiIGH VGllmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ-IQLmax 
VG=VGHmin 

Output HIGf1 VQHmin 2.4 2.4 2.4 V 4.75 
-IQ _IQHmax~ 
VG=VGLmax 

Currents 

Tnput LOW -IGLmax 1.6 1.6 1.6 mA 5.25 VG=VGLmax> IQ=O 

Input HIGH 

Output LOW 

IGllmax 

IQLmax 

40 

16 

40 

16 

40 

16 

µA 

mA 

J.25 VG=VQHmin IQ=O 
other inputs 0 V 

Output HIGH -IQHmax 0.4 0.4 0.4 mA 

Output short- 
circuited 

I sc min Q 
- IQsc max 

L8 
55 

18 
55 

18 
55 

mA 
mA 

5.25 V =O;V =0 Q G 

SUPPLI' DATA 

Supply current 

Output LOW 
typ. 

IpL < 
5.1 
9.5 

5.1 
9.5 

5.1 
9.5 

mA 
mA 

5.0 
5.0 ~VG=S.OV; IQ =O 

Output HIGH IpH tyP• 4.0 4.0 4.0 mA 5.0 lVG=O; IQ =O 
< 8.0 8.0 8.0 mA 5.0 J 

DYNAi~'IIC DATA 

Rise propagation tpdr typ. - 13 - ns 5.0 ~ = 10 
delay time tptir < - 22 - ns 5.0 one pair 

Fall propagation tpdf typ. - 8 - ns 5.0 AND inputs 

delay time tpdp < - 15 - ns 5.0 at VG=0.4V 
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FJ H181/7454 
AND-or-NOT gate 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

Generator 

f = 1 MHz 
tL = 0.5 µs 
tf<15ns 
tr < 15 ns 

RS=50 S2 

t2.4V 

4V 

GENERATOR 
OUTPUT 

Ov 

VGH 

G INPUT 

VGL 

VaH 

90°/0 

t 

5 

tL > 

90 °/o 

0° /0 50° /0 

70°/0 70° /0 

tr

~.sv 

O OUTPUT 

VaL 

TTL 
buffer gate 

1)Including probe and jig capacitance. 

y t pdf 

1.SV 

1.SV 

~ ~ tpdr 

1.SV 

~_ 1Z 55 32 
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FJ family 
standard temperature range 

FJ H191,~7480 
full adder 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: +high -fan -out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing *low output impedance *short circuit protection 
* high capacitance drive capability ■ high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates. gate expanders, flip-flops and complex -function devices. 

3 10 8 9 it 1 12 13 2 

FULL ADDER 

C~ A" A~ Az A~ B" B1 81

A 
full adder 

B~ 

f" C~., 
6 4 >z~asss 

14 13 12 11 10 ~ I ° I 
P Bp B1 A~ A` A2 A, 

FJH191~7480 

B" Bc 0~ Cn.1 ~ ~* H 

~zss~z.~ z 

QUICK REFERENCE DATA 

Supply voltage VP S.0 t ~% V 

Operating ambient temperature 1'amb 0 to +70 oC 

Available d. c. fan-out 
for outputs: E; E ̂  (sum outputs) Na > 10 

Cn+1 (inverted carry output) Na > 5 

Average power consumption Pav typ. 105 mW 

The FJH191/7480 is a single-bit, high speed, binary full adder with gated complemen-

tary inputs, complementary sum outputs (E and E ~`), and inverted carry output. 

PACKAGE OUTLINE :14 lead plastic dual in -line (type A) See General Section 
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FJ H 191/7480 
full adder 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 
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LOGIC DIAGRAM 
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T 
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F1 family 
standard temperature range 

~1 H191/7480 
full adder 

FUNCTION TABLE 

Cn A B Cn+l E E;' 

L L L H L H 
L H L H H L 
L L H H H L 
L H H L L H 
H L L H H L 
H H L L L H 
H L H L L H 
H H H L H L 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

A = A''~ ' AC 

A''`= Al • A2 

B = B' BC 

B"~= Bl • B2 

\ores 

When A''` is used as an input, Al and A2 must be connected to ~; when B''` is used as 
an input, Bl and B2 must be connected to ~. 

When Al and A2 are used as inputs, A''` must either be open or in wired-OR use; the 
same applies to B''` when Bl and B2 are used as inputs. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7.0 V 

Input voltage VG; VQ1; VQ2 max. 5. 5 V 

Peak negative input voltage —V~ max. 2 V 1) 

Operating ambient temperature Tamb 0 to +70 oC 

Storage temperature Tstg —55 to +125 ° C 

1) Pulse durationtp = 20 ns; repetition frequency f = 5 MHz; source resistance RS > 75 S2 
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FJ H 191/ 7480 
full adder 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tamb (° C) 

0 25 70 

Conditions and References 

VP 
(V) 

STATIC DATA 

Input threshold LOW VILmax 0. 8 0. 8 0. 8 V 4. 75 
Input threshold HIGH VIHmin 2. 0 2. 0 2. 0 V 4. 75 

Output LOW 
at E ; E'~~ VOLmax 0. 4 0. 4 0. 4 V 4. 75 IO = 16 mA 

at Cn+1 VOLmax 0. 4 0. 4 0. 4 V 4. 75 IO = 8 mA 

at A''`; B~~~ VOLmax 0. 4 0.4 0. 4 V 4. 75 IO = 4. 8 mA 

Output HIGH 
at E ; E"~` VOHmin 2.4 2. 4 2. 4 V 4. 75 Ip = -400 µA 

at Cn+1 VOHmin 2.4 2.4 2. 4 V 4. 75 IO = -200 µA 

at A'` ; B ~` VOHmin 2.4 2.4 2. 4 V 4. 75 IO = -120 µA 

Currents 

Input LOW 
at Cn - IILmax 8.0 8.0 8.0 mA 5.25 VI = VOLmax~ IO=O 

at A1; A2; ACS l - IILmax 1.6 1. 6 1.6 mA 5. 25 VI = VOLmax~ IO = 0
Bli B2; BC J 

at A ~`; B ~` -IILmax 2.6 2.6 2. 6 mA 5. 25 VO = VOLmax; IO = 0

Input HIGH 
at Cn IIHmax 200 200 200 µA 5, 25 VI = VOLmax; Ip = 0 

IIHmax 1 1 1 mA 5, 25 VI = 5.5 V; IO = 0 

at Ali A2; AC IIHmax 15 15 15 µA 5. 25 VI = VOHmin IO = 0 

Bli B2; BC IIHmax 1 1 1 mA 5. 25 VI = 5.5 V; IO = 0 

Output short circuit 
at E ; E ~ - IOscmin 18 18 18 mA 5. 25 l VO = 0; VO = 0 

- IOscmax 57 57 57 mA 5.25 

at Cn+l IOscmin 18 18 18 mA 5. 25 l 
VO = 0; VI =0 

IOscmax 70 70 70 mA 5.25 J 

SUPPLY DATA 

Supply current 
typ. 

Ip ~ 
21 21 21 mA 
35 35 35 mA 

5.0 
5. 0 

}All terminals open 

4 November 1970 



FJ family 
standard temperature range 

FJ H 191/7480 
full adder 

CHARACTERISTICS (continued) 

Tamb (° C) 

0 25 70 

Conditions and References 

Vp
(V) 

Waveform 
Fig.l 

loading 
circuit 

DY\AMIC DATA 

Rise propagation 
delay times; 

Cny Cn + 1 
typ, 

tpdr < 
— 13 — ns 
— 17 — ns 

5.0 
5.0 

~ A Fi 2 
g ' 

Al -►A'` tpdr < p' _ 6$ — ns 5.0 } ~' Fig.3 

Bl~ B:;: 
tpdr 

tYP• — 
65 — ns 5.0 j A Fig.4 

BC~Cn+ 1 tpdr < p• — 25 — ns 5.0 } B Fig.S 

AC~ 
r typ. 

t pdr < 
— 52 — ns 
— 70 — ns 

5.0 
5.0 

l B J 
Fi 6 g~ 

BC ~' ~~~ tpdr < p. — 55 — ns 5.0 } B Fig.7 

Fall propagation 
de Lay times; 

Cn-~ Cn + 1 
typ, 

tpdf < 
— 8 — ns 
_ 12 — ns 

5.0 
5.0 

1 
J A Fig.2 

Al-►A~- tpdf <p' _ 25 — ns 5.0 } A Fig.3 

Bl i  B ~" tpdf < p — 25 — ns 5.0 } A Fig.4 

y
BC Cn + 1 

t typ. 
pdf < 

— 38 — ns 
— 55 — ns 

5.0 
5.0 

l B
J 

Fi 5 
g' 

~~ ~ 
typ. 

CPS < 
— 62 — ns 

— 80 — ns 
5.0 

5.0 
l 
J B Fig.6 

~~ ~" tpdf ~ P. — 75 — ns 5.0 } B Fig.7 
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F1 H191/7480 
full adder 

F1 family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

t 2.4V 

pulse 
generator 

to input 
waveform A 

FJH131/7400 

input 
waveform B 

FJH131~7400 ~ O to inputs 
under test 

input 
waveform A 

Fig.l 

Fig.2 Fan out: N = 5 

+5V 

'1255449.2 

+2.4 V +2.4 V 

to input 
WaVefOrm Q 

 ~n 

Q~ O 

A2 
W 

n 
g~ 

AC O_> 
C n+1 to input 

waveform A 
 B~ 

 g2 

x 
LL

f 
~' 

_ 15pF i ~ 

 BC 

Fig.3 

'IZSs445.2 

1) Including probe and jig capacitance 

2z ss44ea 

— C~ 

A7 

— A2 
— AC 

B~ 

g2 
B~ 

FJ
H1

91
/7

48
0 

Fig.4 
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Fig.S Fan out: N = 5 

+SV 

78011 

7 Z 55450.2 

FJ family 
standard temperature range 

FJ H191/~4so 
full adder 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

+2.4 V 

to input 
waveform B 

+ 2.4V 

to input 
waveform B 

Fig.6 Fan out Q4: N = 10 
Fan out Q5: N = 10 
Fan out Q3: N = 5 

1)Including probe and jig capacitance 

1 
780 
n 

B AW 62 
(4x) 

390 
n 

 +5V 

390 
n 

BAW 62 
(12x) 

O 

O 

O 

7255451.2 
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FJ H 191/74 80 
full adder 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

GENERATOR 
OUTPUT 

UGH 

Fig.7 Fan out: N = 10 

~ t~ 

90% 

Csa°% 

to°i°~

y tf 

90Mo 

sa°i° 

~ tP ~ 

f-

,o°/° 

WAVEFORM A ~,.5v ,.sv 

~GL 

WAVEFORM B 

V~~ 

VOH 

1.SV 1.SV 

Pulse generator: 

f =1MHz 
tr < 15 ns 
tp < 15 ns 

tp = 0.5µs 
Rg=50 S1 

O OUTPUTS 

Von

,.5V 1.SV 

~tptl~~-- ~t Pe+~ 

1) Including probe and jig capacitance 
)Z 55453 
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F1 family 
standard temperature range 

F1 H2O1/7482 
full adder 

The FJ family TTL silicon monolithic integrated circuits is designed for medium 
speed digital equipment in computing, telecommunication, instrumentation and con-
tr ol. 

Features of the FJ family: -~~ high -fan -out ~~ low power consumption (typ. 10 mW for 
standard gates) ~~ high logic swing -.= low outputimpedance ~~ short circuit protection 
-.~ high capacitance drive capability =~~ high noise margin (typ. 1.0 V for standard 
gates) -~ comprehensive range of circuits, including NAND gates, AND-OR-NDT 
gates, gate expanders, flip-flops and complex -function devices. 

2 -BIT BINARY FULL ADDER 

5 2 3 13 

C„ Aa Bo

(14 

At Bt

2-bit full adder 

f0 ft 

1 12 10 

7Z4B9941 

At 6t Et S Cnit n.c. n.c. 

FJ H 201/7482 

~ Q Ap Bp F C„ n.c. n.t. 

7Z 55740 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 ±5 ~ V 

Operating ambient temperature Tamb 0 to +70 °C 

Available d.c. fan-out 
for outputs: ~0 ; E l (sum outputs) Na > 10 

Cn+1 (carry output) Na > 5 

Average power consumption pav 175 mW 

PACKAGE OUTLINE: 14 lead plastic dual in -line (type A) (See General Section) 
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FJ H2O1/7482 
full adder 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

A 

Al O 
81 0 

R1 

R 

fo
0 

7

TR 

1  TR11 
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TRS 
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1 TR13 
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/j 
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LOGIC DIAGRAM 
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R20 R2T 
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T R38 
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~~TR39 

R25 

3~ ~T 

— /TR33 

TR2T 

Q TR 

R26 

TR3» 
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FJ family 
standard temperature range 

FJH2O1/7482 
full adder 

The FJH2O1/7482 full adder is designed for medium-to-high speed, multiple-bit, par-
allel -add/serial -carry applications and performs the addition of two 2 -bit binary 
numbers. The summation outputs (EO and E1) are provided for each bit and the re-
sultant carry output (C❑+l)is obtained from the second bit. High speed serial -carry 
circuitry within each bit minimises the necessity for extensive"look-ahead"and car-
ry -cascading circuits. 

INPUT OUTPUT 
Cn =L Cn=H 

A0 BO Al Bl EO El Cn+1 Ep E1 Cn-i-1 

L L L L L L L H L L 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L •H H L H 

L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L H H H L H L H H 
L H H H H L H L H H 
H H H H L H H H H H 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 

D.C. input voltage 

Peak negative transient input voltage 

Operating ambient temperature 

Storage temperature 

Vp max. 7.0 V 

VI max. 5.5 V 1) 

-VIM max. 2.0 V 2) 

Tamb 0 to +70 ° C 

Tstg -65 to +150 °C 

1) In addition, the voltage between any two inputs must not exceed 5. 5 V. 
2) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS % 75 S2 
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F1 H2O1/7482 
full adder 

F1 family 
standard temperature range 

CHARACTERISTICS 

Tamb(° C) 

0 25 70 

Conditions and references 
Vp 

(V) 

STATIC DATA. 

Voltages 

Input threshold LOW VILmax 0. 8 0. 8 0. 8 V 4. 75 

Input threshold HIGH VIHmin 2. 0 2. 0 2.0 V 4. 75 

Output LOW 

at E0; El VOLmax 0. 4 0. 4 0. 4 V 4. 75 IO = 16 mA 

at Cn+1 VOLmax 0.4 0. 4 0. 4 V 4. 75 IO = 8 mA 

Output HIGH 
at E0; El VOHmin 2. 4 2. 4 2. 4 V 4. 75 IO = -400 NA 

at Cn-bl VOHmin 2. 4 2. 4 2. 4 V 4. 75 IO = -200 ~A 

Currents 

Input LOW 
at A1, B1 - IILmax 1.6 1.6 1. 6 mA 5. 25 

at A0; B0; 
Cn -

IILmax 6.4 6.4 6.4 mA 5.25 
VI = 0.4 V 

Input HIGH 

at A1, B1 IIHmax 40 40 40 pA 5. 25 VI = 2.4 V 

IIHmax 1 1 1 mA 5._25 VI = 5.5 V 
at A0; Bp; Cn IIHmax 160 160 160 pA 5. 25 VI = 2. 4 V 

IIHmax 1 1 1 mA 5. 25 VI = 5. 5 V 

Output LOW 
at E0; El IOLmax 16 16 16 mA 
at Cn+1 IOLmax 8 8 8 mA 

Output HIGH 
at E 0; El - IOHmax 0. 4 0. 4 U. 4 mA 
at Cn+1 -IOHmax 0. 2 0. 2 0. 2 mA 

Output short circuit I) 

at E0; El ~ Cn+1 - Iscmin 18 18 18 mA 5. 25 
at E0; El - Iscmax 55 55 55 mA 5.25 
at Cn+1 -Iscmax 70 70 70 mA 5. 25 

SUPPLY DATA 

Supply current Ip ~' 
35 35 35 mA 5, 0 All terminals 

58 58 58 mA 5.0 open 

I) Only one output to be shorted at a time 
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FJ family 
standard temperature range 

FJ H2O1/74 82 
full adder 

CHARACTERISTICS (continued 

Tamb(° C) 

0 25 70 

Conditions and references 
Vp 
(V) 

DYNAMIC DATA 

Rise propagation delay times 

Cn--►EO tpdr ~ - 34 - ns 5.0 

Bl —~E1 tpdr< - 40 - ns 5.0 C1,=15pF;Na =10 

Cn--► E1 tpdr < - 38 - ns 5. 0 

Cn~'Cn+1 tpdr <~~ _ 29 - ns 5. 0 ~ CL = 15 pF; Na = 5 

Fall propagation delay times 

Cn1 E O tpdf < - 40 - ns 5.0 

Bl'~ E 1 tpdf < - 35 - ns 5. 0 CL, = 15 pF; Na = 10 

Cn'""~ ~1 tpdf < - 42 - ns 5.0 

Cn"~'Cn+1 tPdf ~ - 27 - ns 5.0 } CL - 15 pF, Na - 5 
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FJ family 
standard temperature range 

FJH211/7483 
4-bit adder 

The FJ family of TTL silicon monolithic integrated circuits is designed for medium 

speed digital equipment in computing, telecommunication, instrumentationand con-

tr of . 

Features of the FJ family: ~~ high-fan -out -~= low power consumption (typ. 10 mW for 

standard gates) ~~ high logic swing ~~ low output impedance %short circuit protection 

-~~ high capacitance drive capability =~= high noise margin (typ. 1.0 V for standard 

gates) -~ comprehensive range of circuits, including NAND gates, AND-OR-NOT 

gates, gate expanders, flip-flops and complex-function devices. 

8 I7 
At Bt

4 -BIT FULL ADDER 

3 I4 
AZ Bp 

13 10 11 1 16 
C❑ Ap Bo A'3 B3 

4-bit full adder 

~0 Ft ~p ~3 Cn+1 

9 6 2 15 14 '/Z48993 

B3 f3 Cn+i Cn 6 Bp A 

FJH211/7483 

A3 fp Ap Bp !3 ~ t Bt At

© © ~ © ~ 0 
'/Z55933 

QUICK REFERENCE DATA 
Supply voltage Vp 5.0 ± 5 ~ V 
Operating ambient temperature 7'amb 0 to +70 ° C 
Available d.c. fan-out (full temperature range) 

from E 0~ Eli E2. E3 Na > 10 
from Cn_I 1 Na > 5 

Average propagation delay time 
Cn~ Cn+1 tpd typ. 29 ns 
Cn--► E3 tpd < 55 ns 

B3 --~ E 3 tpd < 38 ns 

D. C. noise margin (full temperature range) 
Average power consumption 

M 
typ. 

0. 4 
1.0 

V 
V 

iamb = 25 °C pav typ. 390 mW 

PACKAGE OUTLINE : 16 lead plastic dual in-line (type A) (See General Section) 
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FJ H211/7483 
4-bit adder 

FJ family 
standard temperature range 

LOGIC FUNCTION 

f, 
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FJ family 
standard temperature range 

FJ H 211/74 83 
4-bit adder 

The FJH211/7483 consists of a full adder for two words of four bits each plus a carry 
input (Cn). Sum outputs (E) are provided for each bit and the carry output (Cn+1) is 
obtained from the last bit. The high-speed internal serial carry circuitry used in the 
FJH211/7483 minimises the need for external"carrylookahead"logic when cascading 
adders for long word-length addition. 

FUNCTION TABLE 

To simplify the function table, it is presented in two parts: 
Input conditions at Ap, Al, Bp, Bl and Cn determine the outputs Ep and E1 
together with the internal carry (Cl) obtained from this addition. 
Input conditions at A2, A3, B2, B3 and the internal carry C1 determine the outputs 
E2, E3 and Cn+l• 

INPUT OUTPUT 
Cn =L 

C1=L 
Cn =H 

C1=H 

Ap 

AZ 

Bp 

B2 

AI 

A3 

B1

B3 

Ep 

~2 

El

~3 

CI 

Cn+l 

Ep 

E2 

El

~3 

CI 

n+l 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
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FJH211/7483 
4-bit adder 

FJ family 
standard temperature range 

RATINGS :-inviting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7. 0 V 

Output voltage VO max. 5. 5 V 

D. C. input voltage VI max. 5. 5 V 1) 

Peak negative input voltage -VIM max. 2 V 2) 

Operating ambient temperature Tam 0 to +70 oC

Storage temperature Tstg -65 to+150' oC

CHARACTERISTICS 

0 

Tamb (° C) 

25 70 

Conditions and references 

Vp 

(V) 

STATIC DATA 

Voltages 

Input threshold LOW VILmax 0. 8 0. 8 0. 8 V 4. 75 

Input threshold HIGH VIHmin 2.0 2.0 2. 0 V 4. 75 

Output LOW 
at EO• E1• E2• E3 VOL~~ax 0.4 0.4 0.4 V 4.75 IO = 16 mA 

at Cn+1 VOLmax 0.4 0.4 0.4 V 4.75 IO = 8 mA 

Output HIGH 

at E0~ E1~ ~2> E3 VOHmin 2.4 2.4 2.4 V 4.75 -IO = 400 µA 
at Cn+1 VOHmin 2.4 2.4 2.4 V 4.75 -IO = 200 µA 

Currents 

Input LOW 
at A0, A2> BO> B2' Cn -IILmax 6.4 6. 4 6, 4 mA 5.25 l 
at A A B B 1 • 3. 1. 3 I - ILmax 1.6 1.6 1. 6 mA 5. 25 1 

VI = 0.4 V 

Input HIGH 
at Ap, A2' BO° B2' Cn IIHmax 160 160 160 µA 5.25 l 
at A A B B 1' 3' 1' 3 I IHmax 40 40 40 A µ 5.25 J 

VI = 2.4 V 

at all inputs IIHmax 1 1 1 mA 5.25 Vl = 5. 5 V 

Output LOW 
at EO> E1~ E2~ ~3 IOLmax 16 16 16 mA 
at Cn+1 IOLmax 8 8 8 mA 

1) In addition, the voltage between any two inputs max. 5. 5 V 
2) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS > 75 S2 
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F1 family 
standard temperature range 

FJ H 211/7483 
4-bit adder 

CHARACTERISTICS (continued) 

Tamb (° C ) 

0 25 70 

Conditions and references 

Vp 
(V) 

STATIC DATA 

Output HIGH 
at Ep; E1: E2~ E3 -lOHmax 400 400 400 µA 

at Cn+1 -IOHmax 200 200 200 µA 

Output short-circuited 1) 
all outputs -Iscmin 18 18 18 mA 5.25 

at E0~ Eli E2; E3 -Iscmax 55 55 55 mA 5.25 
at Cn+1 -Iscmax 70 70 70 mA 5. 25 

SUPPLY DATA 

Supply current Ip typ - 78 - mA 5.0 

Ip < 128 128 128 mA 5.25 

DYNAMIC DATA 

Rise propagation delay time 
Cn~ E O tpdr < - 34 - ns 5.0 

Cn~El tpdr < - 38 - ns 5.0 
Na=l0;CL,=15pF 

Cn~ E2 tpdr < - 50 - ns 5.0 
Cn--► E3 tpdr < - 55 - ns 5.0 

C -~ C j n n+1 l 
tpdr tYP 
tpdr < 

- 35 - ns 
- 48 - ns 

5.0 
5.0 

~ N 5; C a = L = 15 pF 

A1; Bl--~ El tpdr < - 40 - ns 5.0 

A3; B3~ E3 tpdr < - 40 - ns 5.0 
Na =10; C L = 15 pF 

Fall propagation delay time 

Cn- i EO tpdf < - 40 - ns 5.0 

Cn--~ El tpdf < - 42 - ns 5. 0 
Cn--►E2 tpdf < - 60 - ns 5,0 

Na=l0;CL,=15pF 

Cn~ B3 tpdf < - 55 - ns 5.0 

Cni Cn+1 { 
typ 

} Na = 5; CL = 15 pF 
tpdf P - 32 - ns 5.0 

Al~ Bl"~ ~1 tpdf < - 35 - ns 5.0 
Na A3, B3- ► E3 tpdf < - 35 - ns 5.0 = l0; CL = 15 pF } 

1) Not more than one output must be shorted at a time 
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FJ family 
standard temperature range 

FJ H221/7402 
2 -input NOR gate 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: * high -fan -out *low power consumption (typ. 10 mW for 
standard gates) * high logic swing *low output impedance :short circuit protection 
* high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) * comprehensive range of circuits, including NAND gates, AND-OR-NOT 
gates, gate expanders, flip-flops and complex -function devices. 

QUADRUPLE 2-INPUT NOR GATE 

2 G~ 

3 Gp 

5 G3

s G4 

8 G5

9 r6 

11 G~ 

12 Gq 

a, 1 

~y 4 

Q3 10 

p4 13 

?Z 40960.1 

7Z 55121.1 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature 

Average propagation delay time 
=fan -out = 10; Tamb = 25 oC 

Available d.c. fan -out (full temperature range) 

D.C. noise margin (full temperature range) 

Average power consumption (per gate) 

Tamb = 2~ oC 

Vp 

Tamb, 

tpd 

Na

M L

pav 

0 to +70 oC 

typ. 10 ns 

Z 10 

> 0.4 V 

typ. 14.25 mW 

PACKAGE OUTLINE : 14 lead plastic dual in -line (type A) (See General Section) 
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FJ H221/7402 
2 -input :FOR gate 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

01• 

GS

G6• 

R1 R2 RL 

TR1 F~TR2 TR3 TR4 

R3 

1 
R5 

  TRS 

D1 

0, 

iR6 
G~ • 

R6 R7 

TR7 1y~8 
TR9 

TR10 

R8 

R10 

iR11 

D2 

TR12 

Oz

R11 R72 R1L 

J 

TR13 
Iv~14 TR75 F-~ 

TR16 

LOGIC FUNCTION 

QI=G1+Gz 

Q2=G3+G~ 

Function table 

T

R13 

Gl>G3 G2;G4 Q1;Q2 
G5;G7 G6;G8 Q3;Q4 

L L H 
L H L 
H L L 
H H L 

R15 

iR17 

R17 R19 

03 
D7~~TR79 

~--I TR20 TR21 
~TR22 

a~ 

TR18 

Q3=G5+G6 

Q4 = G7 + Gb 

GB• 

R18 

for positive logic 

H =HIGH state (the more positive voltage) 

L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance 
Supply voltage 

Output voltage 

G input voltage 
Peak negative G input voltage 

Storage temperature 

Operating ambient temperature 

R20 

R23 

D4 

D 

TR24 

•e 

with the Absolute Maximum System (ILGI34) 
Vp max. 7.0 V 
VQ max. 5. 5 
VG max. 5. 5 

-VGM max. 2 
-55 to +150 
0 to +70 

Tstg~ 
~'amb 

V 
V 1) 
V 2) 
oC

oG

1) In addition, the voltage between any two inputs must not exceed 5. 5 V. 

Z) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS > 75 ~?. 

2 September 1970 



F1 family 
standard temperature range 

FJ H221/7402 
2 -input NOR gate 

CHARACTERISTICS 

~'amb ~° C) 

0 25 70 

Conditions and 
references 

~' P 
~V) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0.8 0.8 0.8 V 

Input threshold HIGH VGHmin 2,0 2.0 2.0 V 

Output LOW V Lmax 0,4 0.4 0.4 V 4.75 1Q-IQLmax 
Q VG=VGHmin 

Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 
-IQ -IQHmax~ 
VG=VGLmax 

Currents 

Input LOW -IGLmax 1.6 1.6 1.6 mA 5.25 VG=VQLmax; IQ=O 

Input HIGH IGHmax 40 40 40 µA 5.25 VG=VQHmin IQ=O 

Output LOW IQLmax 16 16 16 mA 
other inputs 0 V 

Output HIGH -IQHmax 0.4 0.4 0.4 mA 

Output short- - IQsc min 18 18 18 mA 
5 25 V =0; V =0 

circuited - IQsc max 55 55 55 mA Q G 

SUPPLY DATA 

Supply current 

Output LOW 
typ. 

IpL < 
14.814.814.8 mA 

27 27 27 mA 
5.0 
5.0 

VG=5.0V; IQ =O 

Output HIGH IpH typ. 8.0 8.0 8.0 mA 5. 0 VG=O; IQ =O 
< 16 16 16 mA 5.0 

DYNAMIC DATA 

Rise propagation t 
pdr tYP• - 12 - ns 5.0 N = 10 

delay time < - 22 - ns 5.0 one pair 

Fall propagation 
delay time 

tpdf tyP• 
< 

- 8 ns 

- 15 - ns 
5.0 
5.0 

AND inputs 
at V 0.4 V G =

September 1970 3 



FJH221/ 7402 
2 -input 10R gate 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

~~ ~a~Ic ~Ar~ 

4V 

GENERATOR 
OUTPUT 

OV 

UGH 

G INPUT 

~GL 

~0 H 

O OUTPUT 

COL 

pulse 
generator 

tL

90°/0 90° /0 

50° /0 50° /0 

10°/0 10° /0 

~tf ~~ qt r  F 

1.SV 

TTL 
buffe gate 

I)Including probe and jig capacitance 

tpdf 

~.sv 

Pulse generator: 
f=1MHz 
tf ~ 15 ns 
tr < 15 ns 

tL = 0.5µs 
RS = 50 S2 

1.5V 

~— —► tpdr 

t.SV 

]255432 
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FJ family 
standard temperature range 

FJH231/7401 
FJH491/7403 
quadruple NAND gates 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: . high -fan -out «low power consumption (typ. 10 mW for 
standard gates) *high logic swing *low output impedance :short circuit protection 
■ high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex -function devices. 

QUADRUPLE 2-INPUT NAND GATE 

]Z 48969. 

FJH231/7401 FJH291/7403 ]Z

P Q~ GB G~ D3 G6 GS

FJ H 231/7401 

0~ G~ GZ aZ G3 G4 0 

]2551221 

P GB G~ Q̀  G6 GS Q 

FJH291~7403 

G~ Gp ~~ G3 G4 aZ 0 

]Z56]2] 

QUICK REFERENCE DATA 

V Supply voltage 

Operating ambient temperature 

Average propagation delay time 
N =fan-out = 10; Tamb = 25 ° C 

Available d. c. fan -out (full temperature range) 

D.C. noise margin (full temperature range) 

Average power consumption (each gate) 

Tamb = 25 oC 

Vp 5.0±5°/o

Tamb 0 to +70 oC 

tpd 

Na

ML 

pav 

typ. 22 ns 

> 10 

> 0.4 V 
typ. 1.0 V 

typ. 7, 5 mW 

The FJH231/7401andFJH291/7403 are quadruplet -input NAND gates with open -col-

lector output transistors for use in "wired-0R"connection with other gates of the FJ 
family. 
The FJH291/7403 is pin -compatible with the FJH131/7400 NAND gate. 

PACKAGE OUTLINE 14 lead plastic dual in -line (type A) (See general Section) 

December 1970 ii 1 



FJii231/7401 
FJH291/7403 
quadruple NAND gates 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

G~ 

GZ

G3 
TRL 

TRS GS 
TR7 

TR8 G~ 

G~ •  G6 •  Ge
TR3 TR6 TR9 TR12 

 •8 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7.0 V 

D.C. output voltage 
(applied through RL > 270 S2) VQ max. 7.0 V 

G input voltage VG max. 5, 5 V 1) 

Peak negative G input voltage -V GM max. 2 V 2) 

Storage temperature Tstg -55 to +150 °C 

Operating ambient temperature Tamb 0 to +70 °C 

1) Tn addition, the voltage betw2en any two inputs must not exceed 5.5 V. 
2) Pulse duration tp = 20 ms; repetition frequency f = 5 MHz; source resistance 

RS _> 75 S2. 

2 November 1970 



FJ family 
standard temperature range 

FJH 231 /401 
FJH291/7403 
quadruple NAND gates 

Fan -out and the "wired-OR" function 

TTL gates with open collector can be connected to a common load resistor (RL) to 
give awired-OR function. 
A gate alone will drive 10 TTL loads; when it is paralleled with other gates, it can 
drive from 1 to 9 loads. 

Vp 

~, ~~ 
G~  

"WIRED-OR" 

L 

"fan-out" 

To find the proper value of RL, see application information on page 6. 

Wired -OR logic function (positive logic) 

Q = Gl.G~+G3.G4+   +Gi.Gj 

November 1970 3 



FJH 231 /7401 
FJH291/7403 
quadruple NAND gates 

FJ family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb (°C) 

25 70 

Conditions and references 

VP 
(V ) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0. 8 0. 8 0. 8 V 

Input threshold HIGH VGHmin 2.0 2.0 2.0 V 

Output LOW V 0.4 0.4 0.4 V 4.75 IQ -IQLmax; 
QLmax VG = VGHmin 

Output HIGH V Hmin 2.4 2.4 2.4 V 4.75 
-IQ 

-IQHmax; 
Q VG = VGLmax 

Currents 

Input LOW -IGLmax 1.6 1.6 1.6 mA 5.25 VG = VQLmax; IQ = 0 

Input HIGH IGHmax 40 40 40 µA 5.25 VG = VQHmin; IQ = 0 

other inputs 0 V 

Output LOW IQLmax 16 16 16 mA 

Output HIGH (reverse) IQHmax 250 250 250 µA 4.75 VG=VGLmax 
VQ =5.5 V 

SUPPLY DATA 

Supply current 

Output LOW 
t 

IpL, ~~ 
12 

22 
12 

22 

12 

22 
mA 

mA 
5.0 

5.0 VG
-5.0 V; IQ = 0 

Output HIGH IpH typ. 4.0 4.0 4. 0 mA 5.0 VG = 0; IQ = 0 
< 8 8 8 mA 5.0~ 

DYNAMIC DATA 

Rise propagation tpdr  typ. - 35 - ns 5.0 l 
delay time tpdr < - 45 - ns 5.0 RL, = 3. 9 kS2; CL, = 15 pF 

Fall propagation tpd{ typ. - g - ns 5.0 

delay time tpd{ < - 15 - ns 5.0 RL = 390 S2; CL = 15 pF 
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FJ family 
standard temperature range 

FJH431/7401 
FJH291/7403 
quadruple NAND gates 

CHARACTERISTICS (continued) 

GENERATOR 
OUTPUT 

G INPUT 

Q OUTPUT 

4V 

OV 

VGH 

VGL 

VOH 

COL 

90% 

.~ t L

50'/0 50'/0 

10% 10%~ 

~ tf ~ —► tr 

90°/e 

f 

1.5V 

t 2.4V 

of 

tsv 

1.5 V 

~— dr 

1.SV 

7255474 

pulse 
generator 

TTL 
buffer gate 

1) Including probe and jig capacitance 

Z ) RI, = 390 S2 for tpdf 
RI, = 3900 S2 for tpdr 

21 

 ~ VP 

CLTSpFtI 

7255477 
 O 
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FJH431/7401 
FJ H Z91 /7403 
quadruple NAND gates 

FJ family 
standard temperature range 

APPLICATION INFORMATION 

Determining the value of RL 

Proper operation of the functions mentioned depends on the value of the common 
load resistor. The maximum value is set by the need to ensure sufficient load cur-
rent to TTL loads and off current IQHmax through paralleled outputs when the output 
is HIGH. A minimum value is set by the need to limit the total current through the 
resistor, including the "sink" current of the TTL loads, so that the output voltage 
does not rise above the LOW level, even when one of the paralleled outputs is ab-
sorbing all the current. The table shows minimum and maximum resistor values for 

up to 10 TTL loads and up to 7 gates connected in wired -OR. 

Table I 

fan -out 

to TTL 
wired-OR outputs 

1 2 3 4 5 6 7 1 to 7 loads 

1 8965 4814 3291 2500 2015 1688 1452 319 

2 7878 4482 3132 2407 1954 1645 1420 359 

3 7027 4193 2988 2321 1897 1604 1390 410 

4 6341 3939 2857 2241 1843 1566 1361 479 

5 5777 3714 2736 2166 1793 1529 1333 575 

6 5306 3513 2626 2096 1744 1494 1306 718 

7 4905 3333 2524 2031 1699 1460 1280 958 

8 4561 3170 2429 1969 1656 X X 1437 

9 4262 3023 X X X X X 2875 

10 4000 X X X X X X 4000` 

maximum min. 

load resistor values in ohms 

X =not recommended or not possible 

=the thoretical value is o0 

All values shown in the table are based on: 

Logical HIGH conditions: Vp = 5 V; VQH required = 2.4 V 

Logical LOW conditions: Vp = 5 V; VQL, required = 0.4 V 

6 November 1970 



FJ family 
standard temperature range 

FJHZ31/7401 
FJHZ91/7403 
quadruple NAND gates 

APPLICATION INFORMATION (continued) 

Circuit calculations 

HIGH (off level) configurations (see figure below) 

vP TTL loads 

~~ 

M=4 

M.IQH = 4x 250 µA NIGH = 3 x 40 µA 

N=3 

(5— 2.4)V 
RLmax = (0.001 + 0.00012)A 

2321 S2 

The allowable voltage drop across the load resistor (VRL) is the difference between 
Vp applied and the output voltage VQH required at the TTL load. 

VRL, = Vp —VQHmin 

The total current through the load resistor (IRL) is the sum of the load currents 
IOH and off -level reverse current IQH through each of the "wired -OR" connected 
outputs. Putting N as the number of TTL loads, and M as the number of outputs, the 
current is given by 

IRL = M.IQH + N.IGH 

Therefore, the maximum value of R L is 

Vp — VQHmin 
RLmax M.IQH + N.IGH 

November 1970 7 



FJHZ31 /7401 
FJH291/7403 
quadruple NAND gates 

FJ family 
standard temperature range 

APPLICATION INFORMATION(continued) 

LOW (on level) configurations (see figure below) 
Vp 

i 

M=4 

IQLmax = 16 mA N. IIGLmax (= 3x 1.6 mA 

current through OFF outputs negligible at LOW output state 

The current through the resistor must be limited to the maximum for one output 
transistor. If several outputs are "wired-OR" connected the current through RL 

may be shared among the paralleled output transistors, but, unless it can beguar-
anteed that more than one transistor will be in the ON-(= conducting) state during 

the LOW output periods, the current must be limited to 16 mA, i.e, the maximum 

current that will still ensure a maximum LOW output voltage of 0.4 V. 

The fan-out current must be considered as well. Part of the 16 mA will be supplied 

from the inputs being driven, which further reduces the current through RL,, 

These considerations lead to the minimum value of RL 

Vp - VQLmax 

RLmin - (0.016-0.0048)A 
410 S2 

fan-out to 
TTL loads 

N=3 

(5 -0.4)V 

IQLmax - N• IIGLmax 

For up to 10 TTL loads and up to 7 "wired -OR" connected outputs table I gives the 
maximum and minimum values of RL calculated in [his way. 
For a single output the values are determined by the fan -out plus the leakage current 

of one transistor. 
More than 7 outputs can be connected in "wired -OR" provided valid maximum and 

minimum resistor values are possible. 
The value of RL for driving 10 loads should be infinite according to these calcula-

tions but 4 kS2 is sufficient to satisfy logic HIGH while keeping logic LOW to less 

than 0.43 V . 

RLmin 
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FJ family 
standard temperature range 

FJ H241/7404 
FJ H251/7405 

sextuple inverters 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-

dium speed digital equipment in computing, telecommunication, instrumentation and 

control. 

Features of the FJ family: * high -fan -out *low power consumption (typ. 10 mW for 

standard gates) *high logic swing +low output impedance *short circuit protection 
■ high capaci[ance drive capabili[y * high noise margin ([yp. 1.0 V for standard 

gates) *comprehensive rar_ge of circuits, including NAND gates, AND-OR -NOT 

gates, gate expanders, flip-flops and complex -function devices. 

SEXTUPLE SINGLE INPUT INVERTERS 
Sextuple single input inverter with an active output (totem pole): FJH241/7404 

Sextuple single input inverter with an open collector output: FJH251/7405 

1 G1 ~Qt 2 

3 Gz D~ 4 

5 G3 ~Q3 6 

9 G4 
DO- 

4 8 

„ G5 D D QS 10 

13 G5 D Q 5 12 

9Z4B956. 

P G6 Q6 GS QS G4 Q4

FJ H 241/7404 

G1 Q1 G2 Q2 G3 D3 fd 

uuuuuuu 
'1255401.1 

14 13 12 11 10 9 8 

P G6 D6 GS QS G4 Q4

FJ H 251/7405 

G1 Q1 G2 Q2 G3 03 fb 

9255402.1 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature 

Average propagation delay time 

Vp 

Tamb 

5.0 ± 5~% 

0 to +70 
V 

oC 

N =fan -out = 10; Tamb = 25 ° C FJH241/7404: tpd typ. 10 ns 

FJH251/7405: tpd typ. 24 ns 

Available d. c. fan -out; full temperature range 
(for FJH251/7405 see table on page 5) Na < 10 

> 0.4 V 
D.C. noise margin (full temperature range) M1, 

typ. 1.0 V 
Average power consumption (each gate) 

Tamb - ~~ ~ °C pay typ. 10 mW 

TheFJH241/7404isasextuple single -input inverter with an active output (totem pole). 
The FJH251/7405 is a sextuple single -input inverter with an open collector output 

transistor. It can be used in wired-0R connections with other gates of the FJ family. 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A) (See General Section) 
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FJH241/7404 
FJ H251/7405 

sextuple inverters 

FJ fatuity 
standard temperature range 

CIRCUIT DIAGRAMS 

FJH241/7404 

1 I 

R3 

T 
FJH251/7405 

1 I 

2 September 1970 



FJ family 
standard temperature range 

FJ H241/7404 
F! H251/7405 
sextuple inverters 

RATINGS Limitingvalues in accordance with the Absolute Maximum System(IEC 134) 

Supply voltage Vp max. 7.0 V 

G input voltage VG max. 5. 5 V 

Peak negative G input voltage —VGM max. 2 V 1) 

Storage temperature Tstg —55 to +150 ° C 

Operating ambient temperature Tam 0 to +70 ° C 

Fan -out and "wired-0R" function of FJH251/7405 

TTL inverters with open collector can be connected to a common load resistor (RL,) 

to give awired-OR function. 

An inverter alone will drive 10 TTL loads; when it is paralleled with other inverters 

it can drive from 1 to 9 TTL loads. ~ 
P 

G3~ 

fan-out 
72 55405 

To find the proper value of RL see application information on page 5. 

Wired-OR logic function  (positive logic) 

Q=G1+G2+. . ..Gi

1) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance 
RS >_ 75 S2. 
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FJ H241/7404 
FJ H251/ 7405 
sextuple inverters 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tamb ~° C) 

0 25 75 

Conditions and References 

Vp 
(V ) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0.8 0.8 0.8 V 

Input threshold HIGH VGHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4V 4.75 IQ = IQLmax~ VG =VGHmin 

Output HIGH VQHmin 2.4 2.4 2.4V 4.75 ~Q= ~QHmax: VG=VGLmax 

Currents 

Input LOW - IGLmax 1.6 1.6 1.6mA 5.25 VG = VQLmax~ IQ = 0 

Input HIGH IGHmax 40 40 40µA 5.25 VG =VQHmin: IQ = 0 

Output LOW IQLmax 16 16 16 mA 

Output HIGH 
FJH241/7404 

- IQHmax 400 400 400µA 4.75 VQ =VQHmin 

Output reverse 
HIGH;FJH251/7405 IQHmax 250 250 250µA 4.75 (VG = VGLmax 

lVQ = 5.5 V 

Output short circuit- I 18 18 18mA 5.25 
ed FJH241/7404 Qscmin }VG = 0; VQ = 0 
See note 1 - IQscmax 55 55 55 mA 5.25 

SUPPLY DATA. 

Output LOW Ip L typ. 18 18 18mA 5.0 1 
< 33 33 33 mA 5. 0 

VG = 5 V; IQ = 0 

Output HIGH IpH typ. 6 6 6 mA 5. 0 1 
< 12 12 12 mA 5. 0 J

VG - 0, IQ - 0 

DYNAMIC DATA 

Rise propagation 
delay time: 

t<yp. 
_ _ 

FJH241/7404 
~aT

_ 22 - ns 5.0 
}RL = 390 S2; CL = 15 pF 
11

~RL 
FJH251/7405 Ypdr ~~ = 3.9 kS2; C L = 15 pF 

Pte' 
_ 505 - ns 5.0 

Fall propagation 
delay time 

t dg typ. 
P 

tpdf < 
- 8 - ns 
- 15 - ns 

5.0 
5.0 

RI, = 390 S2; CL = 15 pF 

Note 1: Not more than one output should be short circuited at a time 

4 September 1970 



FJ family 
standard temperature range 

F1H241/7404 
FJH251/7405 

sextuple inverters 

APPLICATION INFORMATION for FJH251/7405 

Determining the value of Ri g

Proper operation of the functions mentioned depends on the value of the common load 
resistor. The maximum value is set by the need to ensure sufficient load current to 
TTL loads and off current IQHmax through paralleled outputs when the output is 
HIGH. A minimum value is set by the need to limit the total current through the re-
sistor, including the "sink" current of the TTL loads, so that the output voltage 
does not rise above the LOW level, even when one of the paralleled outputs is ab-
sorbing all the current. The table shows minimum and maximum resistor values 
for up to 10 TTL loads and up to 7 gates connected in wired-OR. 

Table I 

fan -out 
to TTL 

wired-OR outputs 

loads 1 2 3 4 5 6 7 1 to 7 

1 8965 4814 3291 2500 2015 1688 1452 319 

2 7878 4482 3132 2407 1954 1645 1420 359 

3 7027 4193 2988 2321 1897 1604 1390 410 

4 6341 3939 2857 2241 1843 1566 1361 479 

5 5777 3714 2736 2166 1793 1529 1333 575 

6 5306 3513 2626 2096 1744 1494 1306 718 

7 4905 3333 2524 2031 1699 1460 1280 958 

8 4561 3170 2429 1969 1656 X X 1437 

9 4262 3023 X X X X X 2875 

10 4000 X X X X X X 4000*

maximum min . 

load resistor values in ohms 

X =not recommended or not possible 

* =the theoretical value is o0 

All values shown in the table are based on: 

Logical HIGH conditions: Vp = 5 V; VQH required = 2.4 V 

Logical LOW conditions: Vp = 5 V; VQL required = 0.4 V 
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F1 H241/7404 
Fl H251/7405 

sextuple inverters 

FJ family 
standard temperature range 

APPLICATION INFORMATION (continued) 

Circuit calculations 

HIGH (off level) configurations (see figure below) 

Vp 

M.IQII = 4 x 250 µA 

IOH 

~GL 

IOH 

-
off 

_l 

VVV  ~ 
IaH 

VGL 

~^ i 
~ IQH IGH ~~ 

M=4 N.3 

N .IGH = 3 x 40 µA 

7255406 

RLmax (0.001 + 0.00012)A - 
2321 S2 

The allowable voltage drop across the load resistor (VRL) is the difference between 
Vp applied and the output voltage VQH required at the TTL load. 

VRL, = VP - VQHmin 

The total current through the load resistor (IRL) is the sum of the load currents 
IGH and off-level reverse current IQH through each of the "wired-OR" connected 
outputs. Putting N as the number of TTL loads, and M as the number of outputs, the 
current is given by 

IRL = M.IQH +N.IGH

Therefore, the maximum value of RL is 

_  Vp - VQHmin 
RLmax M .IQI I + N .IGH 
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FJ family 
standard temperature range 

FJ H241/7404 
F1 H 251/ 7405 
sextuple inverters 

APPLICATION INFORMATION (continued) 

LOW (on level) configurations (see figure below) 

Vp 

1 
RL

UGH 

on 

IGL max 

off 

VGL 

off 

VGL~ 

off 

~GL~ 
VVV

~r 

M=4 

IQLmax = 16 mA N. 

IRL 

TTLloads 

IGL 

IGL 

~-
IGL ~. J

N.3 
]Z5540] 

I 3 x 1.6 mA R -  (5-0.4)V  - 410 S2 GLm~ I = Lmin - (0,016-0.0043)A 

*current through OFF outputs negligible at LOW output state 

The current through the resistor must be limited to the maximum for one output 
transistor. If several outputs are "wired-OR " connected the current through RL 
may be shared among the paralleled output transistor, but, unless it can be guar-
anteed that more than one transistor will be in the ON-(= conducting) state during 
the LOW output periods, the current must be limited to 16 mA, i,e. the maximum 
current that will still ensure a maximum LOW output voltage of 0.4 V. 
The fan -out current must be considered as well. Part of the 16 mA will be supplied 
from the inputs being driven, which further reduces the current through RL; 
These considerations lead to the minimum value of RL

_  Vp - VQLmax 
RLmin 

IQLmax - N • IGLmax 

For up to 10 TTL loads and up to 7 "wired-OR" connected outputs table I gives the 
maximum and minimum values of RL, calculated in this way. 
For a single output the values are determined by the fan-out plus the leakage current 
of one transistor. 
More than 7 outputs can be connected in "wired-OR" provided valid maximum and 
minimum resistor values are possible. 
The value of RL for driving 10 loads should be infinite according to these calcula-

tions but 4 kSt is sufficient to satisfy logic HIGH while keeping logic LOW to less 

than 0.43 V. 
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FJ family FJHZ61/7442 
decoder 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control . 

Features of the FJ family: -~= high-fan-out =~~ low power consumption (typ. 10 mW for 
standard gates) =~= high logic swing ~ low output impedance -.= short circuit protection 
'~ high capacitance drive capability -~= high noise margin (typ. 1.6 V for standard 
gates) == comprehensive range of circuits, including NAND gates, AND-OR-NOT 
gates, gate expanders, flip-flops and complex-function devices. 

BCD-to-DECIMAL DECODER 

00
15 I~ z 

nz 3 

14 Iy 
4 P I~ IZ I4 Ie ~e ~e ~~ O ~3 

„fit 5 

13 I~ 
decoder 6 FJ H 261 / 7442 

p0 ~1 4 2 4 3 ~4 ~5 a6 I~ 0~6 7 
9 

12 IB uuuuuuuu O ~7 

10 7Z 55702 O n8 

9 11 

7248995.1 

QUICK REFERENCE DATA 

Supply voltage Vp 5 ± 5~ V 

Operating ambient temperature Tam 0 to +70 °C 

Available d. c. fan-out (each output) Na > 10 

Average propagation delay 
tPd 

typ. 20 ns 

Average power consumption Pav typ. 140 mW 

PACKAGE OUTLINE 16 lead plastic dual in-line (type A) (S.ee General Section) 

~~ 
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FJH261/7442 
decoder 

FJ family 

GENERAL DESCRIPTION 

The FJH261/7442 is a multipurpdse decoder which accepts four BCD (8-4-2-1 code) 
inputs and provides ten mutually exclusive outputs. 
The active LOW outputs facilitate addressing functions when inverting drivers are 
used. Full decoding of valid input logic ensures that all outputs remain HIGH (off) 
for input binary codes greater than nine. 
The most significant input (I g) provides a useful inhibit function when the FJH261/7442 
is used as a 1-of-8 decoder, as shown in the APPLICATION INFORMATION section 
on page 6. 

LOGIC DIAGRAM 

~~- 
I~ ~~ • -

~~~///

I4 
V 

-0°-: '~~ 

-0~'~ 

~~-~ 

~~O  Q~ 

~Qo 

 Opp

o pp 

OQ 3

O Q4

 OQ5

 OQ6

 Ogg 

 Ogg 

7Z55]04 
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FJ family FJHZ61/7442 
decoder 

FUNCTION TABLE 

inputs outputs 

Ig I 4 IZ I1 QO Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

L H H H H H H H H H 
H L H H H H H H H H 
H H L H H H H H H H 
H H H L H H H H H H 
H H H H L H H H H H 
H H H H H L H H H H 
H H H H H H L H H H 
H H H H H H H L H H 
H H H H H H H H L H 
H H H H H H H H H L 
H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 
H H H H H H H H H H 

H =HIGH (the more positive voltage) 
L =LOW (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 

Input voltage (d. c. ) 

Negative transient input voltage 

Vp max. 7 V 

VI max. 5.5 V 1) 

(tp = 20 ns; f = 5 MHz, RS > 75 S2) —VI M max. 2 V 

Operating ambient temperature Tam  0 to +70 °C 

Storage temperature Tstg —65 to +150 ° C 

1) In addition, the voltage between any two inputs must not exceed 5.5 V. 

i 
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FJH261/7442 
decoder 

FJ family 

CHARACTERISTICS 

Tamb (oC) 

0 25 70 

Conditions and 
references 

VP 
(V) 

STATIC DATA 

Voltages 
Input threshold LOW ~'ILmax 0. 8 0. 8 0. 8 V 4. 75 

Input threshold HIGH VIHmin 2.0 2.0 2.0 V 4.75 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ = 16 mA 

Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ = 400 µA 

Currents 
Input LOW 

(each input) -IILmax 1. 6 1. 6 1. 6 mA 5.25 VI = 0. 4 V 

Input HIGH 
(each input) IIHmax 40 40 40 µA 5.25 VI = 2. 4 V 

• IIHmax 1 1 1 mA 5.25 VI = 5. 5 V 

Output LOW IQLmax 16 16 16 mA 

Output short 
circuited I)

-IQsc min 18 18 18 mA 5.25 

- IQsc max 55 55 55 mA 5.25 

SUPPLY DATA 

Supply current IP typ. -- 28 - mA 5. 0 1 VI = 0 V 
IP 5 56 56 56 mA 5. 25 J 

DYNAMIC DATA min. typ. max. 

Propagation delay 
times 

Rise: through two 
logic levels 
through three 
logic levels 

tpdr 

tpdr

10 

- 

17 

26 

25 

35 

ns 

ns 

5.0 

5.0 CL = 1SpF 
Fall: through two N = 10 

logic levels 
through three 
logic levels 

tpdf 

tpdf 

10 

- 

22 

23 

30 

35 

ns 

ns 

5. 0 

5. 0 

Tamb = 25 °C 

1) Only one output to be shorted at a time. 
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FJ family FJHZ61/7442 
decoder 

APPLICATION INFORMATION 

Digital demultiplexer 

Data may be routed from a single source to any of 8 outputs by addressing that out-
put. All other outputs remain HIGH.Complements of outputs QO and Q1 are available 

at Qg and Q9 respectively. 

address 

data 

i 

z 

decoder 
c 

e 

Do
OQ

O~ 

OZ
O43 

0 
4

s 
6 

O~~ 
O~e

7Z 55703 

xo

X~ 

xZ

X3

X4

x5

X6

x~ 
Xo
X~ 

address output 

A B C line 

L L L 

H L L 

L H L 

H H L 

L L H 

H L H 

L H H 

H H H 

Xp 

Xl

XZ

X3

X4

X5

X~ 

X7
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FJH261/7442 
decoder 

FJ family 

APPLICATION INFORMATION (continued) 

1-of-32 decodiz~ 

The general purpose nature of the FJH261/7442 is shown by this application, where 
the most significant input (Ig) is used as an inhibit in the four 1-of-8 decoders. 

data 
egister 

O 
O 

O 3 
O 4 
O 5 
O 6 

O 7 

O 
O—

O —
E 

v 

O 

O 

O—

x 
O—

9 
LL O—

O 10 
11 strobe 

O—

O—  n O 12 
O- 

z 
13 

LL O m 

O 15 
O —

O 16 
O 17 
O t6 

O 19 

` 

O 20 

O 21 

O LL 22 

O 23 

O-

O 24 

O 26 
O 26 

O 27 
3 

O 28 

O 
x 

29 

LL O 30 

O 31 

O—

O-
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FJ family 
standard temperature range 

FJH291/7403 
quadruple NAND gate 

QUADRUPLE 2-INPUT NAND GATE 

For data of this type please refer to FJH231/7401 

December 1970 1 





FJ family 
standard temperature range 

FJH301/7426 
FJH311/7401-S1 
FJH321/7405-S1 

The FJ family of TTL silicon monolithic integrated circuits is designed for medium 
speed digital equipment in computing, telecommunication, instrumentation and con-
trol. 

Features of the FJ family: >~~ high -fan -out -~= low power consumption (typ. lOmW for 
standard gates) =~~ high logic swing >~~ low output impedance -~~ short circuit protec-
tion -~= high capacitance drive capability =~= high noise margin (typ. 1.0 V for stan-
dard gates) =~~ comprehensiverange of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex-function devices. 

NAND GATES 
Quadruple, 2 -input NAND gate, with open collector FJH301/7426 
Quadruple 2 -input NAND gate, with open collector FJH311/7401-51 
Sextuple single input inverter, with open collector FJH321/7405-51 

9248963.1 

FJH301/7426 

1 Gt at 2 

3 ~2 az 4 2 Gt 
nt 1 

3 Gy 
1~ 

5 G3 6 
5 G3 D2 4 

O-3 

6 G4 
9 G4 ~4 8 

8 G5 
10 

~ 

43 
9 G6 G5 a5 10 ~ 11 

11 7 
~l. 13 13 G6 ~5 12 12 e 

9246969.1 

FJH311/7401-51 

9Z 46956.1 

FJH321/7405-51 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 ± 5~ V 
Operating ambient temperature Tamb 0 to +70 ° C 
Output voltage VQ max. 15 V 
Average propagation delay 

N =fan -out = 10; Tamb = 25 ° C tpd max. 22 ns 
Available d. c. fan -out (full temperature range) Na > 10 

> 0.4 V 
D.C. noise margin (full temperature range) ML ~ typ. 1.0 V 

Average power consumption at Tamb = 25 ° C pav typ. 10 tnW 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A) See General Section 
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FJH301/7426 
FJH311/7401-S1 
F1 H 321/7405-S1 

FJ family 
standard temperature range 

CIRCUIT DIAGRAMS 

FJH301/7426 and FJH311/7401-51 

,4 ,3 ,z „ ,a n n ,4 ,3 ,2 „ ,o n n 
P Gq G~ 0~ G6 GS G3 P d4 GB G~ Gy G6 GS

FJH 301/7426 FJ H311/7401-5i 

G, GZ 0~ G3 Gy OZ H 0~ G~ Gz Qy G~ G4 H' 

uuuuuuu 

FJH321/7405-S1 

uuuuuuu 

,4 ,3 ,~ „ ,o n n 
P G6 G6 G5 OS G~ G~ 

FJ H321/7406-61 

G~ G~ Gi GT G3 G3 H 

uuuuuuu 
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FJ family 
standard temperature range 

FJH301/7426 
KJH311/7401-S1 
FJ H 321/7405-S1 

This series of open-collector NAND gates features 15V output voltage ratings and is 
intended to be used for interfacing with MOS logic or as open-collector drivers for 
indicator lamps and relays. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7.0 V 

D. C. output voltage VQ max. 15 V 

D.C. input voltage VG max. 5.5 V 1) 

Peak negative input voltage —VGM max. 2 V.2) 

Storage temperature Tstg —65 to +150 °C 

Operating ambient temperature Tamb 0 to +70 °C 

Fan-out and the "wired-0R" function 

TTL gates with open collector can be connected to a common load resistor (RL,) to 
give awired-OR function. 
A gate alone will drive 10 TTL loads; when it is paralleled with other gates, it can 

drive from 1 to 9 loads. 

I 
II I 

Gj ~J 

t_~ 

wired OR" "fan-out" 

To find the proper value of RL, see application information can page 6. 

Wired-OR logic function (positive logic) 

Q=G1• G2+G3+ +Gi •G~ 

1) In addition, the voltage between any two inputs must not exceed 5. 5 V 
2) Pulse duration tp = 20 ns; repetition frequencyf = 5 MHz; source resistance RS > 75 S2 
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FJ H301/7426 
FJH311/7401-S1 
FJ H 321/7405-S1 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tamb ~° C) 

0 25 70 

Conditions and References 

Vp 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW VGLmax 0, 8 0. 8 0, 8 V 

Input threshold HIGH VGHmin 2, 0 2, 0 2, 0 V 

Output LOW VGLmax 0.4 0. 4 0.4 V 4. 75 IQ =IQLmax; VG=VGHmin 

Output HIGH VQHmin 15 15 15 V 4. 75 -IQ = 1 mA; VG =VGLmax 

Currents 

Input LOW -IGLmax 1.6 1.6 1.6 mA 5.25 VG = VQLmax~ IQ = 0 

Input HIGH IGHmax 40 40 40 NA 5.25 VG = 2, 4 V; IQ = 0 

Output LOW IQLmax 16 16 16 mA 

Output reverse 
VG =VGLmax: HIGH IQHmax 50 50 50 NA 4, 75 

{VQ = 12 V 

SUPPLY DATA 

Supply current 

Output LOW IpL ~~' _ 22 - mA 5.0 
}VG = 5 V; IQ = 0 

Output HIGH IpH ~~~ _ g - mA 5.0 
1VG = 0; IQ = 0 

DYNAMIC DATA 

Rise propagation 
delay time: tpdr typ. - 35 - ns 5.0 

tpdr < - 45 - ns 5.0 
RL, = 390 52; C1, = 15 pF 

Fall propagation 
delay time: Ypdf tYP• 

pdf 
_ 

15 - ns 5.0 J
RL = 390 S2; CL - 15 pF 
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F1 family 
standard temperature range 

FJ H301/7426 
FJH311/7401-S1 
FJH321/7405-S1 

APPLICATION INFORMATION 

Determining the value of RL, 

Proper operation of the functions mentioned depends on the value of the common load 
resistor. The maximum value is set by the need to ensure sufficient load current to 
TTL loads and off current IQHmax through paralleled outputs when the output is 

HIGH. A minimum value is set by the need to limit the total current through the re-

sistor, including the "sink" current of the TTL loads, so that the output voltage 

does not rise above the LOW level, even when one of the paralleled outputs is ab-
sorbing all the current. The table shows minimum and maximum resistor values for 
up to 10 TTL loads and up to 7 gates connected in wired-OR, 

Table 1 

fan -out wired -0 R outputs 
to TTL 
loads 1 2 3 4 5 6 7 1 to 7 

1 8965 4814 3291 2500 2015 1688 1452 319 

2 7878 4482 3132 2407 1954 1645 1420 359 

3 7027 4193 2988 2321 1897 1604 1390 410 

4 6341 3939 2857 2241 1843 1566 1361 479 

5 5777 3714 2736 2166 1793 1529 1333 575 

6 5306 3513 2626 2096 1744 1494 1306 718 

7 4905 3333 2524 2031 1699 1460 1280 958 

8 4561 3170 2429 1969 1656 X X 1437 

9 4262 3023 X X X X X 2875 

10 4000 X X X X X X 4000" 

maximum min. 

load resistor values in ohms 

X =not recommended or not possible 

=the theoretical value is o0 

All values shown in the table are based on: 

Logical HIGH conditions: Vp = 5 V; VQH required = 2. 4 V 

Logical LOW conditions: Vp = 5 V; VQL required = 0.4 V 
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FJH301/7426 
FJH 311/7401-S1 
FJH 321/7405-S1 

FJ family 
standard temperature range 

APPLICATION INFORMATION (continued) 

Circuit calculations 

HIGH (off level) configurations (see figure below) 

VGL 

vGL 

Vp 

1 
RL ~TTL~IoadOs 

off 'IrtL ~/ 

IaH IGH 

off 

IGH 

off 

.\ 
VGL IGH 

IGH 

off 
VGL 

~ ^ ►—
^~ IQH IGH 

~~ 

M=4 N=3 
7255]61 

M.IQH=4x 250 µA NIGH=3x40 µA 
(5 - 2.4)V 

RLmax = (0.001 + 0.00012)A - 
2321 S2 

The allowable voltage drop across the load resistor (VRL)is the difference between 
Vp applied and the output voltage VQH required at the TTL load. 

VRL = Vp - VQHmin 

The total current through the load resistor (IRI,)is the sum of the load currents IGH 
and off -level reverse current IQH through each of the "wired-OR"connected outputs. 
Putting N as the number of TTL loads, and M as the number of outputs, the current 
is given by 

IRL = M. IQH + N. IGH 

Therefore, the maximum value of RL is 

Vp - VQHmin 
RLmax = M. IQH + N. IGH 
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FJ family 
standard temperature range 

FJH301/7426 
FJH311/7401-51 
FJ H 321/7405-S1 

APPLICATION INFORMATION (continued) 

LOW (on level) configurations (see figure below) 

UGH 

aff 

V
GL~ 1IIF~~~ 

off 
VGL~ 

~VVVVVV o
~
ff
~*_ _ " 

VGL~ /v -- 

~..~^~ 

M=4 

TTLloads 

IGL ~^~ 

N.3 
]Z55409 

I 16 mA N. I Lmax 3 x 1.6 mA R 
(5 - 0. 4)V 

QLmax = ~ G ~ = Lmin = (0.016 -0.0048)A - 410 52 

-~=current through OFF outputs negligible at LOW output state 

The current through the resistor must be limited to the maximum for one output 
transistor. If several outputs are "wired -OR" connectedthe current through RL may 
be shared among the paralleled output transistor, but, unless it can be guaranteed 
that more than one transistor will be in the ON-(= conducting) state during the LOW 
output periods, the current must be limited to 16 mA, i.e. the maximum current 
that will still ensure a maximum LOW output voltage of 0.4 V. 
The fan -out current must be considered as well. Part of the 16 mA will be supplied 
from the inputs being driven, which further reduces the current through RL; 
These considerations lead to the minimum value of RL 

RLmin = IQLmax - N• ~IGLmax~ 

For up to 10 TTL loads and up to 7 "wired -O R" connected outputs table I gives the 
maximum and minimum values of RL calculated in this way. 
For a singe output the values are determined by the fan -out plus the leakage current 
of one transistor. 
More than 7 outputs can be connected in "wired -OR" provided valid maximum and 
minimum resistor values are possible. 
The value of RL for driving 10loads should be infinite accordingto these calculations 
but 4 kS2 is sufficient to satisfy logic HIGH while keeping logic LOW to less than 
0.43 V. 

Vp - VQLmax 
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FJ H301/7426 
FJH311/7401-S1 
FJ H 321/7405-S1 

FJ family 
standard temperature range 

APPLICATION INFORMATION (continued) 

Typical application of open-collector gates as interface with MOS circuit. 

output 
inhibit 

sv =-LZ.,
i 

TTL i

TTL 

+12 V to -14V 
r~~ 

g~~ ~gz 
A 

AZ

A 

A 

TTL 

Aa 
Aq 

C 

FDR116Z... 
ROM 

1 

I 

R 

U 0 

I~ 

— _J 

Ra 

+12V Y6% 

I`  J

Ds 

R =2kD 

R1 

2 R2 

R3 

-f4VSo/a 

+6V 

I

~  

Ri

r TTL 

R3 

r 
-14vss~~ 

The example above shows a FDR116Z 2560-bit read-only memory being used to-
gether with TTL, 
Open-collector gates are used at the input interface, each collector being taken 
through a 2 kS2 resistor to the 12 V positive supply voltage of the FDR116Z. A nor-
mal totem-pole output FJ typeis used as the output to restore the TTL logic levels. 
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FJ family 
standard temperature range 

FJJ101/7470 
JK flip-flop 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: * high -tan -out *low power consumption (typ. 10 mW for 
standard gates) ~ high logic swing *low output impedance ~ short circuit protection 
* high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND -OR -NOT 
gates. gate expanders, flip-flops and complex -function devices. 

3 

SINGLE JK FLIP-FLOP (AND INPUTS) 

13 

J~ 
4 Jz 

5 J3 

2 T 
 O 

9 K~ 

10 KZ 
11 K3 

S~ 
~_ 

FF 

01 8 

DZ 6 

5 2 

'! Z 489'10.1 

P 51 T K3 Kp K1 Q1

FJJ101~7470 

n.c. 52 J1 Jz J3 az g 

vzssz3z 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 ± Sao V 

Operating ambient temperature range Tamb 0 to +70 oC 

Available d.c. fan -out (full temperature range) Na ~ 10 

Max. operating frequency; Tamb - 25 °C f > 20 MHz 

Average power consumption; Tamb = 25 oC Pav typ. 70 mW 

The FJJ101/7470 is a monolithic, edge -triggered JK flip-flop with gated inputs, direct 
Sl and S2 inputs, and complementary Q1 and Q2 outputs. It is suited for medium 
and high speed applications. In systems where input gating is required, its use can 
lead to a lower package count and reduced system power dissipation. Input informa-
tion is transferred to the outputs in time with the positive-going edge of the trigger 

pulse. Direct -coupled input triggering occurs as soon as the trigger pulse reaches a 

fixed threshold voltage; thereafter the gated inputs are locked out. 

PACKAGE OUTLINE : 14 lead plastic dual in -line (type A) (See General Section) 
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FJJ101/7470 
JK flip-flop 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 
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FJ family 
standard temperature range 

FJJ101/7470 
jK flip-flop 

FUNCTION TABLE 

to tn+ 1 J=J1•J2•J3 

J * K** Q 
.' K=K1 . K2 . Kg 

L L Qn S1 and S2 function can only occur when T is LOW. 
L H L 
H L H 
H H Qn 

H=HIGH state (the more positive voltage) 

L=LOW state (the less positive voltage) 

:RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7.0 V 

Input voltage VJ, VK, VT, VS max. 5.5 V1) 

Peak negative input voltage (J, K, T> S) —VM max. 2 V2) 

Storage temperature Tstg —55 to +150 °C 

Operating ambient temperature Tamb 0 to +70 ° C 

1) In addition the input voltage between any two J inputs or between any two K inputs: 
max. 5.5 V. 

2) Pulse duration tp = 20 ns; repetition frequency f =5 MHz; source resistance 
RS > 75 S2. 
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fJJ101/7470 
JK flip-flop 

F1 family 
standard temperature range 

CHARACTERISTICS 

Tamb (oC) 

0 25 70 

Conditions and references 

Vp 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW 
(any input) VILmax 0.8 0.8 0.8 V 
Input threshold HIGH 
(any input) VIHmin 2.0 2.0 2.0 V 
Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ=I Lmax 
Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ=-rQHmax 

Currents 

Input LOW (T, J, K) -IILmax 1.6 1.6 1.6 mA 5.25 VI=V IQ=O QLmax; 

Input HIGH (T, J, K) IIHmax 40 40 40 µA 5.25 VI=VQHmin; IQ=O 

Input LOW (S) -ISLmax 3.2 3.2 3.2 mA 5.25 VS=VQLmax• IQ=O 

Input HIGH (S) ISHmax 80 80 80 µA 5.25 VS=VQHmin; IQ=O 

Output LOW IQLmax 16 16 16 mA 

Output HIGH -IQHmax 0.4 0.4 0.4 mA 

Output short circuited -IQscmin 
-IQscmax 

18 
57 

18 
57 

18 
57 

mA 
mA 

.5.25 
5.25 

VI=O; V =0 
Q 
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FJ family 
standard temperature range 

fJJ101/7470 
JK flip-flop 

CHARACTERISTICS (continued) 

Tamb (° C) 
Conditions and 

references 

0 25 70 
Vp 
(V) 

SUPPLY DATA 

Supply current Ip 
typ. 
< 

13 
26 

13 
26 

13 
26 

mA 
mA 

5. 0 
5, 0 

l IQ=O 
J 

DYNAMIC DATA 

Signal requirements 

Rise time (T input) t•pr < - 150 - ns 5.0 

Pulse duration (T input) tTH - 20 - ns 5.0 

Pulse duration (S input) tS1, - - 25 - ns 5.0 

Performance 

Rise propagation 
delay time (S~Q) tpdr < - 50 - ns 5.0 N=10 

Fall propagation 
delay time (S-►Q) tp~ < - 50 - ns 5. 0 N=10 

tpdr > - 10 - ns 5.0 

Rise propagation tpdr typ. - 27 - ns 5, 0 } N=10 
delay time (T-~Q) tp~ < - 50 - ns 5.0 JJJ

tpdf > - 10 - ns 5.0 1 
Fall propagation tpdf typ. - 18 - ns 5.0 N=10 
delay time (T-~Q) tpdf < - 50 - ns 5. 0 

J} 

Set-up time Q3. K1) tsumin < - 20 - ns 

Hold time U1~ J2, K2, K3) tholdmin < - 5 - ns 

Preset time (S1) tSl > - 25 - ns 

Clear time (S2) tS2 > - 25 - ns 

Maximum f > - 20 - MHz 
5.0 

, 
N=10 

operating frequency f typ. - 35 - MHz 

September 1970 5 



FJJ101 /7470 
JK flip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA VIH 

VI H 

AIL 

tf=3 i0 sr15 ~ 

VI H  

2V 

t.SV 

7V 

VIL 

• - ttr 

1V 

2V 

Waveform illustrating trigger signal rise time 
—tst 

2V 

1.SV 

1V 

VIL 

VaH 

COL 

~-

S~ INPUT 

~—t r =3 to Ens 

s-- t52 

2V 

1.5V 

1V 

todf —~ 

t.SV 

tf=3 to 6ns---► •—

~tPdr—► 

--+ 

]255)!01 

INPUT 

f—t r=3 t0 6ns 

1.5V 

Waveforms illustrating measurement of tpdr and tpdf. 

to ~~ 
or QZ

m 

I) Including probe and jig capacitance. 

+SV 

7zss7ze 

QZ OUTPUT 

7255382.2 

6 September 1970 



F1 family 
standard temperature range 

FJJ101 /7470 
JK flip-flop 

CHARACTERISTICS (continued) 

D1 vAMIC DATA 

VI H 

T INPUT 

VIL 

VoH 

tr=9ns tf=9ns 
y ~-

F2V 2Va 

1.5V 1.SV 

1V 1V 

tTH 

O~ or Q2 OUTPUT 

VoL 

VaH 

t pdf 

~.sv 

O~ or 02 OUTPUT 

VOL 

VI H 

tpdr 

---► tJ3L Or tK1L 

2v 

J3 or K~ INPUT ~.sv 
r 1V 

VIL 

VIH 

f --

y ~--

t f =3 to fins 

Set-up time 

t f =3 to fins 
1 ~ 

J or K INPUT *) 

VIL 

zv 
1.fiV 

1V 

hold time 

—~ 

Waveform illustrating switching times. 

*) J = J1 or J2 
K- KZorK3 

tJH Of tKH f 
7Z553~7.1 

~.sv 

September 1970 7 





F1 family 
standard temperature range 

FJJIII/7472 
JK flip-flop 

The FJ family of TTL silicon tnonolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the F) family: *high -tan -out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing *Low output impedance *short circuit protection-
* high capacitance drive capability * high noise margin (tvp. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND -OR -NOT 
gates, gate expanders, flip-flops and complex -function devices. 

SINGLE JK MASTER-SLAVE FLIP-FLOP 
(AND INPUTS) 

13 

3 ~t 
4 ~z 
5  
12 T 
9 Kt
10 K2 
11 K3 _~ 

St 

_~ 

FF 

4t 8 

DZ 6 

Z 7Z4B911.1 

QUICK REFERENCE DATA 

Supply voltage y' P J.O ~- J~ V 

Operating ambient temperature range Iamb 0 to + 70 oC 

Available d.c. fan -out (full temperature range) N'a 3 10 

Max. operating frequency; Tamb - 2~ oC f > 10 `9Hz 

Average power consumption; Tamb - 2~ °C Pay Cyp. 40 mW 

The FJJll 1/7472 is a master-slave flip-flop havingthree J andthree K input (AND func-
tion). The circuit operates at a frequency up to 15 MHz (typ. ). The information at 
the J and K input enters the master when T is HIGH. Afterwards, when T is LOW, 
the information is transferredfrom the mastertothe slave andappears at the outputs. 

PACKAGE OUTLINE: 14 lead plastic dual in -line (type A) (See General Section) ̀  

September 1970 1 



FJJIII/7472 
JK flip-flop 

F1 family 
standard temperature range 

i~ 

z-

CIRCUIT DIAGRAM. 

s2o 

J, O 

J 2 0 

J 3 0 

TO 

R3 

TR3 TR6 TR7 

TR 9 

J TR1' 

K~O 

K Z O 

K 3 0 

S, O 

TR2 

R1 

TR 11~ 

R4 R7 R9 

TR13 

R11 

R13 

TR17 

TR16 ~ D 

R14 

TR18 

R17 

R2 RS R8 R10 

/~ ~TR4 TR6 TRB 7R12 

R6 

TR10 

~R12 

TR14 

Rib R18 

TR19 

TR76 ~ D2 

RT6 

iR20 

25538 

LOGIC DIAGRAM 

s,o- 

J2 0J 

13 0 

TO 

R, O 

K ZO 

K 30 

s20 

 OP 

 O D, 

 OH 

1 

2 September 1970 



F1 family 
standard temperature range 

FJJ111/7472 
JK flip-flop 

FUNCTION TABLE 

"J =J1•J2•J3 
"~K=Kl.K2.K3 

to tn+ 1 

J~ K` Q 
L 
L 

L 
H 

Qn 
L S1 and S2 functions are independent of T. 

H L H 
H H Qn 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7.0 V 

Input voltage VJ, VK, VT, VS max. 5.5 V 1) 

Peak negative input voltage (J, K, T, S) -VM max. 2 V 2) 

Storage temperature Tstg -55 to +150 ° C 

Operating ambient temperature Tamb 0 to +70 ° C 

1) In addition the voltage between any two J inputs, or between any two K inputs: max. 
5.5 V. 

2) Pulse duration tp = 20 ns; repetition frequency f =5 MHz; source resistance 
RS ~ 75 S2. 

September 1970 3 



fJJlll/7472 
JK flip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tamb (°C) 

0 25 75 

Conditions and references 

Vp 
(V ) 

STATIC DATA 

Voltage s 

Input threshold LOW 
(any input) VlLmax 0. 8 0.8 0. 8 V 

Input threshold HIGH 

(any input) VIHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ =IQLmax 
Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ =-IQLmax 

Currents 

Input LOW Q, K) -IJLmax 
- IKLmax 

1.6 1.6 1.6 mA 5.25 V K=VQLmax IQ=~~ J 

Input HIGH Q,K) IJHmax 40 40 40 µA 5.25 VJK=VQHmin IQ=O 
IKHmax 

Input LOW (S, T) - IQLmax 3.2 3.2 3.2 mA 5.25 VST=VQLmax IQ=O 
'ITLmax 

Input HIGH (S, T) ISHmax gp g0 g0 µA 5.25 VST=VQHmin IQ=O 
ITHmax 

Output LOW IQLmax 16 16 16 mA 
Output HIGH IQHmax 0.4 0.4 0.4 mA 

Output short circuited IQscmin 
5~ } 5.25 VI=O; VQ=O - 

Qscmax 57 57 mA 

4 September 1970 



FJ family 
standard temperature range 

FJJIII/7472 
JK flip-flop 

CHARACTERISTICS (continued) 

Tamb (oC) 

0 25 70 

Conditions and 
references 

UP 
(V ) 

SUPPLY DATA 

Supply current I typ. 8 8 8 mA 5.0 
P < 20 20 20 mA 5.0 

DYNAMIC DATA 

Signal requirements 

Pulse duration 

(T input) t7-H > - 20 - ns 5.0 

Pulse duration 

(S input) tSl, > - 2~ - ns 5.0 

Performance 

Rise propagation 

delay time (S-+Q) Ypdr ~• 
pdr 

_ 25 - ns } 5.0 N = 10 

Fall propagation 
delay time (S~Q) 

tp , t c'f YP • - - ns 1 5.0 N = 10 
tpdf < - 40 - ns 

1

Rise propagation tpdr > - 10 - ns l 
delay time (T-►Q) tpdr tYP• - 16 - ns } 5.0 N = 10 

tpdr ~ - 25 - ns 
1J

Fall propagation 
delay time (T~Q) 

tpdf > - 10 - ns 
tpdf typ. - 25 - ns ~ 5.0 N = 10 

tpdf < - 40 - ns 

Set-up time tsu > - 0 - ns 

Clear time tc > - 2~ - ns 

Maximum oper- > - 10 - MHz 
ating frequency f typ. 

_ 
15 

- 
MHz 

5.0 N = 10 

September 1970 5 



FJJ111 /7472 
JK flip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T INPUT 

VIH —' 

VIL 

SOH 

tr=10ns 
—► r—

t f=10ns 
~ ~ 

f -2V 2V~ 

1.6V 1.6V 

1v 1v 

~ tTH ~ 

Q~ or 0 2 OUTPUT 

VOL 

VOH 

1.6 V 

ttpdf i 

O~ or 0 2 OUTPUT 

v~L 

ftpdr ~ 

1.6V 

72553!5.1 

Waveforms illustrating measurement of tpdr and tpdf• 

+SV 

390II 

to ~~ 
or Qy 

CI~~ 

7zss7za 

1) Including probe and jig capacitance 

BAW 62 
(4x) 

6 September 1970 



FJ family 
standard temperature range 

FJJIII /7472 
JK flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

~tszL 
VI H 

2V 2V 

52 INPUT }t5v 1.sv 

1v 1v~~ 
VIL 

1 ~-- ~ F 
tf=l0ns tr=l0ns 

~IH 

5~ INPUT 

AIL 

VaH 

t — ts~L ---~ 

2V 2V 

C
\
1.SV 1.SVJ
}1V 1Vt 

—► 
tf=l0ns tr=l0ns 

02 OUTPUT 

V~L 

~aH 

Q~ OUTPUT 

COL  

tpdr 

1.SV 

tpdf 

1.SV 

tpaf 

~tpdr —► 

Waveforms illustrating switching times. 

1.5V 

1.5V 

ozss~ea~ 

September 1970 7 





FJ family 
standard temperature range 

FJJ141/7473 
FJJ261/74107 

dual JK flip-flops 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-

dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: * high -fan -out ■low power consumption (typ. 10 mW for 
'standard gates) *high Logic swing *low output impedance *short circuit protection 
* high capacitance drive capability * high noise margin (typ. 1.0 V for standard 

gates) ■ comprehensive range of circuits, including NAND gates, AND-OR-NOT 

gates, gate expanders, flip-flops and complex -function devices . 

14 

DUAL JK MASTER-SLAVE FLIP-FLOP 

Jt

1 T 

3 K 

7 z 

5 Ty 

10 Kz 

FF 

o, 1i ,

°Z 13 

 O FF 

9 

Qq 8 

S2 I5 4 

2 6 7Z4B972.1 

FJJ121/7473 

12 

4 

Jt

Tt O 
Kt

8 Jz 

9 Tz 

11 Kz 

o, 3 

FF 

 O FF 

oz

Q3 

2 

5 

Q~ 6 

Sz ISc 
13 10 

7Z 48998.1 

FJJ261/74107 

Jt Qz ~t 0' Kz Q3 Q~ 

FJJ121/7473 

Tt Sy K t P Ty S~ Jz 

7Z 55125.1 

P 5z Tt Kz S~ Tz Jz

FJJ261~74107 

Jt az ~t Kt Cly Q4 m 
uuuuuuu 

7Z 55726 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 ± 5~ V 

Operating ambient temperature range Tamb 0 to +70 oC 

Available d.c. fan-out (full temperature range) Na ~ 10 

Max. operating frequency; Tam = 25 oC f > 10 MHz 

Average power consumption; 
Tam = 25 oC (per flip-flop) Pav ~ 40 mW 

The FJJ121/7473 comprises two independent flip-flops, each provided with one J and one 
K input and based on the master -slave principle. The circuits operate ata frequency 
up to 15 MHz (typ. ). The information at the J and K inputs enters the master when T 
is HIGH. Afterwards, when T is LOW, the Information is transferred from the 
[Waster to the slave and appears at the outputs. The FJJ261/74107 is electrically i-
dentical to the FJJ121/7473but has power supply and ground on corner pins. (7 and 14) 
PACKAGE OUTLINE :14 lead plastic dual in-line (type A) (See General Section) 
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FJJ121/7473 
FJJ261/74107 
dual JK flip-flops 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 
sz o ts,1 

~' o u,1 

R3 

TR3 TRS TR7 

TR9 

~ ~ R'~ ~ 

—~ TR1  

TR2 

R1 R 7 R9 

R2 RS R70 

TR4 TR6 TRB TR12 

R6 

TR70 

TR13 

C R11 

l~

7R,2 

TR14 TRi6 

R16 

R73 

iR17 

  02 
~10~1 

TR75 TD7 

R14 

TR18 

R17 

O 

R75 R78 

  TR19 

D2 

TR20 

rzse~n 

LOGIC DIAGRAM 

P 

  0~ 
1031 

 O!d 
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F1 family 
standard temperature: range 

FJJlZ1/7473 
FJJZ61/74107 

dual ]K flip-flops 

FUNCTION TABLE 

to to+1 

J K Q1 (Q3) 

L L Qn 
L H L 
H L H 
H H Qn

S2 and S4 functions are independent of T1 and T2. 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System(IEC 134) 

Supply voltage Vp max. 7.0 V 

Input voltage VJ, VK> VS, VT max. 5.5 V 

Peak negative input voltage (J, K, T, S) —VM max. 2 V I ) 

Storage temperature Tstg —55 to +150 ° C 

Operating ambient temperature Tamb 0 to +70 ° C 

1) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance 
RS > 75 52. 

.r 

November 1970 i ii 



FJJ1Z1/7473 
FJJ261/74107 

dual JK flip-flops 
F1 family 

standard temperature range 

CHARACTERISTICS 

Tam (oC) 

0 25 70 

Conditions and references 

Vp 
(V ) 

STATIC DATA 

Voltage s 

Input threshold LOW 
(any input) VlLmax 0.8 0.8 0.8 V 

Input threshold HIGH 
(any input) VIHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ =IQLmax 
Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ = - IQHmax 

Currents 

Input LOW Q
>K) -IKLmax 

1.6 1.6 1.6 mA 5.25 VJK =VQLmax°IQ=O

Input HIGH (J, K) IJHmax 40 40 40 µA 5.25 VJK =VQHmin IQ=O 
KHmax 

Input LOW (S, T) -ISLmax 
- ITLmax 

3.2 3.2 3.2 mA 5.25 VST=V LmaxsI =0 
Q Q 

Input HIGH (S,T) ISLmax g0 80 80 µA 5.25 VST=VQHmin IQ=O 
ITLmax 

Output LOW IQ Lmax 16 16 16 mA 
Output HIGH - IQHmax 0.4 0.4 0.4 mA 

-IQscmin 18 18 18 mA 5.25 VI=O; VQ=O 
Output short circuited 

-1Qscmax 57 57 57 mA 5.25 VI=O; VQ=O 

4 November 1970 



FJ family 
standard temperature range 

FJJ121/7473 
FJJ261/74107 

dual JK flip-flops 

CHARACTERISTICS (continued) 

,l,a~ 
(oC) 

0 25 70 

Conditions and 
references 

VP 
(V ) 

SUPPLY DATA 

Supply current 
1P typ. 16 16 16 mA 5.0 

< 40 40 40 mA 5.0 

DYNAMIC DATA 

Signal requirements 

Pulse duration 
(T input) tTH > - 20 - ns 5.0 

Pulse duration 
(S input) tSL > - 25 - ns 5.0 

Performance 

Rise propagation 

delay time (S-►Q) 
tpdT ~. 

_ 

_ 25 - ns } 5.0 N = 10 

Fall propagation 

tpdf ~. 

_ 

- 40 - ns } 5.0 N = 10 delay time (S-►Q) 

Rise propagation 
delay time (T-►Q) tpdr > - 10 - ns 

tpdr typ. - 16 - ns ~ 5.0 N = 10 
tpdr < - 25 - ns 

Fall propagation 
delay time (TiQ) 

tp~ > - 10 - ns 
tp~ typ. - 25 - ns 5.0 N = 10 

tp~ < - 40 - ns 

Set-up time tsu > - 0 - ns 

Clear time (S2 or S~ tS > - 25 - ns 

Maximum oper- 
atingfrequency 

> 
f 

ryp. 

_ 
- 

15 
20 

- 
- 

MHz 
MHz 

5.0 N = 10 
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FJJ121/7473 
FJJZb1/74107 
dual JK flip-flops 

F1 family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T, J, and K INPUTS 

Va H 

Vag 

VIH --

V[L 

1.5V 

—► tTH 

1.SV 1.SV 

1.SV 
O OUTPUTS 

100ns 
'l25939t.1 

1.SV LSV 

zoon5 
)Z953923 

Waveforms illustrating in- and output pulses. 

+SV 

pulse 
generator 

7Z 55389.1 

~-O FF 

+SV 

Equivalent load for N = 10 

1)Including probe and jig capacitance 

6 November 1970 



FJ family 
standard temperature range 

FJJ1 Zl /7473 
FJJ261/74107 

dual JK flip-flops 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

+2.4V ~i 

FF 

_ 
IQ3) Q1(Q3) or Q2(Q4) 

to loading circuit 
pulse ~y on 6 

generator (~4)
page 

pulse 
generator 

12553901 

~— t S 

~IH  ~ 

2V 2V 

52 or 54 INPUT tsv i.sv 

w Iv~VIL ~-

VIH 

~ ~ ~ f-
tf=l5ns tr =l5ns 

T and K INPUTS 

AIL  

Va H 

/ \ 
0 2 (04) OUTPUT 

VaL 

VaH 

ftpdr~ 

O~ (03) OUTPUT 

VaL 

1.SV 

1.5 V 

~tpdf~ 

12553941 

Waveforms illustrating measurement of tpdr and tpdf• (S~Q) 
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FJ family 
standard temperature range 

FJJ1Z1/7473 
FJJZ61/74107 
dual JK flip-flops 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T, J and K INPUTS 

VIH 

~I L 

VaH 

pulse 
generator 

--r—

•O 

7Z 55389.1 

tr=75ns 
~ ~ 

FF 

_ a~ 
Ina) 

Q1(Q3) or Q2(Qg) 
to loading circuit 

02 on page 6 
l0 1 4 

I+5V 

tq=l5ns 
~ ~—

}2V 2V} 

-1.SV 1.SV 

1V 1V~ 

 t TH~ r``

O~ (03) or QZ (Q4 ) OUTPUT 

v(]L 

VaH 

~ ipdf 

1.SV 

Q2 (04) or O~ (03) OUTPUT 

Va L 

f— tpdr ~ 

1.SV 

Waveforms illustrating measurement of tpdr and tp~. (T~Q) 

)Z 55)93.1 

8 November 1970 



FJ family 
standard temperature range 

F1J131/7474 
dual D-type flip-flop 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the'FJ family: * high -fan -out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing +low output impedance .short circuit protection 
■ high capacitance drive capability ■high noise margin (typ. 1.0 V for standard 

gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex -function devices. 

2 

DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOP 
4 10 

o, 
5 1 S3 

3 T~ 

12 Dz 

FF 

1 n, 5 
(iz 6 

11 Tz 
FF 

Cl3 9 
'1ZS6126.1 

Qe 8 

sz Is4 
1 13 9Z4B993.2 

QUICK REFERENCE DATA 

Supply voltage V p 5.0 t 5~/~~ V 

Operating ambient temperature range Tamb 0 to + 70 oC 

Available d.c. fan-out (full temperature range) Na ~ 10 

Max. operating frequency; Tam = 25 oC f > 15 MHz 

Average power consumption; 
Tam = 25 oC (pe'r flip-flop) Pav < 42.5 mW 

The FJJ131/7474 is an edge-triggered dual D-type flip -flop with direct SET inputs and 
complementary outputs. On the positive going edge of the clock pulse the informa-
tion on the D input is transferred to Q1 (or resp. Q3). 

PACKAGE OUTLINE:114 lead plastic dual in-line (type A)(See General Section) 
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FJ1131/7474 
dual D-type flip-flop 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

5~ 

~53~ 

ITz) 

D, 
IDZ) 

52
I5~1 

LOGIC DIAGRAM 

>asosrs 

D~ 
ID3) 

Dp 
ID~1 

2 September 1970 



FJ family 
standard temperature range 

FJJ131/7474 
dual D -type flip-flop 

FUNCTION TABLE 

to to+l 

D Q1 Q2 

L 
H 

L 
H 

H 
L 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7. 0 V 

Output voltage VQ max. 5. 5 V 

Input voltage VD, VS, V-r max. 5. 5 V 

Peak negative input voltage (D, S, T) —VM max. 2 V 1) 

Storage temperature Tstg —55 to +150 ° C 

Operating ambient temperature Tamb 0 to +70 ° C 

1) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS > 75 2. 

September 1970 3 



FJJ131/7474 
dual D-type flip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tam (oC) 

0 25 70 

Conditions and references 

VP 
(V ) 

STATIC DATA 

Voltages 

Input threshold LOW 
(any input) VlLmax 0.8 0.8 0.8 V 

Input threshold HIGH 
(any input) VIHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ = IQLmax 
Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ = - IQHmax 

Currents 

Input LOW (S1,D1) -1S1Lmax 
- ID1 Lmax 

1.6 1.6 1.6 mA 5.25 VS1>VD1=V 
Lmax Q 

Input LOW (S2,T1) -IS2Lmax 
- ITl Lmax 

3.2 3.2 3.2 mA 5.25 VS2>VTl
=V 

Lmax Q 

Input HIGH (D) IDHmax 40 40 40 µA 5.25 VD =VQHmin 

Input HIGH (S1,T1) IS1Hmax 
IT1Hmax 

g0 80 80 µA 5.25 VS1,VTI=VQHmin 

Input HIGH (S2 ) IS2Hmax 120 120 120 µA 5,25 VS2 =VQHmin 
Output LOW IQLmax 16 16 16 mA 

Output HIGH I - QHmax 0.4 0.4 0.4 mA 

Output short circuited -IQscmin 
-IQscmax 

18 
57 

18 
57 

18 
57 

mA 
mA 

5.25 
5.25 

l VQ = 0 
j 

4 September 1970 



FJ family 
standard temperature range 

FJJ131/7474 
dual D-type flip-flop 

CHARACTERISTICS (continued) 

Tam (oC) 

0 25 70 

Conditions and 
references 

vP 
(V ) 

SUPPLY DATA 

Supply current Ip typ. 
< 

17 
30 

17 
30 

17 
30 

mA 
mA 

5.0 
5.0 

lV = 5.0 V 
J I 

DYNAMIC DATA 

Signal requirement 

Pulse duration 

(S, T input) tSL, tTL > 30 30 30 ns 5.0 

Performance 

Rise propagation 
delay time (S~Q) tpdr < - 25 - ns 5.0 N = 10 

Fall propagation 

delay time (S-►Q) tpdp < - 40 - ns 5.0 N = 10 

Rise propagation 

delay time (T-►Q) 
> - 10 - ns 

tpdr typ. - 14 - ns 5.0 N = 10 

< - 25 - ns 

Fall propagation 
> - 10 - ns 

delay time (T~Q) tP~ 
typ. 
< 

- 
- 

20 
50 

- 
- 

ns 
ns 

5.0 N = 10 

Set-up time tsu > - 20 - ns 

Hold time thold > - 5 - ns 

Maximum oper- _ _ 
ating frequency f 5.0 N = 10 

t ~ 5P• - 25 - MHz 
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F11131/7474 
dual D -type flip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T ~ or T2 INPUT 

OV 

t,= 5 to 150ns t~=s to 150ns 

D~ or D2 INPUT 1, 5V 

J 

t s~ 

O~ or 03 OUTPUT 

1 5V i.SV 

tn

\

oie 

}1.SV 

~--t:~ 

1.sv 

tnoie 

1.5 V 

Waveforms illustrating set-up and hold times. 

S~ or 53 INPUT 

52 or Sq INPUT 

2.4V 

O~ or 03 OUTPUT 

0.4V 

I.4V 

Oy or Oq OUTPUT 

0.4V 

1. sv 

~ t5L ~ 

j

\\

1.SV 

~t D~y \ 

rzsysi 

1sv 

1.5V 

~— tSL~ 

1.5V 

1.5V 

t Ddf 

Def pdr 

1.SV 

Waveforms illustrating measurement of tpdr and tpdf (S~Q) 

/S55191 
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F1 family F1J141/7490 
decade counter standard temperature range 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: » high -tan -out = lo~v power consumption (typ. 10 mW for 
standard gates) •high logic swing +low output impedance *short circuit protection 
* high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) ■comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex -function devices. 

,z 
BCD DECADE COUNTER 

a 
1 T2 ()q ~B a~ 

14 

2 
3 

6 

7 

T~ 
O 

G, 

G2 

Gp

G< 

FF FF -O FF 

p

00 

14 13 12 71 10 I'I  ~o' 

T1 n.c. Qq 00 $ Qg Ot

FJJ141~7490 

T2 G1 G2 n.c. P G3 G4 

~ruuuuuu 
7Z 55266.2 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 + ~;~~ V 

Operating ambient temperature Tamb 0 to +~0 oC 

Max. operating frequency; Tamb = 25°C is _ 10 \1Hz 

Available d. c. fan -out (full temperature range) Na > 10 

Average power consumption 

Tamb = 2~ °C 1'av h'p. 160 mW 

The FJJ141/7490 is a high speed decade counter, consiting of 4 master -slave flip -flops. 
Dated direct reset lines are provided to inhibit count inputs and return all outputs to 
a logical zero (iTiputs•G1, G2) or to a binary coded (BCD) count. of nine (inputs G3, 

G~. 

PACKAGE OUTLINE : 14 lead plastic dual in-line (type A) (See General Section) 

September 1970 1 



FJJ141/7490 
decade counter 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

~i 

~y 

--i ~ -,-, 

H ~ ~

~~ 

~ a ~1~

1 T i r---. 

~y 

~Y~ 

o 

1 ~ H 

~ ~ S~ m 

2 September 1970 



FJ family 
standard temperature range 

FJJ141/7490 
decade counter 

LOGIC FUNCTION 

As the output QAfrom the first flip-flop is not internally connected to the succeeding 
stages, the counter can be used in three different modes. 
1. Binary coded decimal decade counter: the T2 input must be externally connected 

to the QA output. T1 is then the counter input. 
2. Symmetrical divide -by-ten counter for frequency synthesizer or other applica-

tions requiring division of a binary count by the power of ten: the QD output must 
be connected to the Tl input. In this case TZ becomes counter inputandadivide-
by-ten square wave is obtained at output QA. 

3. Divide-by-two counter and adivide-by-five counter: no external interconnections 
are required. 

FUNCTION TABLES 

BCD count sequence  (output QA connected to input TZ ) 

Count 
OUTPUT 

QD 
QC QB QA 

0 L L L L 
1 L L L H 
Z L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 L H H L 
7 L H H H 
8 H L L L 
9 H L L H 

Reset/count

RESET INPUTS OUTPUTS 

G1 G2 Gg G4 QD QC QB QA 

H 
H 
X 
L 
X 
L 
L 
X 

H 
H 
L 
X 
L 
X 
X 
L 

L 
X 
H 
H 
X 
L 
X 
L 

X 
L 
H 
H 
L 
X 
L 
X 

L 
L 
H 
H 

L 
L 
L 
L 

no change 
no change 
no change 
no change 

L 
L 
L 
L 

L 
L 
H 
H 

Gl and G2 are 
G3 and G4 are 

H=HIGH state (the more positive voltage) 
L=LOW state (the less positive voltage) 
X=state is immaterial 

'preset 0" inputs (reset all Q outputs to LOW) 
'preset 9" inputs (set QA and QD to HIGH and reset Qg and QC to 

LOW to provide BCD 9 count for nine complement 
applications) 

September 1970 3 



FJJ141/7490 
decade counter 

FJ family 
standard temperature range 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max 7.0 V 

T input voltage VT max. 5. 5 V 

G input voltage VG max. 5.5 V 

Duration of negative transient input 
voltage of 2 V 
Rg ~ 75 S2; f = 5.0 MHz tp max. 20 ns 

Storage temperature Tstg -55 to +150 °C 

Operating ambient temperature Tamb 0 to +70 oC 

4 September 1970 



FJ family 
standard temperature range. 

FJJ141/7490 
decade counter 

CHARACTERISTICS 

0 

Tamb (oC) 

25 75 

Conditions and 
References 

VP 
(V ) 

STATIC DATA 

Voltages 
Input threshold LOW ' 

(any input) VILmax 0. 8 0.8 0. 8 V 
Input threshold HIGH 

all inputs except T2 VIHmin 2.0 2.0 2.0 V 
T2 input VT2Hmin 2.2 2.2 2.2 V 

Output LOW VQLinax 0.4 0.4 0.4 V 4.75 IQ = IQLmax 
Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ = -IQHmax 

Currents 
Input LOW (G input) -IGLmax 1.6 1.6 1.6 mA 5.25 VI = 0.4 V 
Input HIGH (G input) IGHmax 40 40 40 µA 5.25 VI = 2.4 V 
Input LOW (Ti input) -IT1Lmax 3.2 3.2 3.2 mA 5.25 VI = 0.4 V 
Input HIGH (T1 input) ITIHmax 80 80 80 µA 5.25 Vl = 2.4 V 
Input LOW (T~ input) -IT2Lmax 6.4 6.4 6.4 mA 5.25 VI = 0.4 V 
Input HIGH (T•~ input) IT2Hmax 160 160 160 µA 5.25 VI = 2.4 V 
Output LOW IQLmax 16 16 16 mA 4.75 
Output short- -IQscmin 18 18 18 mA 5.25 

circuited 1) -IQscmax 57 57 57 mA 5.25 

SUPPLY DATA 
Supply current Ip typ. 32 32 32 mA 5.0 

VI = 4. 5 V 
DY\AMIC DATA ~ 53 53 53 mA 5.0 

Signal requirements 
Pulse duration tell > - 50 - ns 5.0 

((•, inputs) tGL > - 50 - ns 5.0 
Pulse duration rrH > - 50 - ns 5.0 
(T inputs) rrL > - 50 - ns 5.0 

Performance 
Rise propagation 2) typ _ 60 - ns 5.0 

delay time (Tt-►QC) tpdr ~ _ 100 - ns 5.0 
Fall propagation 2 ) 

typ. - 60 - ns 5.0 
delay time (TI-+QC) tpdf ~ - 

100 
- 

ns 5.0 
Maximum counting > - 10 - MHz 5.0 
'.requency f 

typ. - 18 - MHz 5.0 

1) Do not short circuit more than one output at a time. 
2 ) All four outputs loaded, QA output connected to T2 input, delay from T1 input to 

QC output. (see also waveforms page 6) . 
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FJJ141/7490 
decade counter 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

Input pulse t~~15ns tq~l5ns 
~~~ y 

each input 
pulse 

1V 

Input Tl  (QA output connected to T2) 

1 2 3 4 S 

1.SV 

011tpUt Q C

+SV 

6 

2.4V 

9255269.1 

7 

< 0.4 V 

8 

SV 

~LSV 

iva. 

9 10 

1.SV 

Note:
To each output the same loading circuit 

I) Including probe and jig capacitance 

6 September 1970 



F1 family 
standard temperature range 

FJ1151/7491A 
shift register 

The FJ family of TTL silicon monolithic integrated circuits is designed for medium 
speed digital equipment in computing, telecommunication, instrumentation and con-
trol. 

•Features of the FJ family: * high-fan-out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing ~ low output impedance *short circuit protection 
* high capacitance drive capability *high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex-function devices * it corresponds to 
the 74Nseries TTL. 

12 

8 BIT SHIFT REGISTER 

G~ 

11 Gq 

9 T 

Bx 

r0 

5 

FF 

R 

-O 

S 

FF 

R 

~~ 13 

p2 14 

7248957.2 

Qp ~~ G~ Gp !d' T n.c. 

FJJ151~7491A 

n.c, n.c, n.c. n.c. P n.c, n.c. 

72555001 

QUICK REFERENCE DATA 

Supply voltage VP 5.0 ±5~ V 

Operating ambient temperature Tamb 0 to +70 °C 

Max. shift frequency f 10 MHz 

Available d.c. fan-out 
(full temperature range) Na 10 

D.C. noise margin (full temperature range) ML ~ 0.4 V 
typ. 1.0 V 

Total power dissipation Ptot tyP• 175 mW 

PACKAGE OUTLINE 14 lead plastic dual in -line (type A) (See General Section) 

December 1970 1 



FJJ151/7491A 
shift register 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

2 November 1970 



FJ family 
standard temperature range 

FJJ151/7491A 
shift register 

The FJJ151 is a serial input, serial-ouput 8-bit shift register with complementary 
outputs. It consists of eight RS master-slave flip-flops, a two-input NAND gate, 
and a clock driver. Inputs G1 and G2 go to an AND gate; either one or both inputs 
may be used. If only one is used, the other must be kept in the HIGH state. 
When the T input is HIGH, information at the input of each stage is shifted to the next; 
thus, information at the GI or G2 input is transferred to the Ql or Q2 output after 8 
clock pulses. 

The FJJ151 corresponds to the SN7491AN. 

LOGIC FUNCTION 

Function table 

to to+8 

G1 ~'2 Q1 

L L L 
L H L 
H L L 
H H H 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
to = bit time before trigger pulse 
to+g =bit time after 8 trigger pulses 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltages Vp max. 7.0 V 

Input voltages VGl; VG2; VT max. 5.5 V 1) 

Peak negative input voltage (Gl, G2, T) —VM max. 2 V 2) 

Storage temperature Tstg —65 to +150 ° C 

Operating ambient temperature Tamb 0 to +70 ° C 

1) In addition the voltage between any two inputs must not exceed 5.5 V. 
2) Pulse duration tp = 20 ns; repetition frequencyf = 5 MHz; source resistance RS > 75 S2. 
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FJJ151/7491A 
shift register 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tamb (°C) 

0 25 70 

Conditions and 
References 

VP 
(V ) 

STATIC DATA 

Voltages 

Input threshold LOW 
(any input) VILmax 0. 8 0. 8 0.8 V 

Input threshold HIGH 
(any input) VIHmin 2.0 2.0 2.0 V 

Output LOW VQL,m~ 0.4 0.4 0.4 V 4.75 IQ =IQLmax 

Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ = - ITHmax 

Currents 

Input LOW; G1 - IG1Lmax 1.6 1.6 1.6 mA 5.25 
G2 -IG2Lmax 1.6 1. 6 1.6 mA 5.25 VI = 0.4 V 
T -ITLmax 1.6 1. 6 1.6 mA 5.25 

Input HIGH; G1 IG1Hmax 40 40 40 µA 5.25 

G2 IG2Hmax 40 40 40 µA 5.25 VI = 2.4 V 
T ITHmax 40 40 40 µA 5.25 

G1 IG1Hmax 1.0 1.0 1.0 mA 5.25 

G2 1G2Hmax 1.0 1.0 1.0 mA 5.25 VI = 5.5 V 
T ITHmax 1.0 1.0 1.0 mA 5.25 

Output LOW IQLmax 16 16 16 mA VQ = VQLmax 

Output HIGH -IQHmax 0.4 0.4 0.4 mA VQ =VQHmin 

Output short circuited 

(see note 1} -ITscmin 18.0 18.0 18.0 mA 5.25 l VQ = 0 
- IQscmax 55.0 55.0 55.0 mA 5.25 J 

SUPPLY DATA 

Supply current; 
typ. 35 35 35 mA 5.0 

HIGH input G1; G2; T IPH < 60 60 60 mA 5.0 

Note 1: Not more than one output should be shopt circuited at a time. 
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FJ family 
standard temperature range 

FJJ151/7491~1 
shift register 

CHARACTERISTICS 

Tam (oC) 

0 25 70 

Conditions and 
References 

VP 
N) 

DYNAMIC DATA 

tp~ typ. — 24 — ns 5.0 

Performance 

Rise propagation 

delay time (T-►Q) 
(see note 1) 

Fall propagation 
delay time (T+Q) 

tpdr < 

tp~ typ. 

- 40 - ns 

- 27 - ns 

5.0 

5.0 
(see note 1) 

Signal requirements 

tpdf < — 40 — ns 5.0 

Set-up time for 
Gl; G2 inputs 
HIGH tsuH > — 25 — ns 5.0 

LOW ts ~, _> — 25 — ns 5.0 

Clock pulse width tTH > — 25 — ns 5.0 

GI; G2 ingot width tGH > - 25 - ns 5.0 

Hold time 

Maximum operating 
shift frequency 

thold ? 

f > 

- 0 - ns 

— 10 — MHz 

5.0 

5.0 

Note 1: Refers to propagation delay from seventh bit to output stage. 

November 1970 



F1J151/7491A 
shift register 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T INPUT 

G' • Gy INPUT 

Waveforms illustrating Input signals 

tr=12 to 16ns 
~ ~ 

VIH --- -

VIL 

VI H 

AIL 

tf=3 to Sns 
~, ~ 

~2V 2V~ 

1.SV 1.5V 

1V 1V 

' tTH 

t r =12 to 16ns 
~ ~ 

t f =3 to Sns 
--► if -

2V 2V 

1.SV 1.SV 

1V 

tGH 

1V } 

iZ 5'509 
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F1 family 
standard temperature range 

F11151/7491A 
shifr register 

CHARACTERISTICS (continued} 

DYNAMIC DATA 

In general case 

T INPUT 

G~•G2 INPUT 

VIH 

VIL 

VZH 

AIL 

tsuH 

1.5V 

thold ~ — 

1.5V 1.5V 

7255508 

Waveforms illustrating measurement of set-up and hold times to guarantee shifting 

operation, for HIGH logic level, 

November 1970 7 



FJJ151/7491A 
shift register 

F1 family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

In general case 

T INPUT 

G ~ • Gg INPUT 

VIH 

VIL 

VIH 

AIL 

t.SV 

t  suL 

1.5 V 

'1255506 

Waveforms illustrating measurement of set-up and hold times to guarantee shifting 
operation, for LOW logic level. 

8 November 1970 



FJ family 
standard temperature range 

FJ115117491A 
shift register 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T INPUT 

O~ OUTPUT 

QZ OUTPUT 

VIH 

VIl 

VD H 

von

SOH 

va ~ 

i-- tpdr —i 

1.5V 

1.5V 

— i tpdf 
7255504 

Waveforms illustrating measurement of tpdr and tpdf if S input of eight bit at logic 
HIGH level is 25 ns prior to rising edge of T input. (thold = 0 ns) 

November 1970 9 



FJJ151/7491A 
shift register 

F! family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T INPUT 

O~ ©UTPUT 

©2 OUTPUT 

~IH 

vas

5V 

7.SV 

~ —tpdf 

tpdr 

1.SV 

'1255503 

Waveforms illustrating measurement of tpdr and tpdf if S input of eight bit at logic 
LOW level is 25 ns prior to rising edge of T input (thold = 0 ns). 

to a 

!fi 
To output Q2 the same loading circuit. 

+sv 

C~~ 

1)Including probe and jig capacitance 

7Z 55'!30 

neon 

BAW 62 
14x1 

10 November 1370 



FJ family 
standard temperature range 

FJJ181/7475 
D flip-flop 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family::high-fan-out *low power consumption (typ. 10 mW for 
standard gatc;s) *high logic swing *low output impedance *short circuit protection 
* high capacitance drive capability ~ high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates. gate expanders, flip-flops and complex -function devices. 

]Z 48975.1 

QUADRUPLE LATCH DFLIP-FLOP 

16 15 14 13 12 11 10 I' I 
Q1 ilg Q4 T1 $ Q6 Q6 Qy 

FJJ181~7475 

t]Z D1 D2 Ty P D4 D6 ~ 

PACKAGE OUTLINE 

16 lead plastic dual 
in-line (type A)(See 
General Section) 

7255127.1 

QUICK REFERENCE DATA 

Supply voltage VP 5.0 ±5°~~ V 

Operating ambient temperature range Tamb 0 to +70 oC 

Available d.c. fan-out (full temperature range) Na >_ 10 

> 0.4 V 
D.C, noise margin (full temperature range) ML typ. 1.0 V 

Average power consumption (total) 

Tamb - ~~ ° C Pa v typ. 160 mW 
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~y w li r~r Y /~~ Y v+ 

D flip-flop 

RA 
YM~Y ~YYi 

standaru t~n:perature rar.~ 

CIRCUIT DIAGRAM 

D~ 
IDZI 
(D3) 
(D41 

T~ 
O 

ITZI 

R1 

1 

TR1 

R2 

D1 

r3 

TR2 

TR3 

R3 

R4 

TR4 

R6 RIO 

TR6 TR8 TR10 
D2 

R12 

TR12 

R7 

TR13 

 OP 

  to other 
~ latch flip-flop 

LOGIC DIAGRAM Di 
(DZ) 

(D31 
(D~) 

Ti 
(TZI 

O 

TR5 

RS 

T

R8 

TR7 TR9 

  to other 
r  latch flip-flop 

TR11 

TR14 

D3 

T

R9 

r

RI1 

TR15 

R13 

]Z5543] 

9255438 

QI
 o(a31 

1a s) 
(OZ) 

OZ
  (a4) 
O(afi) 
lae) 

f 
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F~ famoly 
standard temperature range 

E ~~~~~°x/7475 
D -±lip -flop 

LOGIC FUNCTION 

Information present at a data input is transferred to the Q output. For so long as 
the trigger input is HIGH, the Q output will follow the data input, When the trigger 
goes LOW, the information present at the data input at the time of transition is re-
tained at the Q output until die trigger again goes HIGH. 

Function table  (each gate) 

to tn+ 1 
data input output Q 

L L 

H H 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
t ip =bit time before trigger pulse 
t,l+ 1 =bit time after rising edge of trigger pulse 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

.Supply voltage Vp max. 7. 0 V 

Input voltage VD, VT max. 5.5 V 1) 

peak negative input voltage (ll, T) —VM max. 2 V 2) 

Storage temperature Tstg —55 to +150 ° C 

Operating ambient temperature Tamb 0 to +70 ° C 

1) In addition the voltage between any two input must not exceed 5.5 V. 
2) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance 

Rg ? 75 S2. 
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F1J181/?475 
D -flip -flop 

F1 family 
standard temperature range 

CHARACTERISTICS 

0 

Tamb (°C ) 

25 70 

Conditions and references 

VP 
(V) 

STATIC DATA 

Voltages 

Input threshold LOW 
(any input) VILmax 0.8 0.8 0. fi V 

Input threshold HIGH 

(any input) VIHmin 2.0 2.0 2.0 V 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 IQ 
= 

IQLma~ 

Output HIGH VQHmin 2.4 2.4 2.4 V 4.75 -IQ = - IQHmax 

Currents 

Input LOW (D) -IDLmax 3.2 3.2 3.2 mA 5.25 VD = ~'QLmax~ IQ = 0 

Input HIGH (D) IDHmax 80 80 80 µA 5.25 VD - ~'QHmin~ IQ = 0 

Input LOW (T) -ITLmax 6.4 6.4 6.4 mA 5.25 V-r  =VQLmax IQ = 0 

Input HIGH (T) ITHmax 160 160 160 µA 5.25 VZ- = VQHmin 1Q = 0 

Output LOW IQLmax 16 16 16 mA 

Output short -IQscmin 1S 18 lt~ m~1 
5.25 

circuited - IQscmax o7 ~7 ' i mA 

SUPPLY DATA 

Supply current 

(total) 
t3,p, 

Ip 
< 

32 
S3 

32 
53 

32 
53 

mA 
mA 

5.0 
5.0 VT - VD = 0 V 

4 September 1970 



I 
Fi family 

standard temperature range 

CHARACTERISTICS 

F11181 /7475 
D-flip-flop 

Tam  (° C) 

0 25 70 

Conditions and References 

Vp 
(V} All these times at N = 10 

DYNAMIC DATA CL = 15 pF; RL = 400 S2 

Performance 

Set-up time 
D inputs: 
HIGH ts~ typ. - 7 - ns 5 T

tsuH ~ - 20 - ns 5 
LOW ts~, typ. - 14 - ns 5 

tsuL < - 20 - ns 5 

Hold time 
D inputs: 
HIGH thold H typ. - 15 - ns 5 
LOW thold L typ. - 6 - ns 5

Propagation delay 

times: 

Rise D-►Ql(Q3; Q5> Q7) tpdr < - 30 - ns 5 

Fall D~Q1(Q3; Q5; Q7) tpdf < - 25 - ns 5 

Rise D-►Q2 (Q4' Q6' Q8) tpdr < - 40 - ns 5 

Fall D-►Q2(Q4; Q6; Q8) tpdf < - 15 - ns 5 

Rise T1~Q 1(Q3) 

T2- ►Q5(Q7) 
t dr < 
p 

- 30 - ns 5 

Fall Tl-~Q1(Q3)
T2-~Q5 (Q7) 

tpdf < - 15 - ns 5 

Rise T1-iQ (Q ) 2 4 
T2~Q 6 (Q8) t dr ~ p - 30 - ns 5 

Fall Tl-+Q2(Q~ 
TZi Q6 (Q8) 

tp~ < - 15 - ns 5 

September 1470 5 



FJJ181/7475 
D fiip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

Da (D2;D3;D4) 

INPUT 

T~;T2 ) INPUT 

—~ t r

3V 

av 
io i° 

3V 

Ov 

tDN 

ate 

90% 90"/0 f 

.SV 1.5V 

~ tsuH 

~ 2r

tMIdH 
~ tf F 

10°/° 

90°/0 90% 

i.SV 1.5V 

10 %o 

ro°i° 

tal 

1.SY 

t -- trH-~ t i 

OUTPUT / 

Ca t  (C~4;O6;Og) 

OUTPUT 

V~. 

~d2 w 

is°l 

V 1.SV+ 

 j tear 
ITr+0r 1 

tp r ~ f~ Dry0  1y 

t.SY 

- ,y tYdr ~ 
li~-►0 ) 

tpdf 

YOn--- ~Dr~021 

1.S V 

7.5V 

-y t°dr 
I i~ ~ 021 

_ tpdr 
IDr-+021 

~! tper 
ITr —►QZI 

Waveforms inllustrating measurement of tpdr and tpdf• 
Each latch Dflip-flop is tested seperately 

Vp 

400f1 

to 0~ 1, 
or 02G~- 

BA\

A 

e 

pulse 
generator 

ee °ote I 

pulse 
generator 

see note 2 

Notes: 

FF 

tMld l 

7.5V 

1.SV 

1) CL includes probe and 
jig capacitance 

1. Pulse generator A: VA = 3V; tr < 10 ns; tf < 10 ns; RS = 50 S2; tDH = tDL = 1µs; 
f = 500 kHz 

2. Pulsegenerator 13; Vg = 3 V; tr < 10 ns; tf < 10 ns; RS = 50 Sl; t-rH = tTL = 500 ns; 
f = 1 MHz 
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FJ family 
standard temperature range 

FJJ191/7476 
dual JK flip-flop 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: * high -fan -out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing ■low output impedance *short circuit protection 
* high capacitance drive capability *high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex-function devices. 

DUAL JK MASTER—SLAVE FLIP—FLOP 

z 
S 5 

4 ~, a, 15 

1 
FF 

16 K1 OZ 16 

9 ~z ~3 11 

6 T=
FF 

1T KZ
O 

0~ 10 

Sp 45~ 
3 B nmsoc.i 

m ® m ® ® m m Q 
K1 Q9

T1 S1

Qz H KZ Q3 Q~ JZ

FJJ191/7476 

SZ J1 P Ty 53 S4

7Z 55128.1 

QUICK REFERENCE DATA 

Supply voltage 

Operating ambient temperature range 

Vp 

Tamb 

5.0 t 5io 

0 to +70 

V 

oC 

Maximum operating frequency f > 15 MHz 

Available d. c. fan -out (full temperature range) Na > 10 

D.C. noise margin (full temperature range) ML > 0.4 V 
typ. 1.0 V 

Average power consumption (total) 

Tamb = 25 oC pav typ. b0 mW 

The FJJ 191 /7476 is adual JKmaster-slave flip -flop having one J and one K input per flip -
flop. The circuits operate at a frequency up to 15 MHz (typ. )The information at the 
J and K inputs enters the master when Tis HIGH. Afterwards, when T is LOW, the 
information is transferred from the master to the slave and appears at the outputs. 
The SET signals on S1 and S2 (S3 and S4) which override any other inputs, are active 
at the LOW level. 

PACKAGE OUTLINE : 16 lead plastic dual in-line (type A) (See General Section) 
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FJJ191/~4as 
dual jK flip-flop 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 
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LOGIC DIAGRAM 
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F! family 
standard temperature range 

FJJ19~/7476 
dual JK flip-flop 

LOGIC FUNCTION. 

LOW input to S1(S3) sets Q1(Q3) to HIGH l 

LOW input to S2(S4) sets Q1(Q3) to LOW J independent of trigger pulse 

Function table  for J and K inputs 

to to+1 

J K Q1 

L 
L 

H 
H 

L 
H 
L 
H 

Qln 
L 
H 

Qln 

H =HIGH state (the more positive voltage) 

L =LOW state (the less positive voltage) 

to =bit time before trigger pulse 

to+1 =bit time after trigger pulse 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134 ) 

Supply voltage Vp max. 7.0 V 

Input voltage VJ, VK, VT, VS max. 5.5 V 1) 

Peak negative input voltage (j, K, T, S) -VM max. 2 V 2) 

Storage temperature Tstg —55 to +125 oC

Operating ambient temperature Tam 0 to +70 oC 

1) In addition the voltage between any two inputs must not exceed 5.5 V. 
2) Pulse duration tp =20 ns ;repetition frequency f = 5 MHz; source resistance RS >,75 52. 
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FJ1191/7476 
dual JK flip-flop 

FJ family 
standard temperature range 

~~ 

~~ 

CHARACTERISTICS 

Tamb (° C) 

0 25 75 

Conditions and references 

Vp 
(V ) 

STATIC DATA 

Voltage s 
Input threshold LOW 

(any input) 
Input threshold HIGH 
(any input) 

Output LOW 
Output HIGH 

Currents 
Input LOW 
Input HIGH 
Input LOW 

Input HIGH 

U. K) 
U. K) 
(S, T) 

(S, T) 

Output LOW 
Output short cir-

cuited 

SUPPLY DATA 
Supply current 

(total ) 

DYNAP~IIC DATA 

Signal requirements 
Pulse duration 
(T input) 

Pulse duration 
(S input) 

Performance
Rise propagation 

delay time (S-►Q) 

Fall propagation 
delay time (S+Q) 

Rise propagation 
delay time (T~Q) 

Fall propagation 
delay time (T Q) 

Maximum oper-
ating frequency 

f 

VILmax 

VIHmin 
VQLmax 
VQHmin 

-IILmax 
IIHmax 

- ISLmax 
- ITLmax 

ISHmax 
ITHmax 
IQL 

- IQscmin 
- IQ scmax 

Ip typ. 

tTH ~ 

tSL ~ 

tpdr tYP• 
tpdr ~ 
tpdr tYP• 

tpdf ~ 

tpdr tYP• 

,~ 

tpdf typ. 
.< 

typ. 

0.8 0.8 0.8 V 

2.0 2.0 2.0 V 
0.4 0.4 0.4 V 
2.4 2.4 2.4 V 

1.6 1.6 1.6 mA 
40 40 40 µA 

3.2 3.2 3.2 mA 
3.2 3.2 3.2 mA 

80 80 80 µA 
80 80 80 µA 
16 16 16 mA 
18 18 18 mA 
57 57 57 mA 

16 lh 16 mA 
40 40 40 mA 

- 20 - ns 

- 25 - ns 

16 
25 
25 
40 
to 
16 
25 
10 
25 
40 
15 
20 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
nS 

ns 
ns 
MHz 
MHz 

4.75 
4.75 

J. 2J 

5.25 

}5.25 

~J . 2 J 

J. 2J 

J. 2J 

J.O 
5.0 

5.0 

5.0 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

5.0 

IQ = IQLmax 
-IQ = - IQHmax 

VI = VQLmax~ IQ = 0 
VI = VQHmin~ IQ = 0 

VS, T = VQLmax~ IQ = 0 

VS,T = VQHmin~ IQ = 0 

VI=O; VQ=O 

N=l0;CL =15pF 

N=l0;CL=15pF 

N=l0;CL =15pF 

N=l0;CL =15pF 

N=10;CL =15pF 
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Fl family 
standard temperature range 

F1J191/7476 
dual JK flip-flop 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

T, J and K INPUTS 

VO H 

VIH---

1.SV 

VIL 

tTH 

1.SV 1.SV 

~-

1.SV 

VaL 

O OUTPUTS 

100ns 
7Z 55391.1 

1.SV 1.SV 

loons 

Waveforms illustrating in- and output pulses 

~~ 
—1a3~ 

pulse 
generator —+--

+O FF 

Oy 

)ZSSJB9.f ~~SV 

1) Including probe and jig capacitance 

72557921 

t5V 

Equivalent load for N = 10 
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F19191 /7476 
dual JK fiip-flop 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

~IH 

~.--
tr=l0ns 

S~(53) INPUT 

AIL 

VaH 

~— t51L 

2V 2V 

1.SV 1.5V 

w iv 

t f=l0ns t r=l0ns 

O~(Q3) 
OUTPUT 

V~L 

V~H 

O2(Q4) 

OUTPUT 
VaL  

f— tPdr 

1.5V 

tpdf 

1.SV 

tpdf 

1.SV 

~'tpdr 

—mil 1.5V 

Waveforms illustrating switching times 

9Z55JB6.1 
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FJ family 
standard temperature range 

FJJ211/7493 
binary counter 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: ~ high -fan -out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing *low output impedance *short circuit protection 
* high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND -OR -NOT 
gates, gate expanders, flip-flops and complex -function devices 

SINGLE ASYNCHRONOUS 4—BIT BINARY COUNTER 

,< ,, 

ii 

2 St 
3 5; 

 O 

FF 

Q 

FF 

4

o, ,~ 

03

-o FF 

4 

os

O FF 

Y 

0, 

i4 i3 iz „ io n n 
T~ n.c. Q~ Qy .E d3 QS 

FJ1211~7493 

Tp Sy S4 n.c. P n.c. n.c. 

'/255408.1 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 ± 5% V 

Operating ambient temperature Tam 0 to +70 °C 

Maximum operating frequency f > 10 MHz 

Available d.c. fan-out 
(full temperature range) Na > 10 

D.C. noise margin (full temperature range) ML 
> 0.4 
typ. 1.0 

V 
V 

Average power consumption (total) 

Tamb - 25 oC pav typ. 128 mW 

PACKAGE OUTLINE: 14 lead plastic dual in-line (type A} (See General Section) 
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FJJ211/7493 
binary counter 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 
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FJ family 
standard temperature range 

FJ1211/7493 
binary counter 

The FJJ211/7493 is ahigh-speed asynchronous 4-bit binary counter with four master-
siave flip-flops which are internally connected to provide adivide-by-two and a di-
vide-by-eight counter. By using an external connection a count of sixteen can be ob-
tained. Agated line, direct reset inhibits the count and simultaneously all flip-flop 
outputs return to the LOW state. 
For use as a 4-bit ripple-through counter, externally connect Q~ to T2; apply the 
count pulses to Tl . As shown by the function table below, the outputs at Q1' Q3' Q5' 
and Q7 represent division by 2, 4, 8 and 16 respectively. 
For use as 3-bit ripple-through counter, apply the count pulses to T2. 
Simultaneous divisions by 2, 4 and 8 are available at the outputs Q3, Q5 and Q7 . The 
first flip-flop (T1 and Q1) can be used independently if the reset function (S2 and_ S4 ) 
coincides with reset of the 3-bit ripple-through counter. 

FUNCTION TABLES 

count outputs 

Q1 Q3 Q5 Q7 

0 L L L L 
1 H L L L 
2 L H L L 
3 H H L L 
4 L L H L 
5 H L H L 
6 L H H L 
7 H H H L 
8 L L. L H 
9 H L L H 

10 L H L H 
11 H H L H 
12 L L H H 
13 H L H H 
14 L H H H 
15 H H H H 

Notes 
1. Q1 connected to T2 
2. To reset all outputs in the LOW state, S2

and S4 inputs must be HIGH. 
3. Either S2 or S4 (or both) must be LOW to 

count. 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 

Input voltage 

Peak negative input voltage (T, S) 

Storage temperature 

Operating ambient temperature 

Vp max. 7.0 V 

VT;VS max. 5.5 V 1) 

—VM max. 2 V 2) 

Tag —55 to +150 ° C 

Tamb 0 to +70 ° C 

1) In addtion the input voltage between any twoT inputs or between any two S inputs: 

max, 5.5 V . 
2) Pulse duration tp = 20 ns ;repetition frequency f = 5 MHz; sourceresistance RS % 7552. 
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FJJ211/7493 
binary counter 

FJ family 
standard temperature range 

CHARACTERISTICS 

Tamb C°C) 

0 25 70 

Conditions and References 

Vp 
N) 

STATIC DATA 

Voltages 

Input threshold LOW 

S2> S4; Tl VS2Lmax 
VS4Lmax~ 0.8 0.8 0. 8 V 4.75 

VT1Lmax 
T2 VT2Lmax 0.6 0.6 0.6 V 4.75 

Input threshold HIGH 

S2; S4; Tl VS2Hmin 
VS4Hmin~ 2.0 2.0 2.0 V 4.75 

VT1Hmin 
T2 VT2Hmin 2.2 2.2 2.2 V 4.75 

Output LOW 

Q1' Q3~ QS Q7 VQ1Lmax 
VQ3Lmax 0.4 0.4 0.4 V 4.75 JQ1 connected to T2 

VQSLmax IQ = IQLmax 
VQ7Lmax 

Output HIGH 

Q1~ Q3> Q5~ Q7 VQ1Hmin 
VQ3Hmin 2.4 2.4 2.4 V 4.75 (Q1 connected to T2 

VQSHmin IQ = - IQHmax 
VQ7Hmin 

Currents 

Input LOW: S2

S4 
_IS2Lmax 
- IS4Lmax ~ 

1.6 1.6 1.6mA 5.25 V V S = QLmax 

T1 
T2 

'IT1Lmaxl 
- IT2Lmax1 

3.2 3.2 3.2 mA 5.25 VT= V Lmax Q 
Input HIGH: S2 

S4 
IS2Hmax l 
IS4Hmax 1 

40 40 40 µA 5.25 Vg = V Hmin Q 
Tl IT1Hmax 80 80 80 µA 5.25 VT= VQHmin 
T2 IT2Hmax 160 160 160 µA 5.25 VT=VQHmin 

Output LOW 

Q1~ Q3> Q5~ Q7 IQ1Lmax 
IQ3Lmax 16 16 16 mA 4.75 
IQSLmax 
IQ7Lmax 
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FJ family 
standard temperature range 

FJJ211/7493 
binary ccunter 

CHARACTERISTICS (continued) 

Tam (°C) 

0 25 70 

Conditions and References 

Vp 
(V) 

STATIC DATA (continued) 
Output HIGH 

Q1> Q3° Q5' Q7 -1Q1H max 
- IQ3H max 400 400 400 NA 4.75 
- IQSH max 
- IQ7H max 

Output short 
circuited 

Q1' Q3' Q5 Q7 - IQlscmin 
(See note 2) -IQ3scmin 18 13 18. mA 5.25 V = 0; VS = VT = 0 

-1Q5scmin Q 

- IQ7scmin 
- IQ lscmax 
-1Q3scmax 
- IQSscmax 

57 57 57 mA 5.25 V = 0; V - V = 0 
Q S T 

- IQ7scmax 

SUPPLY DATA 
Supply current 

DYNAMIC DATA 

IP typ. - 32 - mA 5 All inputs and outputs 
open 

Rise propagation tpdr typ. - 75 - ns 5 
delay time (note 1) tpdr < - 135 - ns 5 JCL = 15 pF; RL = 390 S2 

Fall propagation tpdf typ. - 75 - ns 5 
delay time (note 1) tpdf < - 135 - ns 5 CL = 15 pF; RL =39052 

Rise time tr < - 10 - ns 5 l f = 1 MHz; 
Fall time tf < - 10 - ns 5 J duty cycle: 0.5 
Trigger time HIGH tT1H: tT2H < - SO - ns 5 
Trigger time LOW tT1L:tT2L < - 50 - ns 5 
Width of pulse 
S2 and S4, LOW tS2L% t,~I, < - 50 - ns 5 

Note 1: 
All four outputs loaded. Output Ql connected to input T2. 
Note 2: 
Not more than one output should be short circuited at a time. 
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FJJ211/7493 
binary counter 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

2.4V 

t~ 
F --i 

S2,54 ,T~ and.T2
INPUTS 

0.4V 

Q~ OUTPUT 

3v 

2V 

tf Pulse generator: 
F 

tr < 10 ns 

tf < 10 ns 
f = 1 MHz 
duty cycle S = 0.5 

]Z55412 

~1.5V 

Waveforms inllustrating measurement of tpdr and tpdf 
Note 1: 
Tl input (Q1 output connected to TZ input) 

+5V 

To outputs Q3, Q5 and Q7 the same loading circuit. 

1)Including probe and jig capacitance. 

t.SV 

1.SV 

]Z55413 
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F1 family 
standard temperature range 

FJJ251/7492 
binary counter 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium sp.;ed digital equipment in computing, telecommunication, instrumentation and 
control . 

Features of the PJ imnil~~: *high -fan -out *low power consumption (t~~p. 10 mW for 
standard gate~) ~ high logic s~•ing * low output impedance #short circuit protection 
* high capacitance drive capability * high noise. margin (tvp. I.0 V for standard 

gates) «comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates. gate c~pandcrs, flip-flops and complex -function devices. 

1 

1 

 0 FF 

o, z 

FF 

43 11 

6 

1 
sZ
s4

—O 

0 s 

FF 

FF 

0 B 

4

SINGLE ASYNCHRONOUS 

4-BIT BINARY COUNTER 

14 13 12 11 10 1 7 1 
Ti h.c. Ql Q3 Lfi Q5 ~~ 

FJJ251~7L92 

Ty n.c. n.c. n.c. P SZ 54

7255409.1 

PACKAGE OUTLINE 

14 lead plastic dual in-line (type A) 
(See General Section) 

QUICK itEFERENCE DATA 

temperature 

Vp 

Tamb 

5.0+5~ 

0 to +70 

V 

oC 

f > 10 MHz 

Na > 10 

range) ML 

(total) 

pav 

> 
typ. 

typ. 

0.4 

1.0 

155 

V 
V 

mW 

Supply voltage 

Operating ambient temperature 

Maximum operating frequency 

Available d.c. fan-out 
(full temperature range) 

D.C. noise margin (full 

Average po~~~er consumption 

Tamb - 25 °C 
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FJJ251/7492 
binary counter 

Fl family 
standard temperature range 

CIRCUIT DIAGRAM 
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f 
FJ family 

standard temperature range 

FJJ251/7492 
binary counter 

The FJJ251/7492 isahigh-speed asynchronous 4-bitbina.ry counter with four master-

slaveflip-flopswhich are internally connectedtoprovideadivide-by-two anda divide-

by-six counter. By using an external connection a count of twelve can be obtained. A 

gated line, direct reset inhibits the count and simultaneously all flip-flop outputs 
return to the LOW state. 

For use as adivide-by-twelve counter, externally connect Ql  to T2; apply the count 
pulses to Tl . 
Simultaneous divisions by 2, 6 andl2are available at the outputs Q l , Q5 and Q7 as 
shown in the function table below. For use as adivide-by-six counter, apply the 
count pulses to T2 . 
Simultaneous divisions by 3 and 6 are available at the outputs Q5 and Q7 . 
The first flip-flop (TI and Ql) can be used independently if the reset function coin-
cides ~a~ith reset of the divide-by-six counter. 

FUNCTION TABLE 

count outputs 

Ql Q3 Q5 Q7 

0 L L L L 
1 H L L L 
2 L H L L 
3 H H L L 
4 L L H L 
5 H L H L 
6 L L L H 
7 H L L H 
8 L H L H 
9 H H L H 

10 L L H H 
11 H L H H 

Notes: 

1. Ql connected to T2
2. To reset all outputs in the LOW state, 

S2 and S4 inputs must be HIGH. 
3. Either S2 or S4 (or both) must be LOW 

to count. 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 7.0 V 

Input voltage VT; VS max. 5.5 V 1) 

Peak negative input voltage (T, S) —VM max. 2 V 2) 

Storage temperature Tstg —55 to +150 ° C 

Operating ambient temperature Tam 0 to +70 ° C 

1) In addition the input voltage between any two T inputs or between any two S inputs: 
max. 5.5 V. 

2) Pulse duration tp = 20 ns ;repetition frequency f = 5 MHz; source resistance RS X7552. 

September 1970 



FJ1251/7492 
binary counter 

F1 family 
standard temperature range 

CHARACTERISTICS 

Tamb ~° C ) 

0 25 75 

Conditions and References 

Vp 
~) 

STATIC DATA 

Voltage s 

Input threshold LOW 

S2; S4; Tl VS2Lmax 
VS4Lmax~ 0.8 0.8 0. 8 V 4.75 

VT1Lmax 
T2 VT2Lmax 0. 6 0.6 0. 6 V 4.75 

Input threshold HIGH 
S2; S4; Tl VS2Hmin 

VS4Hmin~ 2.0 2.0 2.0 V 4.75 

VT1Hmin 
T2 VT2Hmin 2.2 2.2 2.2 V 4.75 

Output LOW 

Qli Q3~ Q5 Q7 VQ1Lmax 
VQ3Lmax 0.4 0.4 0.4 V 4.75 Q1 connected to T2 

VQSLmax IQ - IQLmax 
VQ7Lmax 

Output HIGH 

Q1~ Q3~ Q5~ Q7 VQ1Hmin 
VQ3Hmin 2.4 2.4 2.4 V 4.75 QI connected to T2 

VQSHmin IQ - - IQHmax 
VQ7Hmin 

Currents 

Input LOW: S2 
S4

-I52Lmax 
- IS4Lmax ~ 

1.6 1.6 1.6 mA 5.25 VS = V Lmax Q 
Tl -ITILmax 3.2 3.2 3.2 mA 5.25 

T2 - IT2Lmax 6.4 6.4 6.4 mA 5.25 
VT= VQLmax 

Input HIGH: S2 
S4 

IS2Hmax 
IS4Hmax 

40 40 40 µA 5.25 VS =VQHmin 

Tl IT1Hmax 80 80 80 µA 5.251 
T2 IT2Hmax 160 160 160 µA 5.251 

VT -VQHmin 

Output LOW 

Q1~ Q3~ Q5~ Q7 IQ1Lmax 
IQ3Lmax 16 16 16 mA 4.75 
IQSLmax 
IQ7Lmax 
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FJ family F11251/7492 
standard temperature range binary counter 

i 

CHARACTERISTICS (continued) 

Tamb (oC) 

0 25 75 

Conditions and References 

VP 
N) 

ST.~ITIC DATA (conttnued) 

Output HIGH 

Q1~ Q3~ Q5' Q7 — IQ1Hmax 
— IQ3Hmax 400 400 400 mA 4.75 
— IQSHmax 
—IQ7Hmax 

Output short 
circuited 

Ql~ Q3~ Q5~ Q7 —IQlscmin 
(see note 2) —IQ3scmin 18 18 1bmA 5.25 VQ=0; VS=V-r=0 

—IQSscmin 
—IQ7scmi❑ 
—IQlscmax 
—IQ3scmax 57 57 57 mA 5.25 VQ = 0; VS = VT = 0 
—IQSscmax 
—IQ7scmax 

SUPPLY DATA 

Supple current Ip typ. — 31 — mA 5 All inputs and outputs 
< 51 51 51 mA 5 open 

DI'NAMIC DATA 

Rise propagation tpdr typ. — 60 — ns 5 

dela}- time (note 1) tpdr < — 100 — ns 5 CL = 15 pF; RL = 390 S2 
Fall propagation tpdf typ. — 60 — ns 5 

delay time (note l) tpdf < — 100 — ns 5 
Rise time t r < — 10 — ns 5 f = 1 MHz; 
Fall time tp < — 10 — ns 5 1 duty cycle: 0. 5 
Trigger time HIGH tT1H~ iT2H < — 50 — ns 5 
Trigger time LOW tT1L~ tT2L < — 50 — ns 5 
Width of pulse 

S2 and S4, LOW tS2L~ iS4L < — 50 — ns 5 

Note 1: 

All four output loaded. Output Q1 connected to input T2. 

Note 2: 

Not more than one output should be short circuited at a time. 
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FJ1251/7492 
binary counter 

FJ family 
standard temperature range 

~~ 

CHARACTERISTICS (continued) 

DYNAMIC DATA 

2.4V 

szs 4 ,T~ aid TZ

INPUTS 

0.4V 

1 2to6 

T~ INPUT/ 

(See note 1J ) 

Oy OUTPUT 

Pulse generator: 

tr < 10 ns 
tf < 10 ns 
f = 1 MHz 
duty cycle d = 0.5 

'l2554t2 

1.sv 

Waveforms inllustrating measurement of tpdr and tpdf 
Noie 1: 
Tl input (Q1 output connected to TZ input) 

+sv 

To outputs Q3, Q5 and Q7 [he same loading circuit. 

I)Including probe and jig capacitance. 

10 to 15 16 

tear 

1.5 V 

1.SV 

)255417 
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FJ fiamily 
standard temperature range 

FJJ261/74107 
dual JK flip-flop 

DUAL JK MASTER-SLAVE FLIP-FLOP 

For data of this type please refer to FJJ121/7473 

~~ 

December 1970 1 





FJ family 
standard temperature range 

FJ K101/74121 
monostable 

The FJ family of TTL silicon monolithic integrated circuits is designed for medium 
speed digital equipment in computing, telecommunication, instrumentation and con-
tr of . 

Features of the FJ family: =~~ high-fan-out -'= low power consumption (typ. 10 mW for 
standard gates) >~~ high logic swing =~~ low output impedance -~ short circuit protection 
-,~ high capacitance drive capability =~~ high noise margin (typ. 1.0 V for standard 
gates) ='~~ comprehensive range of circuits, including NAND gates, AND-OR-NOT 
gates, gate expanders, flip-flops and complex-function devices. 

MONOSTABLE MULTIVIBRATOR 

10 „Is 
C2 Ca 

Q~ fi
m ® ® m m' 0 

3 G~ 

c, 

P n.c. n.c. Cy C~ C3 n. 
4 GZ 

FJK101/74121 
5 G3

QZ 1 Qp n.c. G7 Gy G3 ~~ FJ 
~ © © © © ~ ~ 

7248997.1 

7255735 

QUICK REFERENCE DATA 

Supply voltage Vp 5. 0 ± 5~ V 

Operating ambient temperature Tam 0 to +70 oC 

Available fan-out {each output) Na > 10 

Average power consumption (50~ duty cycle) Pav typ. 90 mW 

PACKAGE OUTLINE 14 lead plastic dual in-line (type A) (See General Section) 
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FJ K101/74121 
monostable 

FJ family 
standard temperature range 

The FJK101/74121 monostable multivibrator features D.C. voltage level triggering 
which is not directly related to the input pulse transition time. The input gating al-
lows the choice of triggering either on the positive or negative-goingedge of the input 
pulse, as well as providinganinhibitfacility. Both positiveandnegativeoutput pulses 
are available with a full fan-out of 10 and TTL line driving capabilities. 
G1 and G2 are negative-edge trigger inputs and will trigger the one-shot when either 
or both go LOW as long as G3 is HIGH. G3 is a positive-edge Schmitt-trigger input 
for slow edges or level detection, and will trigger the one-shot when G3 goes HIGH 
as long as Gl or G2 are LOW. 
Output pulse duration may be varied between 40ns and 40 s and is determinedby the 
value of external components used (see TIMING NOTE5 on page 6). 

FUNCTION TABLE 

inputs outputs 

G1 
to 
G2 G3 

to+l 
G1 G2 G3 

H H L H H H inhibit 
L X H L X L 
X L H X L L " 
L X L L X H one-shot 
X L L X L H 
H H H X L H 
H H H L X H 
X L L X H L inhibit 
L X L H X L " 
X L H H H H " 
L X H H H H " 
H H L X L L 
H H L L X L " 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
X =state immaterial 

to =time before input transition 

to+1 =time after input transition 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage 

D. C. input voltage 

Negative transient input voltage 

Storage temperature 

Operating ambient temperature 

Vp max. 7.0 V 

VG max. 5.5 V 1) a 

—VGM max. 2.0 V 2) 

Tstg —65 to +150 oC P 

Tam 0 to +70 oC 
1 
1 

1) In addition, the voltage between any two inputs must not exceed 5.5 V. 
2) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz; source resistance RS > 7552. 

) 
t 
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FJ family 
standard temperature range 

FJ K101/74121 
monostable 

CHARACTERISTICS 

Tam(°C) 

0 25 70 

conditions and 
references 
Vp 
(V) 

STATIC DATA 
Voltages 

Input threshold LOW 
(negative-going) 

any input VGLmin 0. 8 0. 8 0. 8 V 4. 75 
Gl; G2 VGLtyp - 1.4 - V 5.0 
G3 VGL~ - 1.35 - V 5.0 

Input threshold HIGH 
(positive-going) 

any input VGHmax 2.0 2.0 2.0 V 4.75 
Gl ; G2 VGHtyp - 1.4 - V 5.0 

G3 VGHtyp - 1.55 - V 5.0 

Output LOW VQLmax 0.4 0.4 0.4 V 4.75 
I = 16 mA 

VQLtyp - 0.22 - V 5.0 Q 

Output HIGH VQHmin 2.4 2.4 2.4 V 4. 75 
I = -400µA 

VQHtyp - 3.3 - V 5.0 Q 

Currents 

Input LOW 

Gl; G2 -IGLmax 1.6 1.6 1.6 mA 5.25 

G3 -IGLmax 3.2 3.2 3. 2 mA 5.25 
}VI = 0.4 V 
J 

Input HIGH 

Gl' G2 
G3

IGHmax 
IGHmax 

40 
80 

40 
80 

40 
80 

µA 
µA 

5.25 
5.25 

VI = 2. 4 V 

any input IGI3max 1 1 1 mA 5.25 VI = 5. 5 V 

Output LOW IQLmax 16 16 16 mA 

Output short-circuit 1) -IQsc min 18 18 18 mA 5.25 

-IQsc max 55 55 55 mA 5.25 

SUPPLY DATA 

Supply current 

quiescent (unfired) Ip typ. 13 13 13 mA 5.0 
Ip < 25 25 25 mA 5.0 

fired Ip typ. 13 23 13 mA 5.0 
Ip < 40 40 40 mA 5.0 

I) Only one input to be shorted at a time. 
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FJ K101/74121 
monostable 

FJ family 
standard temperature range 

CHARACTERISTICS (continued 

Tamb (oC~ 

0 25 70 

Conditions and 
references 

V 

(V) 
CL=15pF;Na=10 

DYNAMIC DATA 

Signal requirements 

Input pulse width tG > - 50 - ns 

Input pulse rise/fall time 

dtdGG1' 
G2 < - 1 - Vets 

dt 
Performance 

Rise propagation delay time 

Gl , G2 ~Q1 tpdr > - 25 - ns 5.0 

tpdr n'P• - 45 - ns 5.0 
tpdr < - 70 - ns 5.0 

G3 tpdr > - 15 - ns 5.0 — ~Q1 
tpdr typ. - 35 - ns 5.0 
tp~ < - 55 - ns 5.0 

Fall propagation delay time 
Ct = 80 pF 

G1, G2 —~+Q2 tp~ > - 30 - ns 5.0 

tP~ 
typ. - 50 - ns 5.0 

tP~ 
< - 80 - ns 5.0 

tp~ > - 20 - ns 5.0 G3 —~Q2 
tp~ typ. - 40 - ns 5.0 

tP~ 
< - 65 - ns 5.0 

Output pulse width: 
with internal timingresistance tQ > - 70 - ns 5. 0 Ct = 80pF; Rt=open; 

tQ typ. - 110 - ns 5.0 }pin C3 connected 

tQ < - 150 - ns 5.0 JJJ to 5.0 V 

with zero timing capacitance tQ > - 20 - ns 5.0 Ct = 0; Rt =open; 

tQ 
typ. - 30 - ns 5.0 pin C3 connected 

tQ 
< - 50 - ns 5.0 to 5.0 V 

with external timing resistance tQ > - 600 - ns 5.0 Ct = 100 pF; 

tQ 
typ. - 700 - ns 5.0 } Rt = 10 K52; 

JJJ
tQ 

< - 800 - ns 5.0 pin C3 open 

tQ > - 6 - ms 5.0 Ct = 1µF; 

tQ 
typ. - 7 - ms 5. 0 }Rt = 10 KS2; 

tQ < - 8 - ms 5.0 JJJ pin Cg open 

~ ii January 1971 



F1 family 
standard temperature range 

FJ K101/74121 
monostable 

CHARACTERISTICS (continued) 

DYI~TAMIC DATA 

Gt or Gy t5V 

tG —~~ 

ft pa,~ 

t- tiler —► 

to

1.5V 

C
\  ~I 

`/ V 

 __,~ 
I
I 

~-- 4o 

1.SV 

~t p°`-►

\ / 
f tear —s 
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FJ K101/74121 
monostable 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 
TINIING NOTES 

Vp p 14 

C3 9 

Rt (internal) 
2kR nom 

10 Q C~ CZ 11 

 +ai ~t
direction 

(external) 7255736 of signal 

1. An external timing capacitor may be connected between C1 (pin 10 - positive)and 

C2 (pin 11 -negative). Without an external capacitor the output pulse width is 
typically 30 ns. 

2. An internal timing resistor is incorporatedbetweenC3(pin 9) and CZ(pin 11) and 

has a nominal value of 2 kS2. It maybe brought into the circuit by connecting C3 to 

Vp (pin 14). 

3. For variable pulse widths an external variable resistor :should be connected be-

tween C3 and Vp; no external limiting is then requir^d 

4. For accurate repeatable pulse widths connect an external resistor between point 

CZ and Vp, leaving point Cg open. 

5. Jitter-free operation is maintained over the full temperature and supply voltage 

range for timing capacitances from lOpF to 10µF and timing resistances from 

2 kS2 to 40 kS2. 
Within these limits the outputpulse width follows the relationship tQ=Ct.Rt Q nZ. 

6. A duty cycle of up to 67~ is achieved byusingonlytheinternaltimingresistance. 

Duty cycles as high as 90 ~ are obtained by using Rt = 40 kS2. Higher duty cycles 

are achievable if a certain amount of pulse-width jitter is allowed. 

6 January 1971 



FJ family 
standard temperature range 

FJ K1O1/74121 
monostable 

CHARACTERISTICS (continued) 

10 

a~ 

(ms) 

1 

10-~ 

101

10'3

10-4

5 

10.10-  1 10 10 Z Rt (kll) 10 3

output pulse width as a function of Rt

]255]38 

Ct-1 NF 

01uF 

10nF 

1nF l  

   100 pF 

max Rt =40kR 

10pF 

January 1971 7 



FJ K101/74121 
monostable 

FJ family 
standard temperature range 

CHARACTERISTICS (continued) 

102

tp 

Ims) 

10 

1 

10-~ 

10-2

10-3

10-4

10"5
10 

'Z5 ~3) 

output pulse width as a 
fiunction of Ct 

Rt=40kR 

10kR 

2 k!1 

102 103 104 105 106 10~ 
Ct (PF) 
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FJ family 
standard temperature range 

FJL101/744iA 
decoder 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the PJ family: * high -fan -out *low power consumption (typ. 10 mW for. 
standard gates) *high logic ~wing *low output impedance *short circuit protection 
* high capacitance drive capability * high noise margin ([yp. 1.0 V for standard 
gate~) * comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates. gate expanders, flip-flops and complex -function devices. 

3 

SINGLE DECODER N.I.T. DRIVER 1) 

I1

6 I 

7 I4

4 IB

decoded 

NIT 

driver 

a o~
~  D1
O °z

~3 

16 
15 
8 
9 

O p̀  
OS 

Q 
~6 

13 
14 
11 

O °7 10 

O °e
°9 

1 
2 

7248977.1 

m ® m ® ® m m' Q 
4o at 

°8 n9 

QS Q 4 H Qg ~~ Q 

FJL101~7G41A 

I1 I8 P Ip I4 Q 

v ©©v ©v v 0 

QUICK REFERENCE DATA 

7Z 95477.1 

Supply voltage Vp 5.0 t 5~ V 

Operating ambient temperature Tamb 0 to +70 °C 

Supply current Ip typ. 19 mA 

Drive lines 10 

Output voltage at any output VQ > 55 V 

The FJL101/7441A is a BCD (1-2-4-8 code)to decimal decoder incorporatinghighvoltage 
output tranststors for drtvtng numerical indication tubes. It contains a decoding ar-
ray followed by ten output driver stages which can be used for parallel or serial 
drive. For parallel drive no external clamping diodes are needed. For serial drive 
the cathode voltages must be clamped to prevent excessive dissipation that may be 
caused by the leakage currents of non -ignited cathodes are cut-off. 

PACKAGE OUTLINE: 16 lead plastic dual in -line (type A) (See General Section) 

11 N.I.T.; Numerical Indicator Tube. 
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FJL101/74411le 
decoder 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 
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FJ family 
standard temperature range 

f J L101 /7441A 
decoder 

FUNCTION TABLE 

inputs 
output 

ON-state *) *)All other outputs are off. II IZ I4 I8

L L L L 0 
H L L L 1 
L H L L 2 
H H L L 3 
L L H L 4 
H L H L 5 
L H H L 6 
H H H L 7 
L L L H 8 H = HIGH state (the more positive voltage) 
H L L H 9 L =LOW state (the less positive voltage) 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supple voltage Vp max. 7.0 V 

Input voltage 

Current into any output 
(OFF state) 

VI

IQ 

max. 

max. 

5.5 

0. 5 

V 

mA 

Operating ambient temperature 

Storage temperature 

Tamb 

Tstg 

0 to +70 

—65 to +150 

oC

oC
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FJL101/7441A 
decoder 

FJ fiamily 
standard temperature range 

CHARACTERISTICS 

Tamb (°C) 

0 25 70 

Conditions and References 

Vp 

(V ) 

STATIC DATA 

Voltages 

Input threshold 

LOW 1) VILmax 0.8 0.8 0.8 V 4.75 

Input threshold 
HIGH 1) VIHmin 2.0 2.0 2.0 V 4.75 

Output LOW 
(ON-state) 1) VQLmax 2. 5 2. 5 2. 5 V 4.75 { QL 

= 0. 8 V; VIH = 2.0 V 

Currents 

Input LOW 

II - II1Lmax 3.2 3.2 3.2 mA 5.25 VIL = 0.4 V 

I2, I4. Ig - II2Lmax 
-II4Lmaxl 1.6 1.6 1.6 mA 5.25 VIL = 0.4 V 

- II8Lmax 

Input HIGH 

I1 II1Hmax 80 80 80 µA 5.25 VIH = 2.4 V 

II1Hmax 1 1 1 mA 5.25 VIH = 5. 5 V 
I2, I4, Ig II2Hmax~ 

II4Hmax 40 40 40 µA 5.25 VIH = 2.4 V 

II8Hmax 
I2, I4, Ig II2Hmax 

II4Hmax~ 1 1 1 mA 5.25 VIH = 5. 5 V 

II8Hmax 

Output leakage 

current HIGH 
(OFF-state)1) -IQHm~ 200 200 200µA 5.25 

VQ = 55V,VIL=VILmax 
VIH = VIHmax 

SUPPLY DATA 

Supply current Ip typ. - 22 - mA 5.0 All inputs and outputs open 

1) See function table on page 3, VIL and VIH to be maintained as in function table. 
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F1 family 
standard temperature range 

fJY101/7460 
dual expander 

The FJ family of TTL silicon monolithic integrated circuits is designed for me-
dium speed digital equipment in computing, telecommunication, instrumentation and 
control. 

Features of the FJ family: * high -fan -out *low power consumption (typ. 10 mW for 
standard gates) *high logic swing *low output impedance .short circuit protection 
+ high capacitance drive capability * high noise margin (typ. 1.0 V for standard 
gates) *comprehensive range of circuits, including NAND gates, AND-OR -NOT 
gates, gate expanders, flip-flops and complex -function devices. 

DUAL 4-INPUT AND-OR-NOT EXPANDER 
13 Gt
1 Gp 
2 G3

3 Gq 
4 GS 
5 G6

6 Gy 

8 Ge 

a, 1i 
Qz 11 

Q3 9 
10 

7Z 4897 B.1 

,4 ,3 ,z ,o n n 
P G1 Q1 QZ t7~ Q3 GB

FJV101/7460 

Gy G3 G~ GS G6 G~ S 

7255130.1 

QUICK REFERENCE DATA 

Supply voltage Vp 5.0 + 5~/p V 

Operating ambient temperature range Tamb 0 to + 70 °C 

Average propagation delay time when used with 
FJH151 or FJH171 

N =fan-out = 10; Tamb = 25 ° C tpd 
typ. 15 ns 

1) 
> 0.4 V D.C. noise margin (full tetperature range) ML
typ. 1.0 V 

Average power consumption; 
(each expander) Tamb = 25 ° C pav typ. 4.0 mW 

The FJY101/7460 is a dual 4-input AND-0R -NOT expander for use with the FJH151/ 
7450 and FJH171/7453. Up to 4 expanders may be connected to the expandable gates 
of FJH151/7450 and FJH171/7453. 

PACKAGE OUTLINE 14 lead plastic dual in -line (type A) (See General Section) 

1) When used with FJH151/7450 or FJH171/7453 as applicable. 
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FJY101 /7460 
dual expander 

FJ family 
standard temperature range 

CIRCUIT DIAGRAM 

RATINGS Limiting values in accrodance with the Absolute Maximum System (IEC 134) 

Supply voltage 

Input voltage 

Peak negative G input voltage 

Storage temperature 

Operating ambient temperature 

Vp max. 7.0 V 

VC max. 5.5 V1) 

—V GM max. 2 V2) 

Tstg —55 to +150 ° C 

Z'amb 0 to +70 ° C 

1) In addition the voltage between any two inputs: max. 5. 5 V. 
2) Pulse duration tp = 20 ns; repetition frequency f = 5 MHz ; source resistance RS > 75 S2. 
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FJ family 
standard temperature range 

FJY101 /7460 
dual expander 

} 

CHARACTERISTICS 1 ) 

Tam (oC) 

0 25 70 

Conditions and 
references 

VP 
(V ) 

STATIC DATA 

Voltage s 

Input threshold LOW VGLmax 0. 8 0.8 0.8 V 

Input threshold HIGH VGHmin 2.0 2.0 2.0 V 

Currents 

Input LOW - IGLmax 1.6 1.6 1.6 mA 5.25 VG = 0.40 V 

Input HIGH IGHmax 40 40 40 µA 5.25 VG = 2.4 V 

SUPPLY DATA 

Supply current 
IPL tYP• 2.0 2.0 2.0 mA 5.0 

Input LOW IPL ~ 4.0 4.0 4,0 mA 5.0 JVG = 0 

Input HIGH IPH tYP• 
IPH ~ 

1. 2 1.2 1. 2 mA 
2.5 2.5 2.5 mA 

5.0 
5.0 

1V 5.0 V 
J G = 

DYNAMIC DATA 

Rise propagation 
delay time tpdr typ. _ 15 ns 

5.0 
< e 

30 ns CL=15pF 

Fall propagation tpp. 
N = 10 

delay time tpdp _ 20 - 
ns 

5.0 

I) When used in conjunction with the FJH151/7450 

September 1470 





MOS FD family 





FDH106 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

ARITHMETIC/LOGIC ARRAY 

m m m m m m m m m m m m m m m m m m m m 
P3 Py ~t n.C. Gt3 n.c. G23 ~y D3 G33 G43 

FDH106 

44 QS Gs3 G63 n.C. Q6 

Po Gtt Gtz Gzz n.c. n.c. Gzt Gat G3z Gaz Got Gst Gsz G6z Gfit Gt G3 G2 Gc Gs 
0©©©© ~ ~ O ~ m m®® m® m m m m ®' 

7Z 55612 

PO and metal lid on top of the package are connected 

QUICK REFERENCE DATA 

Supply voltage VPl -24 to -28 V 
Operating ambient temperature Tamb -55 to +85 oC 
Average propagation delay 

CL=50pF tpd typ. 250 ns 

D. C. noise margin MHO ML > 1.0 V 
Average power consumption per function 

at 1 MHz switching rate Pav typ. 35 mW 

PACKAGE OUTLINE: 40 lead ceramic dual in-line (See General Section) 

January 1971 1 



FDH106 FD family 

2 

16 18 17 19 20 I23 ' 39 40 

G11 

G1 Gy G3 G4 GS P1 Pp P3

3 G1z 

36 G13 

Gni 

~1 38 

Gn2 

Gni 

15 

14

26 

G61 

fez 

G63 

On

~6 24 

Pp 

1 7 Z 55613 
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FD family FDH106 

GENERAL DESCRIPTION 

The FDH106 consists of six, identical, 3-input gate networks. Five coded control 
lines determine the function of the six gate networks. Each network may function 
as a full adder/subtractor, or, if used as a 2-input gate, it can provide all logic 
functions of 2 variables. 
Thus one of 32 different functions can be selected by the control lines; the selected 
function is available six times. 
The output voltage swing is determined by the output buffer supply voltage. All in-
puts are protected against over-voltage caused by static charges. 
Inputs Gl to G5 have pull-down resistors connected to P3, so that they assume the 

LOW state when left floating. 

RATINGS Limitingvalues inaccordance with the Absolute I~iaximumSystem (IEC 134) 

Voltage on all inputs, outputs and supply terminals 
with reference to PO 

Power dissipation up to Tam = 25 ° C 

Junction temperature 

Storage temperature 

Total current through terminal P3 

Output current per output 

THERMAL RESISTANCE 

Ptot 

Tj 

Tstg 

—1P3 

±1Q 

From junction to ambient Rth j-a 

+0. 5 to —30 V 

max. 1 W 

max. 150 ° C 

—65 to+150 °C 

max. 40 mA 

max. 20 mA 

125 ° C/W 
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FDH106 FD family 
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FD #amity FDH106 
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FDH106 FD family 

CHARACTERISTICS 

Test conditions: Vpl = —24 to —28 V; Vp2 = VP3 = —12 to —14 V (see note 1); Tam _ 
—55 ro +85 °C; PO =grounded; standard load: 50 pF in parallel with 
1 M52 to P0. 

Symbol min. typ 1)max. 
conditions and 
references 

Input logic levels 
HIGH VGH —2 0 +0. 3 V 
LOW VGL —28 — —9 V 

Output levels 
HIGH VQH —1.0 — OV 
LOW VQL —14 — —IOV 

Input capacitance 
G1;G2;G3;G4;G5 CG1 to CG5 — 5.5 7pF bias:VG=OV;f=1MHz 
all other inputs CG11toCG63 — 3.5 5pF bias:VG=OV;f=1MHz 

(VG=-15V;Tamb=25°C 

Input leakage current —IGL — — 1µA Sall other terminals 
at VP0 

Output resistance 
HIGH RQH — 1.0 — k2 VQ = —1 V 

LOW RQL — 2.0 — k<? VQ = —10 V 

Supply current 
(see note 2) —Ip l — 4.6 7.0 mAl 

—IP2 — 2.0 2.5 mA }f=1MHz;Tamb=25° C 
—IP3 — 4.2 6.O mA 

Output transition times: 
fall time tTHL — 150 — ns 

rise time tTLH — 150 — ns 

Delay times: 
fall time tDHL — 250 400ns 

see note 3 
rise time tDLH — 250 400 ns 

Control input sink current —IG1 to 
—IG5 — 32 — µA bias: VG = —2 V 

Note 1: VP2 is independent of circuit operation and is used for output LOW only. 
Note 2: Output buffer power supply current is almost entirely dependent on the ex-

ternalload. 
Note 3: Delays are measured at —6 V levels of input and output signals. 

1) All typ. values under test conditions: Vpl = —26 V; Vp2 = —13 V; T a m= 25° C. 
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FD family FDH106 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

0—

G INPUT _ 6 _ 

-13 — 

O OUTPUT 6 

G INPUT 

Q OUTPUT 

~P2 

0-

-6 — 

-13 — 

-VP2 

`GLH tGH 

t  DLH 

y 

-- a 

f—

t DHL 
F 

f - -1 

t  TLH tTHI 7255615 

non-inverting function 

t DHL 

—► 

tDLH 
t 

f y 

t THL tTLH 
~z 55614 

inverting function 

Measurements performed under the following conditions: 

Vpl = —24 to —28 V; Vp2 = VP3 = —12 to —14 V; tGLH = tGHL = 150 ns. 

Note: The indicated points on the vertical axis are specified in the glossary of terms. 
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FDH106 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

FD family 

1. Input signal rise time: tGLH 
The time between the 90 %and 10 %voltage points as the input pulse goes from 
LOW to HIGH. 

2. Input signal fall time: tGFIL 
The time between the 10 %and 90 %voltage points as the input pulse goes from 
HIGH to LOW. 

3. Rise delay time: tDLH 
The delay between the time the inp~_~t arrives at its —6 V point and the time the 

output passes —6 V when going from LOW to HIGH. 

4. Fall delay time: tDHL 
The delay between the time the input arrives at its —6 V point and the time the 

output passes —6 V when going from HIGH to LOW. 

5. Output rise transition time: tTLH 
The time between the 90 %and 10 %voltage points as the output goes from LOW 

to HIGH. 

6. Output fall transition time: tTHL 
The time between the 10 %and 90 %voltage points as the output goes from HIGH 

to LOW. 
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FD family FDH106 

OUTPUT BUFFER DESCRIPTION 

The FDH106 utilizes push-pull output buffers which exhibit the VQ versus IQ output 
curves, for both HIGH and LOW output, shown below. 

]Z66620 

typical values 

output LOW 
 VPy=-13V 

output HIGH. 

-15 Va (VI -10 -5 

TYPICAL PERFORMANCE at load of CL in parallel with 1 M52 to P~. 

200 

S 
(%) 

100 

0 

7255617 

Z=relative propagation delay 
100%-tpdat C~=50pF 

Vp~ =-26V 

VP2= VP3=-13V 

Pp=grounded 

Tamb = 25°C 

0 50 100 C~ (pF) 150 

10 

Ia

(mAl 

5 

0 

5 

0 10 
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FDH106 ~D family 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO = grounded; standard load: 50 pF in parallel with 1 MSZ to Pp. 

600 

125 

Z 
(%1 

100 

75 

50 

7255616 

Z=relative propagation delay  
100%=tpdat Tamb=25°C 

Vp~=-26V 
VP 2 = VP 3 =-13V 

-50 0 

7255619 

I I I 

50 100 Tambl°C) 150 

400 7Z 55618 

Ptot 

(mW) 

400 

200 

0 
-24 

-12 

VP2 =VP3 

tpd 

(ns) 

300 

200 

100 
24 

-12 

VP2 = VP3 --

Tamb=85°C 

55 
Tamb=-55 0 C 

_~25 

0 
0 --, 

-SL~~, 25 
55 
85 

-25 -26 -27 V IV 
-28 

P1 

-25 -26 -27VP (V128 

-12.5 -13 -13.5 -14 
VPZ(VI 

-12.5 -13 -13.5 -14 
vPZIVI 

Power dissipation as a function of the 
supply voltages Vpl and VpZ

Propagation delay as a function of 
the supply voltages Vpl  and VpZ
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FD family FDH116 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

CONTROL LOGIC ARRAY 

m m m m m m m m m m m m m m m m m m m m 
P2 P1 47 G30 Q6 G29 

Pp Q1 0 

7255621 

~5 G28 G27 G26 G25 G24 G23 G22 G21 

FDH116 

Gro G19 4 4 Qg G11 

G1 G2 G3 G4 G5 G6 G7 GB G9 G10 G16 G17 G1s G1s G14 G13 

PO and metal lid on top of the package are connected. 

G12 

QUICK REFERENCE DATA 

Supply voltage VP1 —24 to —28 V 

Operating ambient temperature Tamb —55 to +85 °C 

Power dissipation (f = 1 MHz) Ptot typ. 150 mW 

Average propagation delay tp d typ. 250 ns 

D. C. noise margin MH ~ ML > 1.0 V 

PACKAGE OUTLINE 40 lead ceramic dual in-line (See General Section) 
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FDH116 FD family 
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0,z 3 

~3 22 
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Q 23 

Q5 34 

46 36 

a, 38 
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FD family FDH116 

GENERAL DESCRIPTION 

The FDH 116 contains all the logic functions shown in the diagram and described in the 
logic function on page 4. It is intended to perform the control logic in all MOS digital 
systems. The output voltage swing is determined by the output buffer supply voltage. 
All inputs are protected against over-voltage caused by static charges. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

tioltage on all inputs, outputs and supply 

terminals with reference to PO +0. 5 to —30 V 

Power dissipation up to Tamb = 25 °C Ptot max. 1 W 

Junction temperature Tj max. 150 °C 

Storage ter~.perature Tstg —65 to+150 °C 

Total current through terminal P2 —IP2 max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 125 ° C/W 
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FDH116 FD family 

LOGIC FUNCTIONS 

Positive logic 

Q1 = G1 ' G2 G3 ' G4 • G5 G6 • (G7 + G8) (G9 + G10)

Q2 = G1 ' G2 ' G3 ' G4 • G5 • G6 • (G7 + Gg) (G9 + G10) 

Q3 = G11 G12 ' (G13 + G14) (G15 ~' G16) (G 17 + G18) 

Q4 = G 19 (G20 + G21) ' (G22 + G23~ ' (G24 + G25) 

Q5 = G26 

Q6 = G29 

Q7 = G30 

G27 G28 

Negative logic 

Q1 =G1+G2+G3+G4+G5+G6+G7 • G8+G9' G10 

Q2 =G1+G2 +G3+G4+G5+G6 +G7 • G8 +G9 • G10 

Q3 = G11 + G12 +(G13 • G14}+(G15 G16}~(G17 Glg) 

Q4 = G19 +(G20 G21~(G22 

Q5 = G26 + G27 + G28 

Q6 = G29 

Q7 = G30 

G23~(G24 • G25)
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FD family FDH116 

CHARACTERISTICS 

Test conditions: Vp l = -24 to -28 V; VP2 = -12 to -14 V (see note 1); Tamb = -55 
to +85 ° C; PO =grounded; standard load: 50pF in parallel with 1 MS2 
to P0. 

Symbol min. typ. 1) max. 
Conditions and 
references 

Input logic levels 
HIGH VGH -2 - +0.3 V 
LOW VGL -28 - -9 V 

Output levels 
HIGH VQH -1.0 - 0 V 

LOW VQL -14 - -10 V 

Input capacitance 

G29> G30 CG29~ CG30 - 5 7 pF bias: VG = 0 V 

all other inputs CGI to CG28 - 3. 5 5 pF f = 1 MHz 

VG = -15 V; all other 
Input leakage current -IGL - - 1 µA terminals at VP0

Tam = 25 °C 

Output resistance 
HIGH RQH - 1 - k52 VQ = -1 V 

LOW RQL - 2 - k52 VQ = -10 V 

Supply currents -Ipl - 4.6 6.5 mAlf=lMHz;Tamb=25°C 
-IP2 - 2.3 3.0 mA/see note 2 

Output transition times: 
fall time tTHL - 150 - ns 

rise time tTLH - 150 - ns 

Delay times: 

tDHL~ tDLH - 150 250 ns G~Q1~Q3~Q4~Q5 

G —'Q6~Q7 tDHL>tDLH - 125 250 ns see note 3 

G —'Q2 tDHL~tDLH - 175 300 ns 

1) All typ. values measured at: Tam = 25 ° C; VP1 = -26 V; Vp2 = -13 V 

Note 1: VP2 is independent of circuit operation and is used for output LOW only. 
Note 2: Output buffer power supply current is almost entirely dependent on the ex-

ternal load. 
Note 3: Delays are measured at -6 V levels of input and output signals. 

(see also timing diagram on page 6 ). 
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FDH116 FD family 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

G INPUT 

-13 — 

~' 

O OUTPUT 6 _ 

-VP2 

0—

G INPUT _6 = 

-13 

Q OUTPUT -6 — 

-VP2 — 

t GLH 
~ ~ 

—► 

tGH 
~I 

DLH 

I 
-► 

f— ~ 

r 

t DHL 

f ~ 

~-

t  TLH tTHL 7z556i5 

non-inverting function 

tDHL 

—s 

t THL 

t DLH —► 

f ~ ~ 

t TLH 
'/Z SSfi14 

inverting function 

Measurements performed under the following conditions: 

Vpl = —24 to —28 V; VP2 = —12 to —14 V; tGLH = tGHL = 150 ns. 

Note: The indicatedpoints on the vertical axis are specified in the glossary of terms. 

6 January 1971 



FD family FDH116 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1, Input signal rise time: tGLH 
The time between the 90 ~ and 10 ~ voltage points as the input pulse goes from 
LOW to HIGH. 

2. Input signal fall time: tGHL 
The time between the 10 ~ and 90 ~ voltage points as the input pulse goes from 
HIGH to LOW. 

3. Rise delay time: tDLH 
The delay between the time the input arrives at its - 6 V point and the time the 
output passes -6 V when going from LOW to HIGH. 

4. Fall delay time: tDHL 
The delay between the ti:.ie the input arrives at its - 6 V point and the time the 

output passes -6 V when going from HIGH to LOW. 

5. Output rise transition time: tTLH 
The time between the 90 ~ and 10 ~ voltage points as the output goes from LOW 
to HIGH. 

6. Output fall transition time: tTHL 
The time between the 10 ~ and 90 ~ voltage points as the output goes from HIGH 
to LOW. 
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FDH116 FD family 

OUTPUT BUFFER DESCRIPTION 

The FDH116 utilizes push-pull output buffers which exhibit the VQ versus IQ output 
curves, for both HIGH and LOW output, shown below. 

]255627  1p

Ia

(mA) 

5 

typical values 

output LO W 

 VPZ =-13 V 
output LOW 
 VPZ=-SV 

output HIG H 

VPZ =-13V 

-15 Va (V) -10 -5 

TYPICAL PERFORMANCE at load of CL in parallel with 1 MSl to P~. 

200 

Z 
(%1 

100 

7Z 55624 

Z=relative propagation delay 
100°/o=tpdat C~=50pF 

r VPt =-26V 
VPZ=-13 V 

Po=grounded 

Tamb=25°C 

0  
0 50 100 CL IPFI 150 

0 

5 

0 10 
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FD family FDH116 

TYPICAL PERFORMANCE (continued) 
Test conditions: PO = grounded; standard load of 50 pF in parallel with 1 M52 to P0. 

125 
9255623 

l %o) 

100 

75 

50 
_50 0 50 100 T°mb(°C1 150 

Rated proparation delay as a function of ambient temperature. 

300 7255626 300 

T=relative propagation delay 
1 00%=tpd at Tamb= 25°C 

Vp~=-26V 
VP2=-13V 

Pt of 

(mWl 

200 

100 

0 

Tamti=-55°C 

!' 

+25 

+85 

-24 -25 -26 -27 V IV 
-28 

Pi 

-12 -12.5 -13 -13.5 -14 
VPZIVI 

Power dissipation as a function of 
the supply voltage Vpl and Vp2

Note: output buffer power dissipation 

not included, since it is entirely 
dependent of loading conditions 

tptl 

(nsl 

200 

100 

9Z 55625 

Tamb=85°C 

~_  55 

25 
0 

-55 

~24 -25 -26 -27 -28 
VP (V) 

-12 -12.5 -13 -13.5 -14 
VPZ(V) 

Propagation delay of Q2 (slowest 
output)as afunction of the supply 

voltages Vpl and Vp2. 
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FD family FDH126 

The FD family is a series of complex monolithic integrated circuits utilizingMOS 
P-channel enhancement mode technology. 

CARRY ARRAY 

m m m m m m m m m m m m m m m m m m m m 
Pz ~t 

• 
Po n.c. 

4z 

n.c. 

43 

n.c. 

44 

n.c. 

4s 

n.c 

~6 

G3

4y de 

Gt G 

D9 Gyt 

FDHt26 

Pt Gtz Gtt Gz2 Gzt 

G9z n.c n.c Get Gee Get Gn Gst G5z 

G3z Gat Gaz Gat G5z Gst 

7Z 55628 

PO and metal lid on top of the package are connected. 

QUICK REFERENCE DATA 

Supply voltage Vpl —24 to —28 V 

Operating ambient temperature Tam -55 to +85 °C 

Average propagation delay 
CL = 50 pF; Tam = 25 ° C tpd typ. 250 ns 

D. C. noise margin M13, ML > 1.0 V 

Power dissipation (f = 1 MHz) Ptot typ. 260 mW 

PACKAGE OUTLINE 40 lead ceramic dual in-line (See General Section) 
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FDH126 FD family 

B G1 
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7 

12 

11 

30 

29 

G„1
G,~ 

Gq~ 

Gq2 

i 
P~ 
,o i 

Pz

39 

Po 

~~ 

~g 

} zz ssszs+ 

31 

2 January 1971 



FD family FDH126 

GENERAL DESCRIPTION 

The FDH 126 contains CARRY propagation circuits for a nine stage binary adder/sub-
tractor. It can be cascaded for longer word lengths. 
The device is intended to cooperate with the FDH 106; e. g. three FDH106 and two 
FDH 126 packages can be put together to make an 18-bit parallel adder/subtractor. 
By combining all the CARRY circuits in the same package, a very fast CARRY prop-
agation is obtained. 
All inputs are protected against over-voltage caused by static changes. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Voltage on all inputs, outputs and 
supply terminals with reference to PO 

Power dissipation up to Tamb = 70 °C 

Junction temperature 

Storage temperature 

Total current through terminal F2 

Ptot 

Tj 

Tstg

—IP2

+0. 5 to —30 

max. 1 

max. 150 

—65 to +150 

max. 40 

V 

W 

° C 

°C 

mA 

Current per output 
±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 125 °C/W 



FDH126 FD family 

FUNCTION TABLE 

G2 G3 Qn-1 Gnl Gn2 Qn 

H X H H X H 

H H H L H L 

H H H L L H 

H H L H H L 

H H L H L H 

H X L L X L 

H L H L H H 

H L H L L L 

H L L H H H 

H L L H L L 

L X X X X L 

H =HIGH state (the less negative voltage) 
L =LOW state (the more negative voltage) 
X =state is immaterial 

For n = 1: 

Qn-1 = Gl 

LOGIC FUNCTION 

Positive logic: 

Qn = G2 ' {Gnl ' (G3 ' Gn2 + G3 ' Gn2) + Qn-1 (Gnl + G3 ' Gn2 + G3 ' Gn2)} 

Negative logic: 

Qn = G2 + Gnl " (G3 ' Gn2 + G3 ' Gn2) + Qn-1(Gnl + G3 ' Gn2 + G3 ' Gn2) 
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FD family FDH126 

CHARACTERISTICS 

Test conditions: Vp l = -24 to -28 V; VP2 = -12 to -14 V; Tamb = -55 to +85 °C 
PO =grounded; standard load for Qg and Qq: 50 pF in parallel with 
1M52 to P0; for Q1 to Q~ , 25 pF in parallel with 1MS2 to Pp. 

Symbol min. typ 1) max. 
Conditions and 
references 

Input logic levels 
HIGH VGH -2 0 +0. 3 V 
LO W VGL -28 - -9 V 

Output levels 
HIGH VQH -1.0 - 0 V 
LO W VQL -14 - -10 V 

Input capacitance 

GI;GII to G92 CG - 4.5 6.0 pF 

G2 CG2 - 6.8 9.0 pF }bias:VG=O V;f=1 MHz 
G3 CG3 - 9.5 12.5 pF 

(VG=-15 V;Ta~=25 ° C 
Input leakage current - IGL 1 µA fall other terminals at 

VPO 

Output resistance 
Q1 to Q7 RQH - 1.4 - kS2 VQ=-1V 

RQL - 3.7 - kS2 VQ =-lOV 

Qg; Qq RQH - 0.5 - k52 VQ =-1V 

RQL - 1. 7 - kS2 VQ=-lOV 

Supply currents -IP1 

-IP2 

- 
- 

8.0 
4.0 

13.0 
6.0 

mA 
mA 

~f = 1 MHz;Ta~ = 25 oC 

Output transition times: 
fall time t'THL - 150 - ns 

rise time tTLH - 100 - ns 

Delay times: 
(any input to output) 

fall time tDHL - 250 500 ns 
see note 

rise time tDLH - 250 500 ns 

1) All typ, values measured at: Vpl  = -26 V; VP2 = -13 V; Tamb = 25 ° C. 

Note: Delays are measured at -6 V levels of input and output signals. 
(see also timing diagrams on page 6) 
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FDH126 FD family 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

G INPUT 

~ — 

-13 — 

0—

O OUTPUT 6 _ 

VPz 

t GLH 
y ~ —s 

LGH 

t OLH 
f- —r 

f—

t DHL 
~—

f ~ f 

t TLH tTHI ~z ss6i5 

non-inverting function 

0—

G INPUT 

-13 — 
tOHL t DLH 

—► F 

0 

O OUTPUT _6 _ 

—~P2 — 
f ~ ♦ — 

t THL LTLH 
~z s55i4 

inverting function 

Measurements performed under the following conditions: 

Vpl = -24 to -28 V; VP2 = -12 to -14 V; tGLH = tGHL = 150 ns. 

Note: The indicated points on the vertical axis are specified in the glossary of terms. 
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FD family FDH126 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1 Input signal rise time: tGLH 
The time between the 90 ~ and 10 ~ voltage points as the input pulse goes from 
LOW to HIGH. 

2. Input signal fall time: tGHL 
Tkte time between the 10 ~ and 90 ~ voltage points as the input pulse goes from 
HIGH to LOW. 

3, Rise delay time: tDLH 
The delay between the time the input arrives at its -6 V point and the time the 
output passes -6 V when going from LOW to HIGH. 

4. Fall delay time: tDHL 
The delay between the time the input arrives at its -6 V point and the time the 
output passes -6 V when going from HIGH to LOW. 

5. Output rise transition time: tTLH 
The time between the 90 ~ and 10 ~ voltage points as the output goes from LOW 
to HIGH. 

6. Output fall transition time: tTHL 
The time between the 10 %and 90 ~ voltage points as the output goes from HIGH 
to LOW. 
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FDH126 FD family 

OUTPUT BUFFER DESCRIPTION 

The FDH126 utilizes push-pull output buffers which exhibit the VQ versus IQ output 
curves, for both HIGH and LOW output, shown below. 

7Z 55634 
20 

Vp,=-26V 
VPz=-13V 

typical values 

a 8-a9 
output LOW 

n,-a, 

a,-a, 

output HIGH 

a 8-a 9 

-15 Va (V1 -10 -5 

TYPICAL PERFORMANCE at load: CL in parallel with 1 M52 to P~. 

300 

tpd 

(n5) 

250 

200 
0 

7Z 55631 

a, ag 

VP, =-26V 

VP2 =-13V 

Po =grounded 

Tamb = 25°C 
typ. values 

50 700 C~ (pF) 750 

Ia
(mA) 

10 

0 

-10 

0-20 
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FD family FDH126 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO = grounded; standard load: 50 pF in parallel with 1 M52 to P0. 

400 

t pd 

(ns) 

300 

200 

125 

Z 
(°%) 

100 

75 

50 

'!256630 

S=relative propagation delay 
100%=tpdat Tamb=25°C 

VP1=-26V 
VP2=-13V 

—50 0 

9255632 

Tamb=+85°C 

+25 

100 
2 4 -25 -26 

-27VP1 I V 
128 

-12 -12.5 -13 -13.5 -14 
vP2(V) 

Power dissipation as a function of 
the supply voltages Vpl and VP2 

50 100 ?°mbl°CI 150 

600 

Ptot 
ImWI 

400 

200 

9Z 556 3 

Tamb=-55°C 

+25 

/~ +8~`
~~~ 

0  
-24 -25 -26 -27 V 

(V 
-28 

P1 

-12 -12.5 -13 -13.5 -14 
VP21V1 

Propagation delay as a function of 
the supply voltages Vnl and VP2
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FD family F DH136 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

AND-OR GATING ARRAY 

m m m m m m m m m m m m m m m m m m m m 
P P~ Co C~ Gib Gas Gar, G73 Gza Gz3 Gzz Gzi Gro Gte Gze Gn G2~ 

FDH136 

Po ~i ~z Gze Gi G2 G3 Ga Gs Gs G~ Ge Gs Gio Gn Giz 
0©© ~© ~ ~ ~ O m m®® m® m m m m m' 

7255635 

Gze Gzs ~s 

44 43 

PO and metal lid on top of the package are connected. 

Gze 

QUICK REFERENCE DATA 

Supply voltage VP1 —24 to —28 V 

Operating ambient temperature Tamb —55 to +85 °C 

Average propagation delay 

CL=50pF;Ta~=25°C tpd typ. 180 ns 

D. C. noise margin MH, ML > 1.0 V 

Power consumption (f = 1 MHz) Ptot tYP• 230 mW 

PACKAGE OUTLINE 40 lead ceramic dual in-line (See General Section) 
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FDH136 FD family 
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FD family FDH136 

GENERAL DESCRIPTION 

The FDH136 contains general purpose, expandable OR/AND/NAND gates. 
Two control lines CO and C1 provide four different logic configurations, as shown in 
the function table. 
Complementary outputs are available. 
All inputs are protected against over-voltages caused by static charges. 

RATINGS Limitingvalues in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all inputs, outputs and supply 
terminals with reference to PO +0. 5 to -30 V 

Power dissipation up to Tam  = 25 °C ptot max. 1 W 

Junction temperature Tj max. 150 ° C 

Storage temperature Tstg -65 to +150 ° C 

Total current through terminal P2 -IP2 max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a - 125 °C/W 
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FDH136 FD family 
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FD family FDH136 
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FDH136 FD family 

CHARACTERISTICS 

Test conditions: Vp l  = -24 to -28 V; VP2 = -12 to -14 V; Tam _ -55 to+85 ° C; 
Pp =grounded; standard load : 50 pF in parallel with 1 M52 to P0. 

Symbol min. typ.i ) max. Conditions and 
references 

Input logic levels 
HIGH VGH, VCH -2 - +0. 3 V 
LOW VGL, VCL -28 - -9 V 

Output levels 
HIGH VQH -1.0 - 0 V 

LOW VQL -14 - -10 V 

( bias :VG = VC = 0 V; 
Input capacitance GG, CC

-IGL' 

- 3 5. 5 pF i f = 1 MHz 

r VG =VC =-15 V; 
Leakage current 

-ICL 
- - 1 mA S 'l amb = 25 ° C; all 

l other terminals at VP0

Output resistance 
HIGH RQH - 0.4 - kS2 VQ= -1 V 
LOW RQL - 1 - kS2 VQ=-lOV 

Supply currents -Ipl - 4. 5 7.5 mA 
f = 1 MHz;Ta~=25°C 

-IP2 - 8 13 mA 

Output transition times: 
fall time tTHL - 150 - ns 

rise time tTLH - 150 - ns 

Delay times: 
(any input to output) 

fall time tDHL - 180 400 ns 
rise time tDLH - 180 400 ns 

Control input sink 
current: G1;G2;G4;G5; 
G7;G8;G10;G12, G13; 

I I - 25 - A 
r 
j VG - VC = -2 V; 

G15;G17;G19;G21;G23; 
G C µ see note 

G26;CO;C1 

1) Typical values are measured at Vp l  = -26 V; Vp2 = -13 V; Tam = 25 °C. 

Note: Inputs mentioned are provided with apull-down resistor to terminal P2. 
These inputs, when not used, may be left floating; they will then be in the LOW 
state. 
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FD family FDH136 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

G INPUT -6 — 

-13 — 

O OUTPUT 6 _ 

G INPUT 

Vpp 

0-

-6 — 

-13 — 

~—

O OUTPUT _6 — 

—VP2 
_ 

t GLH LGH 

f 
t  DLH 

—► ~ ~ 
t DHL 
~—

F ~ 
t  TLH tTHL 7Z 55fi15 

non-inverting function 

—► 
t DHL 

~--

t THL 

t DLH 
s —

f ~ ~ 

t TLH 
~z sssiv 

inverting function 

Measurements performed under the following conditions: 

Vp l  = -24 to -28 V; Vp2 = -12 to -14 V; tGLH = tGHL = 150 ns. 

Note: The indicated points on the vertical axis are specified in the glossary of terms. 
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FDH136 fD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Input signal rise time: tGLH 
The time between the 90 ~ and 10 ~ voltage points as the input pulse goes from 
LOW to HIGH. 

2. Input signal fall time: tGHL 
The time between the 10 ~ and 90 ~ voltage points as the input pulse goes from 
HIGH to LOW. 

3. Rise delay rime: tDLH 
The delay between the time the input arrives at its -6 V point and the time the 
output passes -6 V when going from LOW to HIGH. 

4. Fall delay time: tDHL 
The delay between the time the input arrives at its -6 V point and the time the 
output passes -6 V when going from HIGH to LOW. 

5. Output rise transition time: tTLH 
The time between the 90 ~ and 10 ~ voltage points as the output goes from LOW 
to HIGH. 

6. Output fall transition time: tTHL 
The time between the 10 ~ and 90 ~ voltage points as the output goes from HIGII 
to LOW. 
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FD family FDH136 

OUTPUT BUFFER DESCRIPTION 

The FDH136 utilizes push-pull output buffers which exhibit the VQ versus IQ output 
curves, for both HIGH and LOW output, shown below. 

725564 
20 

typical values 

 output LOW 
VpZ=-13V 

output HIGH 
VPy =-13V 

-15 Va (Vl -10 -5 

TYPICAL PERFORMANCE at load CL in parallel with 1 MS2 to Pp. 

200 

Z 
(%) 

100 

0 

9255636 

t= elative propagation delay 
100%=tpeat C~=50pF 

VP~ =-26V 

VPz =-13 V 

PO=grounded 

Tamb = 25°C 

0 50 100 C~ (PF) 150 

Ta 

(mAl 

10 

0 

-10 

0 
20 
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FDH136 FD family 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO =grounded; standard load of 50 pF in parallel with 1 M52 to P0. 

300 

tpd 

(n51 

200 

100 

0 

125 

100 

75 

50 

7255637 

i=relative propagation delay 
100%=tpdat Tamb=25°C 

r 

VP~=-26V 
VP2=-13V 

i ~ 
50 

7255639 

0 

~~■1i.!\■ ~■■■ 

50 100 Tambl°CI 150 

600 

Pt o! 
(mWl 

400 

200 

0 

7255640 

 Tamb=-55°C 

+25 

 +85  

-24 -25 -26 -27 
V (V 

-28 
P1 

-24 

-12 -12.5 -13 -13.5 -14 -12 
VPZIvI 

Power dissipation as a function of 
the supply voltages Vpl  and VP2 

-25 -26 -27 
VP~ IV 

-28 

-12.5 -13 -13.5 -14 
VP21V1 

Propagation delay as a function of 
the supply voltages Vpl and VpZ
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FD family FDH146 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P-channel enhancement mode technology. 

VARIABLE GATE ARRAY 

m m m m m m m m m m m 
Pp Gtt Gty G2T GTt Gat Gat G42 Got Gst G6T G6T 

FDH146 

~  PO 41 Q2 n3 ~4 Q6 Q6 P1 C3 CT C1 G61 
10 11 12 

7255642 

PO and metal lid on bottom of the package are connected. 

QUICK REFERENCE DATA 

Supply voltage Vpl —24 to —28 V 

Operating ambient temperature Tam —55 to +85 ° C 

Average propagation delay 

CL = 50 pF; '1'amb = 25 °C tpd typ. 250 ns 

D. C. noise margin MH, ML > 1.0 V 
Average power consumption 

per function (f = 1 MHz) 
pav typ. 35 mW 

PACKAGE OUTLINE 24 lead ceramic dual in-line (See General Section) 
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FDH146 FD family 
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FD family FDH146 

GENERAL DESCRIPTION 

The FDH146 consists of six, identical, 2-input gate networks. Three coded control 
lines determine the function of the six gate networks, so that eight different functions 
can be selected; the selected function is available six times. 
The control inputs have pull-down resistors connected to P2, so that they assume 
the LOW state, when left floating. 
All inputs are protected against over-voltage caused by static charges. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all inputs, outputs and supply 
terminals with reference to PO

Power dissipation up to Tamb = 25 ° C 

function temperature 

Storage temperature 

Total current through terminal P2 

Output current per output 

THERMAL RESISTANCE 

From junction to ambient 

FUNCTION TABL)r 

Ptot 

Tj

Tstg 

-1P2 

+1Q 

Rth j-a 

+0. 5 to -30 V 

max. 1 W 

max. 150 °C 

-65 to +150 °C 

max. 40 mA 

max. 20 mA 

= 125 °C/W 

C3 C2 C1 logic equation (positive logic) 
logic function 

positive logic negative logic 

L L L Qn =1 - -

L L H Qn = Gnl • Gn2 NAND NOR 

L H L Qn = Gn l +Gn2 OR AND 

L H H Qn = Cnl • Gn2 + Gnl • Gn2 exclusive-OR comparator 

H L L Qn = Cnl •Gn2 + Gnl • Gn2 comparator exclusive-OR 

H L H Qn = Gn 1 +Gn2 NOR NAND 

H H L Qn = Gnl •Gn2 AND OR 

H H H Qn =O - - 

~~ 
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FDH146 FD family 

CHARACTERISTICS 

Test conditions: Vpl = -24 to -28 V; VP2 = -12 to -14 V; Tam _ -55 to +85 ° C; 
Pp =grounded; standard load : 50 pF in parallel with 1 M52 to P0. 

Symbol min. typ.l) max. 
Conditions and 
references 

Input logic levels 
HIGH VGH -2 0 +0.3 V 
LOW VGL -28 - -9 V 

Output levels 
HIGH VQH -1.0 - 0 V 
LOW VQL -14 - -10 V 

Input capacitance 
C1; C2
C3 

CCI, C f;2
CC3

- 
- 

5. 5 
9.5 

7 pF 
11 pF 

l bias: VG = OV } 
G to G 11 62 C to C G11 G62 - 3.5 5 F p JJJ f= 1MHz 

r VG=-15V;Ta~ _ 
Input leakage current -IGL, - - 1 µA j 25oC; all other 

`terminals at VP0

Output resistance 
HIGH RQH - 1.0 - k52 VQ = -1 V 
LOW RQL - 2.0 - kS2 VQ = -10 V 

Supply currents -Ipl - 4.6 7.0 mA f = 1 MHz 
-IP2 - 6.2 8. 5 mA Tam  = 25 °C 

Output transition times: 
fall time tTHL - 150 - ns 

rise time tTLH - 150 - ns 

Delay times 
(any input to output) 

fall time tDHL - 250 400 ns 
rise time tDLH - 250 400 ns 

Control input sink 
current: C1, C2 - IC1~ -IC2 - 32 - µA 

C3 -IC3 - 64 - µA 
_ 

VG - -2 V 

1) All typ. values are measured at: Tam = 25 oC and Vpl = -26 V, VP2 = -13 V. 
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FD family FDH146 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

G INPUT 

-13 — 

O OUTPUT 6 

G INPUT 

VPZ 

0-

-13 — 

GLH tGH 

l 
—► 

t DLH 
f—

_1 

.y 
t DHL 

f -

f ~ f 

t  TLH tTHL '1i 55615 

non-inverting function 

_i 
tOHL 

♦— —i 
t DLH 

~—

° _ —~~ -~ 
Q OUTPUT _6 — 

-~P2 — ~ ~ 
~ r ~ ~ 

t THL tTLH 
iz 55614 

inverting function 

Measurements performed under the following conditions: 

Vpl = -24 to -28 V; VP2 = -12 to -14 V; tGLH - tGHL = 150 ns. 

Note: The indicated points on the vertical axis are specified in the glossary of terms. 
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FDH146 FD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Input pulse rise time: tGLH 
The time between the 90 ~ and 10 ~ voltage points as the input pulse goes from 
LOW to HIGH. 

2. Input pulse fall time: tGHL 
The time between the 10 ~ and 90 ~ voltage points as the input pulse goes from 
HIGH to LOW. 

3. Rise delay time: tDLH 
The delay between the time the input arrives at its —6 V point and the time the 
output passes —6 V when going from LOW to HIGH. 

4. Fall delay time: tDHL 
The delay between the time the input arrives at its —6 V point and the time the 
output passes —6 V when going from HIGH to LOW. 

5. Output rise transition time: tTLH 
The time between the 90 ~ and 10 ~ voltage points as the output goes from LOW 
to HIGH. 

6. Output fall transition time: t~ L
The time between the 10 ~ and 90 ~ voltage points as the output goes from HIGH 
to LOW. 

6 January 1971 



FD family FDH146 

OUTPUT BUFFER DESCRIPTION 

The FDH146 utilizes push-pull output buffers which exhibit the VQ versus IQ output 

curves, for both HIGH and LOW output, shown below. 

9255648 10

typical values 

 output LOW 

VPz =-13V 

 output HIGH 

Vpy =-13V 

-15 Va (V) -10 -5 

TYPICAL PERFORMANCE at load : CL in parallel with 1 MS2 to P~ 

200 

Z 
1°k) 

100 

0 

9255645 

Z=relative propagation delay 
100%=tPdat C~=50pF 

VP~ =-26V 

VP2 =-13 V 

Po=grounded 
0 

Tamb = 25 C 

0 50 100 C~ IPF) 150 

Ia

ImAI 

5 

0 

5 

0 10 
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FDH146 FD family 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO =grounded; standard load: 50 pF in parallel with 1 M52 to P0. 

125 

S 
(%) 

100 

75 

50 

600 

7Z 55644 

Z=relative propagation delay 
100%=tpdat Tamb=25°C 

VPi=-26V 
VPy=-13V 

50 

7255fi 47 

0 50 100 T°mbl°C) 150 

7255646 

Pt of 

ImWI 

400 

200 

0 
-24 

-12 

400 

tpd 

(n51 

300 

200 

100 
2 

-12 

amb=85°C 

55 

Tamb=-55 
0 C ~5 

0 ~~ 
~~ .55 

X25 
55 
65 

\ 

-25 -26 -27 V 
IV 

-28 
P1 

4 -25 -26 -27VP' (V1-28 

-12.5 -13 -13.5 -14 
VPZ(V) 

-12.5 -13 -13.5 -14 
VPz(V) 

Power dissipation as a function of 
the supply voltages Vp l  and Vp2 

Propagation delay as a function of 
the supply voltages Vpl and VP2
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FD family FDH156 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

FIXED LOGIC ARRAY 

m m m m m m m m m m m 
P n, G Gp G3 G~ GS 

FDH156 

G6 Dp G~ Gs Gy 

~ Po Pi Da ~n ~3 eta its eta ate Gt2 Ott Ito 
L1 LI Ll L4J LI LI LI Ll U to ~„ tz 

'1255649 

PO and metal lid on bottom of the package connected 

QUICK REFERENCE DATA 

Supply voltage VP1 —24 to —28 V 

Operating ambient temperature Tamb —55 to +85 ° C 

Average propagation delay 
CL =50pF tpd Typ. 150 ns 

D.C. noise margin MH' ML > 1.0 V 

Power dissipation 
f=1MHz;CL=50pF Ptot typ. 160 mW 

PACKAGE OUTLINE 24 lead ceramic dual in-line (See General Section) 
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FD family FDH156 

t 

GENERAL DESCRIPTION 

The FDH156 contains all the logic functions shown in the diagram and described in 
the logic functionsbelow. It is intendedto perform logic functions in all MOS digital 
systems. The output voltage swing is determined by the output buffer supply voltage 
~VP2~. 
All inputs are protected against over-voltage caused by static charges. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all inputs, outputs and supply 
terminals with reference to PO +0. 5 to -30 V 

Power dissipation up to Tam = 2S °C Ptot max. 1 W 

Junction temperature Tj max. 150 °C 

Storage temperature Tstg -65 to +150 ° C 

Total current through terminal P2 -IP2 max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient 

LOGIC FUNCTIONS 

Positive logic 

Q1 = G1 • G2 ' G3 ' G4 ' G5 ' G6 

Q2 = G7 • (Gg + G9) (G 10 + G11) ' (G12 + G13) 

Q3 = G14 ' G15 ~ G16 

Q4 = G17 

Negative logic 

Q1 =G1+G2 +G3+G4 +G5 +G6

Q2 = G7 +(G8 • G9)+(G10 • G11)+(G12 G13) 

Q3 = G14+G15 + G16 

Q4 = G17 

Rth j-a - 125 °C/W 
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FDH156 FD family 

CHARACTERISTICS 

Test conditions: Vpl = —24 to —28 V; VP2 = —12 to —14 V (see note 1); Tam _ 
—55 to +85 °C; PO =grounded; standard load : 50 pF in parallel 
with 1 MS2 to P0. 

Symbol min. typ.l) max. Conditions and 
references 

Input logic levels 
HIGH VGH —2 0 +0.3 V 

LOW VGL —28 — —9 V 

Output levels 
HIGH VQH —1. 0 — r <, 

LOW VQL —14 — —10 V 

Input capacitance CG — 5 7 pF bias:VG=O;f = 1 MHz 

VG=-15V;Ta~=25° C 

Input leakage current —IGL — — 1 µA j all other terminals at 

l VPO 

Output resistance 

HIGH RQH — 1 — k2 VQ = —1 V 

LOW RQL — 2 — kS2 VQ = —10 V 

Supply currents —Ipl — 4. 6 6. 5 mA 1 f = 1 MHz; Tam =25° C 
—IP2 — 2. 3 3.0 mA `see note 2 

Output transition times: 
fall time tTHL — 150 — ns 

rise time t'I'LH — 150 — ns 

Delay times 
(fall and rise times) 

G ~ Q 1 tDHL ~ tDLH — 175 300 ns l 
Gi Q2' 43 tDHL~tDLH — 150 250 ns }see note 3 

G ~ Q4 tDHL~ tDLH — 125 250 ns JJJ

Note 1: VP2 is independent of circuit operation and is uses: for output LOW only. 
Note 2: Output buffer supply current is almost entirely dependent on the external 

load. 
The value shown is for a load: 50 pF in parallel with 1 MS2 to P0. 

Note 3: Delays are measured at —6 V levels of input and output signals. 
(see also timing diagram on page 5) 

1) All typ. values are measured at: Tam = 25 oC Vp 1 = —26 V; VP2 = —13 V. 

4 January 1971 



FD family FDH156 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

G INPUT 

`GLH 
~ s-

1 
-13 — --

O OUTPUT 6 _ 

G INPUT 

-~P2 — 

0—

-6 — 

_~ 3

0 

O OUTPUT _6

-~P2 — 

1 

tGH 
y 

t  DLH 

y 

t DHL 
—► 

~- ~ 

t  TLH tTHL 9255615 

non-inverting function 

t DHL t DLH 
~-

~ f ~ ~ 

t THL tTLH 
9255614 

inverting function 

Measurements performed under the following conditions: 

Vpl = -24 to -28 V; VP2 = -12 to -14 V; tGLH = tGHL = 150 ns. 

Note: The indicated points on the vertical axis are specified in the glossary of terms. 
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FDH156 FD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Input signal rise time: tGLH 
The time between the 90 ~ and 10 ~ voltage points as the input pulse goes from 
LOW to HIGH. 

2. Input signal fall time: tGHL 
The time between the 10 ~ and 90 ~ voltage points as the input pulse goes from 
HIGH to LOW. 

3. Rise delay time: tDLH 
The delay between the time the input arrives at -6 V point and the time the output 

passes -6 V when going from LOW to HIGH. 

4. Fall delay time: tDHL 
The delay between the time the input arrives at -6 V point and the time the output 
passes -6 V when going from HIGH to LOW. 

5. Output rise transition time: tTLH 
The time between the 90 ~ and 10 ~ voltage points as the output goes from LOW 
to HIGH. 

6. Output fall transition time: tTHL 
The time between the 10 ~ and 90 ~ voltage points as the output goes from HIGH 

to LOW. 

6 January 1971 



FD family FDH156 

OUTPUT BUFFER DESCRIPTION 

The FDH156 utilizes push-pull output buffers which exhibit the VQ versus IQ output 
curves, for both HIGH and LOW output, shown below. 

7255655  
10 

Ia
(mAl 

5 

typical values 

output LOW 
VPz =-13V 

output LOW 
VPz =- 5V 

output HIGH 

VPz =-13V 

-15 Va (VI -10 -5 

TYPICAL PERFORMANCE at load : CL in parallel with 1 M2 to Pp. 

7Z 55652 

t=relative propagation delay 
100%=tpdat C~=50pF 

  VP~ =-26V 

  VPz =-13 V 

  Pp=grounded 
0 

  Tamb=25 C 

0  0 
1 

50 100 C~ (PP) 150 

0 

5 

0 10 
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FDH156 FD family 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO = grounded; standard load: 50 pF in parallel with 1 MS2 to Pp. 
125 

7255651 

T 
(%) 

100 

75 

50 _ 50 0 50 100 T°mb(°C) 150 

Rated propagation delay as a function of ambient temperature. 
300 7255654 30 0 7255653

Z=relative propagation delay 
100%=tpdat Tamb=25°C 

Vpt =-26V 
Vpy=-13V 

Ptoi 

(mWl 

200 

100 

0 Tamb=-55 C 

+25 

 +85 

~24 -25 -26 -27 
Vpt (VI 

28 

-12 -12.5 -13 -13.5 -14 
Vp?(V) 

Power dissipation as a function of 
the supply voltages Vpl and VP2

Note: output buffer power dissipation 
not included, since it is entirely 
dependent of loading conditions 

t pd 
(ns) 

200 

100 

T°m =85°C 

55 

25 

 0 

-55 

~~

~24 -25 -26 -27Vpt 
(VI 

28 

-12 -12.5 -13 -13.5 -14 
VPz(V) 

Propagation delay of QZ (slowest 
output) as a function of the supply 
voltages Vpl and VpZ. 
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FD family FDJ106 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

REGISTER ARRAY 

m m m m m m m m m m m m m m m m m m m m 
P2 

• 

0731 0732 0733 0734 QS 4 3 ~4 Q2 G41 ~' ~n 

FDJ106 

~1 G16 ~1s X14 G13 G72 G1 C11 

PO Pt C31 C32 C33 G7 ~51~ C51 C62 C43 C42 C41 C1 C21 C22 C23 G21 C14 C13 C72 
1 2 3 4 5 l-1 

~G~52~ 

L'J u  U  10 11 12 13 14 15 16 17 18 19 20 

'1255656 

PO and metal lid on top of the package are connected. 

QUICK REFERENCE DATA 

Supply voltage Vpl — 24 to — 28 V 

Operating ambient temperature Tamb —55 to +85 ° C 

Cycle time typ. 400 ns 

Propagation delay time at CL, = 50 pF tpd typ. 150 ns 

D.C. noise margin MH, ML > 1.0 V 

Power dissipation 
f~= 1 MHz; C1, = 50 pF Ptot. typ. 180 mW 

PACKAGE OUTLINE : 40 lead ceramic dual in-line (See General Section) 
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FD1106 ~D family 

21 Cn 

13 I30 I2 I40 

q 6  Pi Pz 

2G C12 

19 X13 

18 1a 

22 G11 
23 Gil 

24 G13 
25 G14 

26 X15 

27 G16 

29 Gn 

14 Cz, 

' -1 

gate 
matrix 

1 

1 ~ 

15 Cz2 
i6 23 

17 G2 

3 X31 

gate 
matrix 

2 

•---

Q1 28 

FF 
1 

~ ~ 

r 
~~ 

~2 32 

FF 
2 

 r 

4 X32 

5 ~ 33 
39 G31 

38 G32 

37 G33 

36 G3 

12 

11 

10 

Cat 

4 

C41 

gate 
matrix 

3 

34 

FF 
3 

1 1 

31 Gc1 

8 C5 

gate 
matrix 
4 

F~ 

33 

FF 
4 

1 ~ 
9 C52 

6 G51 

7 G52 

gate 
matrix 
5 

~—

n 

~5 35 

FF 
5 

'125565'1 

2 11 January 1971 



FD family FD110~6 

GENERAL DESCRIPTION 

The FDJ106 is an array of 5 flip-flops, designed to act as a synchronous bit slice of 
a CPU. 
Each of the 5 D -type flip-flops has at least one external input and output, as well as 
individually controlled transfer and input SELECT logic. 
The input gating matrix can therefore enable transfers from external inputs or from 
other registers in the same array. 

The register array contains one bit of each of the five main registers in most com-
puters: 

FF1 -accumulator 
FF2 -memory data register 
FF3 -multiplier/quotient register 
FF4 -program counter 
FF5 -instruction register 

All inputs are protected against over -voltage caused by static charge. 

RATINGS Limitingvalues in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all inputs , outputs and supply 

terminals with reference to PO +0.5 to — 30 V 

Power dissipation up ro Tamb = 25 ° C Ptot. max. 1 W 

Junction temperature Tj max. 150 oC 

Storage temperature Tstg —65 to +150 °C 

Total current through terminal P2 - IP2 max. 40 mA 

Current per output ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 125 oC/W 
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FD1106 FD family 

LOGIC FUNCTION 

REGISTER INPUT SELECTION TABLE 

The FDJ106 outputs will conform to the following input transfer function table. With 
the given set of control inputs, including C1, which is common to all gate matrices, 
each fl ip-flop will have at its D-input the signal shown in the table below. 
With the control inputs established, the output of each register will assumethe state 
of its input after the positive going edge of ~. 

control input 
(for any gate 
matrix) 

Flip-flop inputs 

C1 : HIGH C1 : LOW 

Cn4 Cn3 Cn2 Cnl FF1 FF2 FF3 FF4 FF5 FF1 FF2 FF3 FF4 FF5 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

H 

G1~ 

G16 

G15 

G14 

G13

G12 

G11 

H 

H 

Q5 

Q4 

Q2 

Q2 

Q3 

Q1

H 

H 

Q5 

Q21 

Q4 

Q1

Q3 

Q2 

G34 

G33 

G32 

G31 

H

Q2 

Q1 

Q3 

H

H 

G41 

H 

Q1 G52 

Q2 G51 

Q5 Q2 

Q4 Q5 

G41 

G1~ 

G16 

G15 

G14 

Gl3 

G12 

G11 

Q1 

Q1

Q1 

Q1 

Q1 

Q1 

Qi 

Q1 

Q2 

H 

G21 

Q2 

Q2 

Q2 

Q2 

Q2 

G34 

Gag 

G32 

G31 

Q3 

Q3 

Q3 

Q3 

Q4 

H 

L 

Q4 

Q4 G52 

Q4 G51 

Q4 Q5 

Q4 Q5 

H =HIGH state (the more positive voltage) 
L =LOW state (the less positive voltage) 
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FD family FD1106 

CHARACTERISTICS 

Test conditions: Vpl  = —24 to —28 V; VP2 = —12 to —14 V; Tamb = —55 to +85 oC; 
PO =grounded; standard load : 50 pF in parallel with 1 MS2 to P0. 

DRIVE REQUIREMENTS Symbol min. typ.l) max. 
Conditions and 
references 

Data and control input 
logic levels (except C l ) 

HIGH VGH, VCH —2 — +0. 3 V 
LOW VGL,VCL —28 — —9 V 

Cl input levels 
HIGH VC1H —2 — 0.3 V 
LOW VC1L —28 — —24 V 

Clock pulse width t 
~ 

0.25 — 1. 0 µs 
see timing diagram 

Clock pulse transition l 
times 1 

t~ H, 
t~L _ _ 0. 1 s µ 

on page 7 

Clock pulse voltage 
levels: HIGH V~ —2 — +0. 3 V 

LOW V~ —28 —26 —24 V 

1) All typical values are measured at: Vp I = —26 V ; Vp2 = —13 V; Tam  = 25 oC. 
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FD1106 FD family 

CHARACTERISTICS (continued) 

Test conditions: Vpl = -24 to -28 V; VP2 = -12 to -14 V; Tam _ -55 to +35 ° C; 
PO =grounded; standard load : 50 pF in parallel with 1 MS2 to P0. 

Symbol min. typ.l) max. 
Conditions and 
references 

Output logic levels 
HIGH VQH —1.0 — 0 V 
LOW VQL -14 - -10 V 

Input capacitance 
data and control 
(except Cl) CG, CC - 4 7.5 pF (bias:VG = VC = 0 V 

if = 1 MHz 
C1 CCl - 7 10 pF bias:VC1 =0 V;f=1MHz 
clock input C~ - 20 25 pF bias:V¢ = 0 V; f =1 MHz 

Input leakage current 
data and control bias:VG=VC =-15 V; 
(except C1) -IGL,,-ICL - - 1 µA Tamb= 25 ° C; all 

other terminals at VP0
bias:VCl = -28 V; 

Cl -IC1L - - 100 µA Tam = 25 °C; all 
other terminals at VP0
bias:V~= -28 V; 

clock input -ILL - - 100 µA Tamb = 25 ° C; all 
other terminals at Vp~~ 

Output resistance 
HIGH RQ11 - 1.0 - k2 VQ = -1 V 
LOW RQL - 1.0 - kS2 VQ = -10 V 

Supply currents -Ipl - 6.0 10.0 mA f =1 MHz; Tam = 25 ° C 
-IP2 - 1.6 2.5 mA f=1MHz; Tam=25°C 

Output transition 
times: fall time tTHL - 150 - ns 

rise time tTLH — 150 — ns 

Delay times: 
fall time tDHL — 150 300 ns 

rise time tDLH — 150 300 ns 

1) All typical values are measured at: Vpl = -26V; Vp2 = -13 V; Tam = 25 °C. 
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FD family FDJ106 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

e 

a 
y ,tO HL~ t eL _ y tALH~

-24 _ 

a 
DATA AND 
CONTROL 
INPUTS 

(except C.) 
-13 — 

DATA 
OUTPUT 

0 — 

~P3 

fljfltlflllffltffltlllfflfftfltttjl 
t H 

i tTLH 

\ / 
~lfllltfflff~lsfstlstfllffflll~~lflflt. 

toHL 

tTHL 

Note:
The indicatedpoints on the vertical axis are specified in the glossary of terms. 

Timing diagram notes: 
1. Data and control inputs must remain valid for the shaded interval to ensure proper 

entry. 

2. C 1 may be switched in the same manner as all other inputs, providing it completes 
its switching transition before input Gql becomes LOW, for anygiven clockpulse. 
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FD1106 FD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L
The time for which the clock pulse is LOW; V~ < -24 V. 

2. Clock pulse rise time: t~[,H 
The time between the -24 V and -2 V voltage points as the clock pulse goes from 
LOW to HIGH. 

3. Clock pulse fall time: t~HL 
The time between the -2 V and -24 V voltage points as the clock pulse goes from 
HIGH to LOW. 

4. Output rise transition time: tTLH 
The time between the 90 ~ and 10 ~ voltage points as the output goes from LOW 
to HIGH. 

5. Output fall transition time: tTHL 
The time between the 10 ~ and 90 ~ voltage points as the output goes from HIGH 
to LOW. 

6. Fall delay time: tDHL 
The delay between the time the positive going edge of the clock pulse arrives at 

-2 V and the output -6 V voltage point as the output goes from HIGH to LOW. 

7. Rise delay time: tDLH 
The delay between the time the positive going edge of the clock pulse arrives at 
-2 V and the output -6 V voltage point as the output goes from LOW to HIGH. 
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FD family FDJ106 

OUTPUT BUFFER DESCRIPTION 

The FDJ106 utilizes push-pull output buffers which exhibit the VQ versus IQ output 

curves, for both HIGH and LOW output, shown below. 

925566 
20 

typical values 

output LOW 

VPz=-13V 

output HIGH 
 VPq=-13V  

-15 Va (VI 

TYPICAL PERFORMANCE 

200 

t ~L min 

(ns) 

150 

100 

50 

-10 -5 

9255662 

Vpi =-26V 

VPZ=-13V 

Pp=grounded 

-50 0 50 100 T°mbl°CI 150 

Ia
(mAl 

10 

0 

10 

20 
0 

January 1971 9 



FDJ106 FD family 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO = grounded; standard load : 50 pF in parallel with 1 MS2 to P0. 

300 

200 

tpa 
Insl 

150 

100 

50 

7Z SS65B 

Vp =-26V 
VPy=-13V 

Pp =grounded 

-50 0 

'1255660 

50 100 T°mb(°C) 150 

300 7255661 

tpC 

(nsl 

200 

100 

~24 

-12 

t QL min 

(n5) 

200 

100 

~24 

-12 

mb=85°C Ta 

T°mb=85°C 

55 

55 

25 

0 

55 

25 

55 

-25 -26 -27 -28 
VP (VI 

-25 -26 -27 -28 
VP IVI 

-12.5 -13 -13.5 -14 
VP2(V) 

-12.5 -13 -13.5 -14 
VpZ(V) 

Propagation delay as a function of 
the supply voltages Vpl and VP2

Minimum clock pulse width as a func-
tion of the supply voltages Vpl and VP2 
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FD family FDJ106 

TYPICAL PERFORMANCE (continued) 

Test conditions: PO = grounded; standard load: 50 pF in parallel with 1 MS2 to P0. 

400 

Pt of 

ImWI 

300 

200 

700 

T°mb°-55°C 

/~

55 

85 

-24 -25 -26 -27 
V IV 

-28 
P1 

-12 -12.5 -13 -13.5 -14 
VPZIVI 

Power dissipation as a function of the supply voltages Vpl and VpZ
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FD family FDN106 
FDN116 

2 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P -channel enhancement mode technology. 

QUADRUPLE 32-BIT DYNAMIC SHIFT REGISTERS 

FDN106 FDN116 

I~ 14 

t 

~z 

3 I2

32 bits 

4 I3

32 bits 

5 I4

32 bits 

32 bits 

P1 Pp 

P2

Qt 3 2 

81

14 

I 1

K Q Z 12 3 

62 

D3 11 4

B3 

Q4 10 5 

84 

P 

I6 11 9 
7255311 

I2

I3

I4

32 bits 

32 bits 

32 bits 

32 bits 

P2

Q1 13 

B1

Q2 12 

B2 

~ 83

Qq 10 

8 4 

P1 Po 

I6 It 
PO and metal package bottom are connected. 

Q3 11 

P3

9 
7255313 

14 13 12 11 10 9 8 

P2 Q1 ~2 Q3 Q4 P3 P1 

FDN106 

Pp I 1 12 13 I[, ~1 ?!2 

uuuuuuu 
7255310 

® ® ® m m 

P2 Q1 QZ Q3 

FDN116 

Q 4 P3 P1

Po I1 I2 I3 I4 n.c. ?1 

uuuuuuu 
7Z 55312 

QUICK REFERENCE DATA 

Supply voltage Vpl -24 to -28 V 

D.C. noise margin ML ; MH > 1 V 

Clock rate: FDN106 f~ 0.01 to 3 MHz 

FDN116 f~ 0.01 to 1 MHz 

Power consumption per bit at 1 MHz:FDN106 Pav typ. 0.6 mW 

FDN116 Pav typ. 1.0 mW 

Power dissipation ptot max. 300 mW 

Operating ambient temperature Tamb -55 to +85 °C 

PACKAGE OUTLINE: 14 lead metal-ceramic dual in-line (See General Section) 
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FDN106 
FDN116 

FDfamily 

GENERAL DESCRIP'T'ION 

The FDN106 and FDN116 packages comprise 4 separate 32 -bit shift registers that 
can be used independently or can be externally connected to make registers up to 
128-bits long. Clock and power lines are common to all four registers. The output 
buffers are bi-directional, low impedance NRZ 1), that by suitable biasing will di-
rectly drive MOS, DTL or TTL loads or, because theyhave separate supply voltages 
(V p2; Vp3), a combination of MOS and bipolar. Vp2 and Vp3 are output buffer vott-
agesonly, andtheoutput LOW signal is independent of the width and amplitude of the 
clock pulse. 
The FDN106 uses atwo-phase external clock, has low power dissipation and will 
operate at high speed. 
The FDN116 uses a single phase external clock, and is for applications not calling 
for the low power economy and high speed of the FDN106. 
With the FDN106; FDN116; the FDN126; FDN136 (variable length 1 to 64 -bit dynamic 
shift registers) and the FDN146; FDN156 (256-bit dynamic shift registers) shiftreg-
isters of any length can be built from off-the shelf parts. 

--► RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals with reference to PO +0. 5 to —30 V 

Power disspation up to Tam = 25 ° C Ptot max. 800 mW 

Junction temperature Tj max. 150 °C 

Storage temperature Tstg —65 to +150 ° C 

Total current through terminals P2 and P3 —IP2, —IP3 max. 40 mA 

Output current (per output) 
±IQ 

max. 20 mA 

TTIERMAL RESISTANCE ~ 

From junction to ambient Rth j_a = 156 ° C/W 

1 ) Non return to zero. 
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FD family FDN106 
FDN116 

CHARACTERISTICS at Tam _ -55 to +85 °C 

Symbol 
Type 

number
min. typ. max. 

Conditions 
and references 

Clock rate f~ FDN106 0.01 - 3 MHz 
f~ FDN116 0.01 - 1 MHz 

Clock pulse width t¢1L FDN106 0.125 - 25µs see timing 
t~2L FDN106 0.125 - 25µs diagram for 
t~L FDN116 0.50 - 50 µs parameter def. 

Clock pulse fall time t~HL - - 0.10 µs see note 1, 2 

Clock pulse rise time tgsLH - - 0.10 µs see note 2 

Clock delay time t~1~2 FDN106 0 - 25 µs 

Clock delay time t~2~1 FDN106 0 - 25µs 

Clock pulse space t~,H FDN116 0.50 - 50 µs 

Clock pulse voltage level 
HIGH V~H -2 0+0.3 V 
LOW V~,L FDN106 -28 -26 -24 V 

V~ L FDN116 -28 -12 -9 V 

Data input logic levels 
HIGH V1H -1. 5 0+0.3 V 
LOW VIL -28 -12 -9 V 

Data lead time tpI FDN106 10 - - ns 
tp l FDN116 20 - - ns 

Data hold time thl FDN116 75 - - ns 

Note 1 

The fall time specified for the FDN116 is to ensure that output data will meet the 
input hold time requirements of other shift registers, when more shift registers 
operate in series from a common clock. If a register does not drive other registers 
the clock pulse fall time may be longer. 

Note 2 

For FDN106 above f~= 1.54 MHz ~1Lmin and t~2Lmindeterminethemaximumval-

ue of t~Hi, and t~LH. 

f--

r—

f—
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FDN106 
FDN116 

FD family 

C 

cx.~xnersxfsrics 
Test conditions: Vpl = -24 V to -28 V; Vp2 = -12 V to -14 V; Tamb = -55 to +85 oC; PO =grounded; 

standard load of 20 kS2 in parallel with 50 pF to PO 

Symbol 
Type

number 
min. typ. max. 

Conditions 
and references 

ELECTRICAL DATA 

Output levels 

HIGH VQH -0.5 - 0 V 
LOW 

Data input capacitance 

VQI, 

CI

-14 - -10 V 

- 2 3. 5 pF bias: VI = 0 V; f = 1 MHz 

Clock input capacitance CSI C~2 FDNi06 - 38 50 pF 
C~, 
CSI , C~2

FDN116 
FDN106 

- 6 8 pF 
- 28 37 pF 

}bias: V~ = 0 V; f = 1 MHz 

l bias: V~ _ -26 V; f = 1 MHz 

Leakage currents: VI = -15 V; all other 
Data input currents -III, - - 1µA terminals at VpO; 

Tab  = 25 oC 

V~ _ -28 V; all other 
Clock input current -ICI, - - 100 µA terminals at VpO; 

Tamb = 25 oC 

Output resistance 

HIGH RQH - 220 500 S2 
LOW RQL - 220 500 S2 Vp2 =Vp3 = -5 V 

Drive capability JRI, = 4 IQZ 
(see note 1) V QI' 

_ -10 -8 V 
reference to PO 

Vp2 =Vp3 = -5 V; 
VQL - -4.7 -4.4 V RI, = 4 kS2 

reference to PO 

Power supply current Vp2 =Vp3 = -13 V; 
drain (see note 2) Vp2,-Ip3 - 3.0 3.5 mA f~ = 1 MHz; 

Ta b = 25 °C 

-I FDN106 - 2.0 4.0 mA ~ 1 = -26 V; 

-Ip I
1

FDN116 - 5.0 7.0 mA 
f = 1 MHz; 

°C 
Output transition times: 

Ta b = 25 

fall time iTHL - 100 - ns 
rise time tTLH - 100 - ns 

Delay times: tDHL FDN106 70 - ns 
fall time ~ 

iDHL FDN116 
_ 

300 - ns 

rise time { tDLH 
tnLH 

FDN106 
FDN116 

- 70 - ns 
- 300 - ns 

D.C. noise margin ML,MH 1 - - V 
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FD family FDN106 
FDN116 

CHARACTERISTICS (continued) 

Note 1  (see page 4) 

The maximum capacitive load that can be driven depends only on the speed desired 
and the power dissipation allowable. See the output buffer description on page 8 for 
further information on output drive capability. 

Note 2  (see page 4) 

The output buffer power supply currents (Ip2 , Ip3) are almost entirely dependent on 
the external load. 
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FDN106 
FDN116 

FDfamily 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

FDN106 

e, 

eZ

DATA 
INPUT 

-10 

0 

DATA 
OUTPUT 

FDN116 

D 

-10 

DATA 
INPUT 

-10 

32 bit delay 

BM 
rtEL ~ 

0 ~ — — 32 bit delay 

DATA 
OUTPUT 

tdLH 

/(t(~(I( 

t 

///~ 

ttDHLi 

t DLH 

iHL ~ 

t LgH y 

y LTLH 

~LDLH+ 

THL ~' tTLH 

Notes 

1. The indicated points on the vertical axes are specified in the glossary of terms. 

2. Input data must remain valid during the shaded interval to ensure proper entry 

into the register. 
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FD family FDN106 
FDN116 

t 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L, 
The time for which the clock pulse is LOW: FDN106; V~L, < -24 V 

FDN116; V~,L, < -9 V 
2. Clock pulse fall time: t~HL 

The time between the 10°~o and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t~LH 
The time between the 90% and 10~ voltage points as the clock pulse gce s from 
LOW to HIGH. 

4. Clock delay time: tyll¢2' t{62¢1 (FDN106) 
The least allowable time between the ehd of the ~1 (or ¢2) clock pulse and the 
start of the $2 (or ~1) clock pulse, defined at -2 V'. 

5. Clock pulse space: t~H (FDN116) 
The minimum time between the end of a clock pulse (~) and the start of the 
next, defined at -2 V. 

6. Data lead time: tpl 
FDN106: The time before the 90% point 

at the data input must be at its 
that the data will be entered in 

FDN116: The time before the 10~ point 
at the data input must be at its 
that the data will be entered in 

7. Data hold time: t~ (FDN116) 
The time after the clock pulse ~ reaches LOW for which the input data must re-
main stable to guarantee that it will be entered into the register. 

8. Output fall transition time: tTHL 
The time between the 10~ and 90~ voltage points as the output goes from HIGH 
to LOW. 

9. Output rise transition time: tTLH 
The time between the 90~ and 10~ voltage points as the output goes from LOW 
to HIGH. 

10. Fall delay time: tDHL 
FDN106: The delay between the clock pulse ~2 reaching LOW and the outputbe-

ginning to change-from HIGH to LOW. 
FDN116: The delay between the clock pulse ~ reaching LOW and the output be-

ginning to change from HIGH to LOW . 
11. Rise delay time: tDLH 

FDN106: The delay between the clock pulse ~ reaching LOW and the output be-
ginning to change from LOW to HIGH. 

FDN116: The delay between the clock puise~reaching LOW and the output be-
ginning to change from LOW to HIGH. 

on the clock pulse ~ 1 for which the voltage 
specified logic level in order to ensure 
the register. 
on the clock pulse for which the voltage 
specified logic level in order to ensure 
the register. 

September 1970 



FDN106 
FDN116 

FD family 

OUTPUT BUFFER DESCRIP'T'ION 

—a 1. The curves below are typical output buffer voltage-current characteristicsfor 

the FDN106 and FDN116. They show VQ versus I~ for the bias Vp2 and Vp3 at 
—5 V and —12 V, for both HIGH and LOW output. 

Note: When operating with high output current levels, the maximum power rating 
must not be exceeded. 

The circuit shown may 
be used to obtain output 
curves for other values 

of Vp2 and Vp3. 

7255713 20

VP2:VP3 =-12V 
output LOW 

Vp2 : Vp3 ' - SV 
output LOWX

VpZ : VP3=- SV Of -12V 
output HIGH] 

typical values 

-15 Vo (VI 

—► 2. The bias arrangement 
shown is suitable for 
driving TTL or DTL 
loads direct. 

-10 -5 

-26V -5V -24V t

I

o -28V 

Pq,P3 1

shift register 

OV 

0 

10 

20 
0 

OV 
R=27kIl 

I P5 

-5V 7155337.1 

8 September 1970 



FD family FDN106 
FDN116 

TYPICAL PERFORMANCE 

2OO 

Ptot 

(mW) 

100 

7Z1069B 

FDN106 

Vp~ =-26V 
no Load 

Tamb =-55°C 

+25°C 
t85°C 

0 
10 

200 

Ptot 
(mW) 

100 

0 

lO Z z s 103 z f~ (kHz 104

7210fi99.1 

  Vp~ =-26V  
no load 

Tamb =-55°~

t 25°C 

+85°C 

10 10z 103 z 

FDN116 

f~(kHz) 104
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FDN106 
FDN116 

FD family 

TYPICAL PERFORMANCE (continued) 

150 
7no7o4.+

Ptot 

(m W) 

100 

50 

0 
— 24 —26 V~ ; Vp~ (V) —28 

FDN106 

f~ _1 MHz 
no load 

 ~55oG 

~pmb 

 ~'25~

400 

Ra

tn) 

300 

200 

100 

7255706 

output resistance 
versus ambient temp. 

100 0 

200 

Ptot 

(mW) 

150 

too 

50 

7210703.1 

f~_ MHz 
no load 

FDN116 

ayoG 
X  

-24 

104

fs. 

(H z) 

103

10z

10 

1 
100 200 -100 

Tamb (° C ) 

— 26 Vpi (V) —28 

7255683 

minimum operating frequency 
versus temperature 

0 100 T (°C) 200 
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FD family FDN126 
FDN136 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

VARIABLE LENGTH 1 TO 64-BIT DYNAMIC SHIFT REGI5TERS 

6 

9 

P~ 

I 

6 I 

32 bit 
delay 

~~ 

r 
 le

s'i ~z 

16 bit ~~ 
delay 

8 bit 
delay 8 bit delay 

I decode 
tt4ttttt 

14 

Py 

a 2 

Pp A5 AS A4 A3 Ap A~ 

j11 I1 5 4 3 13 ]Z55315.1 12 

10 14 

Pi S' P2

32 bit 
delay 

Po 

16 bit 
delay 

5 

Pp A3 Ay A~ n.c. P3 .gp 

FON126 

Pp Q A q A5 A5 I Id'i 

]255314 

r18 bit 
delay 8 bit delay 

AS IAA tA31AptA,

4 3 13 12 11 

PO and metal package bottom are connected. 

Q 2 

]Z 5531].1 

]Z 55316 

QUICK REFERENCE DATA 

Supply voltage Vpl -24 to -28 V 

D.C. noise margin NIL; Mll > 1 V 

Clock rate: FDN12b f~ 0.01 to 3 MHz 
FDN13b f~ 0.01 to 1 MHz 

Operating ambient temperature Tamb -55 to +85 °C 

PACKAGE OUTLINE : 14 lead metal-ceramic dual in-line (See General Section) 
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FDN126 
FDN136 

FD #amity 

GENERAL DESCRIPTION 

The FDN126 and FDN136 are unique in that the bit length of both registers can be 
set from 1 to 64 bits by appropriate choice of the logic state of 6 control inputs. The 
same input and output leads are used, the control inputs determine the number of 
register stages connected between them. 
The FDN126 is essentially for high speed operation and needs a 2 phase external 
clock. 
The FDN136 needs only a low level single phase external clock; it is suitable for 
applications that do not demand speeds in excess of 1 MHz. 
Both circuits usea bi-directional low impedance output buffer which, when appropri-

ately biased, is capable of driving MOS or DTL and TTL loads direct. 

With the FDN126; FDN136, the FDN106; FDN116 (quadruple 32-bit dynamic shift 

registers) and FDN146; FDN156 (256 bit dynamic shift registers) shift registers of 

any length can be built from off -the-shelf parts. 

REGISTER LENGTH CONTROL 

The length of the register is controlled by applying binary signals to lines Al to A6. 

The actual length is one more than the binary sum (see table). The length control 

bits are gated in at ~1. The lengtn of the register is set up approximately 2 Ns +2 

clock cycles after al,plication of the control signals.(one clock cycle is one ~1 pulse 

+ one ~2 pulse for the FDN126 and one ¢pulse for the FDN136) 

Table (examples) 

weight: 32 16 8 4 2 1 

A6 A5 A4 A3 A2 Al 
register 
length 

H 
H 
H 
L 
L 

H 
H 
H 
H 
L 

H 
H 
H 
H 
L 

H 
H 
L 

H 
L 

H 
H 
H 
H 
L 

H 
L 
L 
H 
L 

1-bit 
2 -bits 
6-bits 

33-bits 
64-bits 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages on all data inputs, clock inputs, outputs, 
control inputs and supply terminals with reference to PO +0.5 to —30 V 

Power dissipation up to Tamb = 25 °C Ptot max. 800 mW 

Junction temperature Tj max. 150 °C 

Storage temperature Tstg —65 to +150 ° C 

Total current through terminal P2 —Ip2 max. 20 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j -a = 156 °C/W 

1 
J 

) 

~

I

J 
J' 
1 
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FD family FDN126 
FDN136 

t 

DRIVE REQUIREMENTS 

Symbol Type
number 

min. typ. max. 
Conditions and 

reference s 

Clock rate f~ FDN126 0.01 - 3 MHz 
f~ FDN136 0.01 - 1 MHz 

Clock pulse width t~1L FDN126 0. 1 - 1.0µs see timing di- 
t~2L FDN126 0.125 - 1.0µs ~agramforpar-
t~L FDN13b 0.50 - 50µs ameter def. 

Clock pulse fall time t~HL - - 0.10µs see note 1, 2 

Clock pulse rise time t~LH - - 0.10µs see note 2 

Clock delay time t~1~2 FDN126 0 - 49µs 

Clock delay time t$2~1 FDN126 0 - 49 µs 

Clock pulse space ~H FDN136 0.50 - 50µs 

Clock pulse voltage level 
HIGH V~ H -2 0 +0.3 V 
LOW V~L FDN126 -28 -26 -24 V 

V~ L FDN136 -28 -12 -9V 

Data and control input 
logic level HIGH VIHVAH -1.5 0 +0.3V 

LOW VILVAL -28 -12 -9V 

Data lead time to FDN126 20 - - ns 
tpl FDN136 75 - - ns 

Data hold time thl FDN136 75 - - ns 

Note 

The c1ocY, pulse fall time specified for the FDN136 is to ensure that output data will 
meet the input hold time requirements of other shift registers, when more shift re-
gisters operate in series from a common clock. If a register does not drive other 
registers, the clock pulse rise and fall times may be longer. 

Note 2 

For FDN126 above f~ = 1.6 MHz t~lLmin and t~2Lmin determine the maximum 
value of t~Hi, and t~I.,H. 

f -
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FDN126 
FDN136 

FD family 

cxnxncrElusTTcs 
Test conditions: Vpl = -24 V to -28 V; Vp2 = -12 to -14 V; Tamb = -55 to+85 °C; PO =grounded; 

standard load of 20 kSl in parallel with 50 pF to PO

Symbol 
Type 

number
min. typ. max. 

Conditions and 
references 

ELECTRICAL DATA 

Output I :vets 
HIGH VQH -0.5 - 0 V 
LOW 

Data input capacitance 

VQI, 

CI

-14 - -10 V 

- 2 3. 5 pF bias: VI = 0 V; f~= 1 MHz 

Clock input capacitance Cpl, C 2 FDN126 - 22 30 pF 
C ~ ~ FDN136 - 6 g F p 

bias: V~ = 0 V; f~= 1 MHz 

C~1, C~2 FDN126 - 14 20 pF bias: V~ _ -26 V; f~= 1 MHz 

Leakage currents: 
VI = -15 V; all other 

Data input current -IIL - - 1µA terminals at VpO; 
Tam = 25 oC 

V~ _ -28 V; all other 
Clock input current -I L FDN126 - - 100 µA terminals at Vp 

~ Tamb = 25 oC 
0, 

V~ _ -15 V; all other 
-ILL FDN136 - - 1µA terminals at VpO; 

Tamb = 25 oC 

Output resistance: 

HIGH RQH - 220 500 St 

LOW RQ L - 220 500 S2 Yp2 = -5 V 

Drive capability JRI, = 4 kS2 
(see note 1) 

V QL - -10 -8 V 
reference to PO 

Power supply current 

VQl, - -4.7 -4.4 V 
JVp = -5 V; RL, = 4 kS2 
lreference to PO 

(Vp2 = -13 V; f~= 1 MHz 
drain (see note 2) 

I 
- P2 - 0. 8 1.0 mA 

Tam = 25 °C 

-Ipl FDN126 - 2.5 5.0 mA (Vp1 = -26 V; f~= 1 MHz 
-IpI FDN136 - 3.0 6.0 mA tTa~ = 25 °C 

Output transition times: 
fall time tTHL - 80 - ns 

rise time tTLH - 80 - ns 

Delay times: tDHL FDN126 - 70 - ns 
fall time 

tDHL FDN136 - 300 - ns 

rise time] 
l 

tDLH 
tD~ 

FDN126 
FDN136 

- 70 - ns 
- 300 - ns 

D.C. noise margin MI,,,MH 1 1 - - V 
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FD family FDN126 
FDN136 

CHARACTERISTICS (continued) 

Note 1 (see page 4) 

The maximum capacitive load that can be driven depends only on the speed desired 
and the power dissipation allowable. See the output buffer description on page 8 for 
further information on output drive capability. 

Note 2 (see page 4) 

The output buffer power supply current IP2 is almost entirely dependent on the external 
load. 
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FDN126 
FDN136 

FD family 

CHARACTERISTICS (continued) 

TIMING DIAGRAMS 

FDN1l6 

gt 

-26 

0 

Hp 

-26 

0 

DATA 
INPUT 

-10 

0 

DATA 
OUTPUT 

FDN 136 

0 

a 

-10 

DATA 
INPUT 

-10 

— 

— 

r$. • t81LH 

t a~a~ 

tII

ill 

y ex a1 

v 
— — — programmed delay 

~ tnl 

tH7Hli 

0 — — —programmed delay 

DATA 
OUTPUT 

Notes
1. The indicated points on the vertical axes are specified in the glossary of terms. 
2. Duringacontinuous series of LOW signals the data output may return momentar-

ily to zero once every clock cycle, i. e. when the register output normally changes 
signal. The data output should be not sampled during this period. 

3. Input data must remain valid during the shaded interval to ensure proper entry 
into the register. 

t II

tOTL 

r a rt02LH 

t DHI 

tlI 

t aLH 

+ tTHlt 

toHl► 

tTIM 

]Z55Z3].2 

r t oLH+-

tT~Hi tTHL r 
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FD family FDN126 
FDN136 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L, 
The time for which the clock pulse is LOW: FDN126; V~L < -24 V 

FDN136; V~ L, < -9 V 
2. Clock pulse fall time: t$HL 

The time between the 10°Jo and 90°~o voltage points as the clock pulse goes from 
HIGH to LOW . 

3. Clock pulse rise time: t~LH 
The time between the 90% and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t¢1~2; tyf2~1 (FDN126) 
The least allowable time bbetween the end of the ~1 (or ~2) clock pulse and the 
start of the ~2 (or ~1) clock pulse, defined at -2 V. 

5. Clock pulse space: t~H (FDN136) 
The minimum time between the end of a clock pulse (16) andthe start of the 
next, defined at -2 V. 

6. Data lead time: tpI 
FDN126: The time before the 90~point on the clock pulsed for which the voltage 

at the data input must be at its specified logic level in order to ensure 
that the data will be entered in the register. 

FDN136: The time before the 10~ point on the clock pulse for which the voltage at 
the data input must beat its specified logic level in order to ensure that 
the data will be entered in the register. 

7. Data hold time: t~ (FDN136) 
The time after the clock pulse ~ reaches LOW for which the input data must re-
main stable to guarantee that it will be entered into the register. 

8. Output fall transition time: tTHL 
The time between the lOjo and 90~ voltage points as the output goes -from HIGH 
to LOW . 

9. Output rise transition time: tTLH 
The time between the 90°jo and 10~o voltage points as the output goes from LOW 
to HIGH. 

10. Fall delay time: tDHL 
FDN126: The delay between the clock pulse ~2 reaching LOW and the output be-

ginning to change from HIGH to LOW. 
FDN136: The delay between the clock pulse ~ reaching LOW and the output be-

ginning to change from HIGH to LOW. 
11. Rise delay time: tDLH 

FDN126: The delay between the clock pulse ~2 reaching LOW and the output be-
ginning to change from LOW to HIGH. 

FDN136: The delay between the clock pulse ~ reaching LOW and the output be-
ginning to change from LOW to HIGH. 
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FDN 126 
FDN 136 

FD family 

OUTPUT BUFFER DESCRIPTION 

--► 1. The curves below are typical output buffer voltage-current charac[eristicsfor 

the FDN126 and FDN136. They show VQ versus IQ for the bias Vp2 at - 5 V and 

- 12 V, for both HIGH and LOW output. 

Note: When operating with high output current levels, the maximum power rating 
must not be exceeded. 

The circuit shown may 
be used to obtain output 
curves for other values 
of Vp2 . 

shift register 

7255772 
20 

 VPz =-12V 

utput LOW 

VPz =- 5V 

output LOW 

VPz=-5V or -12V 

output HIGH 

typical values 

-15 Vo (V) 

--► 2. The bias arrangement 
shown is suitable for 
driving TTL or DTL 
loads direct. 

-10 

a, 

vl 

-5 

-26V -5V -24Vto - 28V OV 

shift register 

4 

0 

-10 

20 
0 

Pp 

OV 
R=27kII 

-5V 

5 

7255711 
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FD family FDN126 
1=DN136 

TYPICAL PERFORMANCE 

200 
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(mW) 

100 

0 

721D719 
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Vp1= - 26 V 
no load 

Tamb =-55°C 

 t 25°C 
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10 
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104

FDN136 

Vp1=-26V 
no load 
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FDN126 
FDN136 FD family 

—s 

TYPICAL PERFORMANCE (continued) 
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FDfamily FDN146 
FDN146A 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P-channel enhancement mode technology. 

256-BIT DYNAMIC SHIFT REGISTER 

10 14 

2 

,4 ,3 
13 I 

E~ .0Z P~ 

Q 
P~ 

Pa 

I 

Q 

256 bit delay 

Po 
~ © 7Z 55319 

~~ 

Pin numbers refer to FDN146 only 

,z ,o ~ n 
n.c. n.c. 1d~ n.c. n.c. 

FDN146 

n.c. n.c. ?!Z n.c. n.c. 
© ~ © ~ ~ 

7Z 55318 n.c. 

n.c. 

P~ 

Po

I 

7255771 

FDN146 : PO connected to metal bottom 
FDN146A: Pp connected to metal case 

QUICK REFERENCE DATA 

D.C. noise margin ML, > 1 V 
Clock rate f~ 0.01 to 3 MHz 

Power consumption per bit at 10 kHz Pav < 0.002 mW 
1 MHz Pav < 0.2 mW 
3 MHz ,Pav < 0.6 mW 

Power dissipation Ptot max. 300 mW 
Operating ambient temperature Tam -55 to +85 °C 

GENERAL DESCRIPTION 

The FDN146(A) contains one continuous 256 -bit shift register with one serial :zput 
and one serial output. It dissipates very little power and uses atwo-phase external 

clock. The device has a low impedance push-pull output buffer which, when appro-

priately biased is capable of interfacing direct with MOS, DTL, TTL and other loads. 

The buffer supply terminal Pl is a separate supply which determines the output LOW 
signal only. This provides an output level that is independent of both the amplitude 

and width of the clock pulse. With the FDN146(A), the FDN106 (a quadruple 32-bit shift 
register) and FDN126 (a variable length 1 to 64 bit shift register) shift registers of 

any length can be built from off -the -shelf parts. 

PACKAGE OUTLINE : FDN146: 14 lead metal-ceramic dual in-line (See General Sec-
tion) 

FDN146A: TO -100 (See General Section) 
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FDN146 
FDN146A 

FD family 

---► RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134') 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals with reference to Pp 

Power dissipation up to Tamb = 25 ° C 

+0.5 to -30 V 

FDN146 Ptot max. 800 mW 
FDN146A: Ptot max. 625 mW 

Junction temperature Tj mas. 150 ° C 

Storage temperature Tstg -65 +156 °C 

—+ THERMAL RESISTANCE 

From junction to ambient FDN146 Rth j-a = 156 °C/W 
FDN146A: Rth j-a = 200 ° C/W 

CHARACTERISTICS at Tamb = -55 to +85 ° C 

—~ 

Symbol min. typ. max. 
Conditions and 
references 

Clock rate f~ 0.01 - 3 MHz 

Clock pulse width t~1L 0.125 - 1.0µs lseetimingdiagramfor 
t~2 L 0.125 - 1.0µs parameter definitions 

Clock pulse fall time t~6HL - - 0.10 µs 
see note 2 

Clock pulse rise time t~LH - - 0.10 µs JJJ

Clock delay time t¢1¢2 0 - 49 µs 

Clock delay time t¢2 ¢1 0 - 49 µs 

Clock pulse voltage level 

HIGH V~H -2 0 +0.3 V 
LOW V~1, -28 -27 -26 V see note 1 

Data input logic levels 
HIGH VIH -1.5 0 +0.3 V 
LOW VIL -28 -12 -9 V 

Data lead time t,~l 10 - - ns 

Note 1 

The FDN146(A)canbe supplied in versions that will operate with -24 V to -28 V clock 
pulse LOW signal range. 

Note 2 

Above f¢ = 1.54 MHz t~lLmin and t~2Lmin determine the maximum value of t~HL 
and t¢LH• 
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FD family FDN746 
FDN146A 

CHARACTERISTICS (continued) 

Test conditions: Vpl = -12V to -14 V; Tamb= -55 to +85 oC; PO =grounded; 
standard load: 50 pF in parallel with 20 kS2 to PO 

Symbol min. typ. max. 
Conditions and 
references 

ELECTRICAL DATA 

Output levels 
HIGH VQH -0. 5 - 0 V 
LOW 

Data input capacitance 

VQl, 

CI 

-14 - -10 V 

- 2 3. 5 pF bias: Vl = 0 V; f~= 1 MHz 

Clock input capacitance C~1, C~2 - 70 80 pF bias: V~ = 0 V; f~= 1 MHz 
C~i1, C~2 - 45 55 pF bias: V~ _ -26V; f~= 1 MHz 

Leakage currents: 
VI = -15 V; all other 

Data input current -IIL, - - 1µA terminals at Vp0; 

Tamb = 25 oC 

V~ _ -28 V; all other 
Clock input current -ILL - - 100 µA terminals at Vp0; 

~'amb = 25 oC 

.Output resistance 

HIGH RQH - 250 500 52 
LOW RQL - 120 300 S2 Vpl = -5 V 

Drive capability 6 V 
jVp1=-SV;RL=4kS2 

see note 1 V QL 
- -4 8-4 

reflerence to PO 

Power supply current jVpl = -13 V; f~= 1 MHz 
drain (see note 2) 

I 
Pl _ 1.0 1. 5 mA 

Tamb = 25 °C 
Output transition times: 

fall time tTHL - 70 - ns 

rise time tTLH - 70 - ns 

Delay times: fall time tDHL - 70 - ns 
rise time tDLH - 70 - ns 

D.C. noise margin MI,;MH 1 - - V 

Note 1 

The maximum capacitive load that can be driven depends only on the speed desired 
and the power dissipation allowable. See the output buffer description on pages band 
7 for further information on output drive capability. 

Note 2 

The output buffer power supply current Ipl is almost entirely dependent on the ex-
ternal load. The value shown is for a standard load of 1 MS2, 50 pF load. 

~--
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FDN146 
FDN146A 

FD family 

CHARAC'TERIST'ICS (continued) 

TIMING DIAGRAM 

~tH1L ,t
t d1HL 

o — 

$, 

-26 — 

Q 

Bq 

DATA 
INPUT 

tt9,LM 

7 
t~ l

~~l 

y d1 Hl 
t 91L 

tH1Xly 

v 
U — — — 256 bit delay 

DATA 

OUTPUT 

Notes 

tl~ 
~td2ln 

t oxL <oLX 

y ~t TLX 

1. The indicated points on the vertical axis are specified in the glossary of terms. 
2. Input data must remain valid during the shaded interval to ensure proper entry 

into the register. 
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FD family FDN146 
FDN146A 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L, 
The time for which the clock pulse is LOW: VII, < -26 V 

2. Clock pulse fall time: t~HL 
The time between the 10°~o and 90~ voltage points as the clock pulse goes from 
HIGH to LOW . 

3. Clock pulse rise time: t~LH 
The time between the 90% and 10 o  voltage points as [he clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t~1~2, t¢2¢1 
The least allowable time between the end of [he ¢1 (or ~2) clock pulse and the 
start of the ¢2 (or ~1) clock pulse, defined at -2 V. 

5. Data lead time: tpI 
Thetimebeforethe90~point on the clockpulse ~lfor which the voltage at the data 
input must be at its specified logic level in order to ensure that the data will be 
entered in the register. 

6. Output fall transition time: tTHL 
The time between the 10°~o and 90~ voltage points as the output goes from HIGH 
to LOW. 

7. Output rise transition time: tTLH 
The time between the 90% and lOJo voltage points as the output goes from LOW 
to HIGH. 

8. Fall delay time: tDHL 
The delay between the clock pulse ~2 reaching LOW and the output beginning 
to change from HIGH to LOW . 

9. Rise delay time: tDLH 
The delay between the clock pulse ~2 reaching LOW and the output beginning 
to change from LOW to HIGH. 
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FDN146 
FDN146A 

FD family 

OUTPUT BUFFER DESCRIPTION 

1. The curves below are typical output buffer voltage-current characteristics for 
the FDN146(A). They show VQ versus IQ for the bias Vpi  at -5 V and -12 V, for 
both HIGH and LOW output. The circuit shown may be usedto obtain output curves 
for other values of Vpl. 

Note: When operating with high output current levels, the maximum power rating 
must not be exceeded. 

7Z 55709  
•20 

Vpt =- 2V  
output LOW 

Vp = -SV 
output LOW 

Vp =-SV or -12V
output HIGH 

typical values 

-15 VpIV1 -10 -5 

shift register 

Ia 

ImA) 

10 

0 

10 

0 20 
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FD family FDN146 
FDN146A 

OUTPUT BUFFER DESCRIPTION (continued) 

2. Biasing circuit A may be used to drive TTL or DTL loads direct. The MOS input 
logic levels must be referenced to Vp~. TR1 and TR2 are the push-pull output 
driver transistors of the FDN146. 

+5V to - 22V 
~~ 

~i 

shift register 
~ TR1 

--~ TR2 

+SV 

0 

+5V 

Biasing circuit A 

~P3 

~ 2Z 553321 

3. Biasing circuit B allows the MOS device to be interfaced with TTL or DTL at 
both the input and output using only passive interface components. 
\ote that the TTL or DTL integrated circuit must be able to withstand +12 V ap-
plied to the output lead (point A), most non-Rc type gates of our FC series and 
most FJ gates satisfy this requirement. Special open collector FJ gates (FJH301, 
311, 321) have a minimum ouput breakdown voltage guarantee of 15 V. 

+SV 
+12V to -15V 
~~ 

:PJ~ ~2 

A I 

2.2 
kfl 

shift register 
—~ 

resistor values: t5% 

+SV 

~Pa 

~ 2755334.1 

+~2V ±5% 

Biasing circuit B 

4. To drive X405 loads direct, the bias Vpl should be between -12 and-14 V to PO• 
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FDN146 
FDN146A 

FD family 

TYPICAL PERFORMANCE 

300 

Ptot 

(m W) 

200 

100 

0 

7z imzu 

no load 

10 
5 10z 

7255707 

2 

104

400 

Ra

(n) 

300 

200 

100 

f~ 

(H z) 

103

102

10 

output resistance 
versus ambient temp. 

HIGH 

VP~=-SV 

LOW 

100 0 
1 

100 200 -100 
Tamb ( °C) 

103 z f~(kHz) 104

7255683 

t

minimum operating frequeney 
versus temperature 

0 100 T (°C) 200 
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FD family FDN156 
FDN156A 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

13 

256-BIT DYNAMIC SHIFT REGISTER 

I 14 

I 

P~ 

256 bit delay 

Pp 

z 
Q 2 

I 1 
Pin numbers refer to FDN156 only 

7255321 

P2 I n.c. n.c. n.c. P~ n.c. 

FDN156 

Pp Q n.c. n.c. RJ n.c. n.c. 

uuuuu~u 
7Z 55 JZO R[. 'r2ss'r~) 

FDN156 : PO connected to the metal bottom 
FDN156A: PO connected to the metal case 

n.c. 

P= 

Po

QUICK REFERENCE DATA 

Supply voltage Vp -26 to -28 V 
D.C. noise margin ML > 1 V 

MH > 1.5 V 

Clock rate f~ 0.01 to 1 MHz 

Power consumption per bit at f = 10 kHz Pav < 0.2 mW 

f = 1 MHz Pay < 0. 6 mW 

Operating ambient temperature 
Tamb -55 to +85 oC 

GENERAL DESCRIPTION 

The FDN156A contains one 256-bit shift register with one serial input and one serial 
output. It dissipates very little power and uses aone-phase external clock. The de-
vice has a low impedance push-pull output' buffer which, when appropriately biased 
is capable of interfacing direct with MOS, DTL, TTL and other loads. 
The buffer supply terminal P2 is a separate supply which determines the output LOW 
signal only. This provides an output devei that is independent of both the amplitude 
and width of the clock pulse. 
With theFDN156A, the FDN116 (a quadruple 32 -bit shift register) and FDN136 (a 
variable length 1 to 64-bit shift register) shift registers of any length can be built 
from off-the-shelf parts. 

PACKAGE OUTLINE : FDN156: 141eadrnetal-ceramic dual in-line (See General Section) 
FDN156A:T0-100 (See General Section) 
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FDN156 
FDN156A 

FDfamily 

—~ RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals with reference to PO +0.5 to -30 V 

Power dissipation up to Tamb = 25 °C FDN156 Ptot max. 800 mW 
FDN156A: Ptot max. 625 mW 

Junction temperature Tj max. 150 ° C 

Storage temperature Tstg. -65 to +150 oC 

Total current through terminal P2 -IP2 max. 20 mA 

Output current (per output) 

—+ THERMAL RESISTANCE 

From junction to ambient 

±IQ max. 20 mA 

FDN156 Rth j_a = 1.56 ° C/W 
FDN156A: Rth j_;z

CHARACTERISTICS at Tamb = -55 to +85 °C 
2€30 °C,/W 

Symbol min. typ. max. 
Conditions and 

references 

Clock rate f~ 0.01 - 1 NIHz 

Clock pulse width t~L 0.5 - 50 µs 
JSeetimingdiagrar~ifor 
parameter definitions 

Clock pulse fall time t~HL - - 0.10 µs See note 1 

Clock pulse rise time t~LH - - 0.10 µs 

Clock pulse space tpH 0. 5 - 50 µs 

Clock pulse voltage level 
HIGH V~ H -2 0 +0.3 V 
LOW Va l, -28 -12 -9 V 

Data input logic levels 
HIGH VIH -2 0 +0.3 V 
LOW VIL -28 -12 -9 V 

Data lead time tpI 20 - - ns 

Data hold time thI 75 - - ns 

Supply voltages Vpl -28 -26 -24 V f~ < 750 kHz 
Vpl -28 -27 -26 V f~ < 750 kHz 
Vp2 -28 - +0.3 V 

--► Note 1 

The fall time spec;fied for the FDN156(A)is to ensure that output data will meet the 
input hold time requirements of other shift registers, when more shift registers 
operate in series from a common clock. If a register does not drive other registers 
the clock pulse fall time may be longer. 
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F'D family FDN156 
FDN156A 

CHARACTERISTICS (continued) 

Test conditions: Vpl = -26 V to -28 V; Vp2 = -12 V to -14 V; Tam _ -55 to +85 °C; 
Pp =grounded; standard load: 50 pF in parallel with 20 kS2 to P0. 

Symbol min. typ. max. 
Conditions and 
references 

ELECTRICAL DATA 

Output levels 
HIGH VQH -0. 5 - 0 V 
LOW VQI, -14 - -10 V 

Data input capacitance CI - 2 3. 5 pF bias: VI=O V; f~= 1 MHz 
Clock input capacitance C~ - 6 10 pF bias: V~ = 0 V; f~ =1 MHz 

Leakage currents 
VI = -15 V; all other 

Data input currents -IIL - - 1µA terminals at Vp ; 
0Tam = 25 °C 

V~ _ -28 V; all other 
Clock input current -ICI, - - 100. µA terminals at Vp0; 

Tamb = 25 °C 

Output resistance 

HIGH RQH - 250 500 S2 

LOW RQL - 250 500 S2 Vp2 = -5 V 
Drive capability 

(see note 1) V L Q 
- -4.8 -4.6 V 

!Vp2 = -5 V; RL = 4 kSt 
to reference PO 

Power supply current 
drain (see note 2) -Ip2 - 1.0 1.5 mA Vp2 = -13 V;f~= 1MHz; 

Tamb = 25 °C 
-Ipl - 5.0 8.0 mA Vpl = -27 V;fc~= 1 MHz; 

Output transition times: Tamb = Z~ °C 
fall time tTHL - 100 - ns 
rise time tTLH - 100 - ns 

Delay times: fall time tDHL - 300 - ns 
rise time tDLH - 300 - ns 

D.C. noise margin Ml, 1 - - V 
MH 1.5 - - V 

Note 1 

The maximum capacitive load that can be driven depends only on the speed desired 
and the power dissipation allowable. See the output buffer description onpages Sand 
6 for further information on output drive capability. 

Note 2 

The output buffer power supply current Ip2 is almost entirely dependent on the ex-
ternalload. 
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FDN156 
FDN156A 

FD family 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

e 

Bata 
input 

-10 — 

o — — — tse mt d~my 

data 
out Dut 

'~ 20Nls t t ~LH~ 

~ <TnL'~ 
.►~'trLnl~t 

rss~~~~ 

Notes 

1. The indicated points on the vertical axis are specified in the glossary of terms. 
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FD family FDN156 
FDN156A 

CHARACTERISTICS (continued) 

GLOSSERY OF TERMS 

1. Clock pulse width: t~L 
The time for which the clock pulse is LOW:V~1, < —9 V. 

2. Clock pulse fall time: tbHL 
The time between the 10~ and 90% voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t~LH 
The time between the 90% and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock pulse space:t~H 
The least allowable time between the end of a clock pulse (~) and the start of 

the next . 

5. Data lead time: tpl 
The time before the l0~Jo pointon the clock pulse for which the voltage at the data 
input must be at its specified logic level in order to ensure that the data will be 
entered in the register. 

6. Data hold time: thI 
The time after the clock pulse fb reaches LOW for which the input data must re-
main stable in order to ensure that the data will be entered in the register. 

7. Output fall transition time: t~L, 
The time between the 10~ and 90~ voltage points as the output goes from HIGH 
to LOW. 

8. Output rise transition time: tTLH 
The time between the 90~ and 10% voltage points as the output goes from LOW 
to HIGH. 

9. Fall delay time: tDHL 
The delay between the clock pulse 
to change from HIGH to LOW . 

10. Rise delay time: tDLH 
The delay between the clock purse 
to change from LOW to HIGH. 

ib reaching LOW and the output beginning 

~ reaching LOW and the output beginning 

September 1970 
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FDN156 
FDN156A 

FD family 

OUTPUT SUFFER DESCRIPTION 

1. The curves below are typical output buffer voltage-current characteristics for 
the FDN156. They show VQ versus IQ for the bias Vpl at -5 V and -12 V, for 
both HIGH and LOW output. The circuit shown may beusedtoobtainoutputcurves 

for other values of Vp2. 

Note: When operating with high output current levels, the maximum power rating 
must not be exceeded. 

7255908 ,L0

  Vppc-12V  

output LOW 
Vpy = -SV  

output LOW 

 Vpz=-5V or -12V 

output HIGH 

Io 
(mA1 

10 

0 

typical values 

-15 Va (V) 10 -5 

shift register 

10 

20 
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FDfamily FDN156 
FDN156A 

OUTPUT BUF FER DESCRIPTION 

2. Biasing circuit "A" may be used to drive TTL or DTL loads direct. The MOS in-

put logic levels must be referenced to Vp0 . TR1 and TR2 are the push-pull out-

put driver transistor of the FDN156. 

+SV to -5V 
or 

+SVto-22V -22V ~ -19Vto-23V +5V 

.1 RL ~ i

' 
27kR 

shift register Q 

~ V 0 
+5V Biasing circuit "A" 

9255333.1 

3. Biasing circuit "B" allows the MOS device to be interfaced with TTL or DTL at 
both input and output using only passive interface components. Note t?;at the TTL 
or DTL integrated circuit must be able to withstand +10 V applied to the output 
lead (point A), most non-Rc type gates of our FC series and most FJ gates satisfy 

this requirement. Special open collector FJgates (FJH301; 311; 321) have a min-
imum output breakdown voltage guarantE~ of 15 V. 

+5V 

3 

+5V 

P3

2.2kR 

-14V + 5 V 

shift register 
--~ TR1 

--~ TR2 

P 

2.2k11 

+12V ±5% 

2708 

360R 
TTL 

92553351 

Biasing circuit "B" 

4. To drive MOS loads direct, the bias Vpl should be between-12 and —14 V to PO. 
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FDN156 
FDN156A 

FD family 

TYPICAL PERFORMANCE 

300 

Ptot 

(m W) 

200 

100 

0 

7210726 

Vp~ _ —27 V 
no toad 

10 102

7255682 104

400 

RQ

lR) 

300 

200 

100 

output resistance 
versus temperature]

f~ 

(Fl z) 

103

102

10 

0 
-100 0 100 T(°C) 200 

1 
-100 

s 103 z f~(kHz) 

7255683 

104

I 

1 
J

minimum operating firequency 
versus temperature 

0 100 T (°C) 200 
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FD family FDN166A 

3 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P -channel enhancement mode technology. 

512-BIT RECIRCULATING DYNAMIC SERIAL MEMORY 

~o 

I 

~, gz 

input 
control 

-+-~ 256 bit delay 

--~ 

~_ 
256 bit delay 

output 
control 

6 

W ICD~ 1CDy Pp 
7 2 9 

R 
5 4 

7255764 

PO connected to the metal case 

QUICK REFERENCE DATA 
Clock rate 

Data rate 

f~ 

fD 

0.005 to 5 MHz 

0.01 to 5 MHz 

Power consumption per bit 
at 1 MHz data rate PaV 0.07 mW 
at 5 MHz data rate Pay 0. 35 mW 

Operating ambient temperature Tamb —55 to +85 °C 

.PACKAGE OUTLINE : TO -100 (See General Section) 
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FDN166A FD family 

GENERAL DESCRIPTION 

The FDN166A consists of two 256-bit 2 -phase dynamic shift registers, with internal 
multiplexing and recirculation circuitry. 1) 
Data is written into and read from the device at both ~l and ~2, so that the data rate 
is twice the clock rate. The chip disable (CD) inputs allow selection of one -out -of-
-many circuits in larger memories. Both CD inputs have to be in the HIGH state to 
activate the device. Data will be written in when W, CDl ,and CD2 are in the HIGH 
state; at all other times the device is in the recirculation mode. The output is active 
only when R, CDl and CD2 are in the HIGH state; so that the outputs of more devices 
can be wired-OR. 
With the FDN166Alarge serial memories witha drum-like organisation can be made. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all data inputs, clock inputs, 
outputs and supply terminals with reference to PO +0.5 to -30 V 

Power dissipation Ptot max. 625 mW 

Junction temperature up to Tamb - 25 °C Tj max. 150 °C 

Storage temperature Tstg -65 to +150 °C 

Output current (per output} ±IQ max. 20 mA 

TIIERMAL RESISTANCE 

From junction to ambient Rth j -a = 200 °C/W 

Note 
All terminals are protected against over-voltage due to static charges. 

1) External behaviour: 512-bit shift register. 
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FD family FDN166A 

DRIVE REQUIREMENTS at Tamb = -55 to +85 ° C; Pp is grounded 

Symbol min. typ. max, 
Conditions and 
references 

Clock rate f~ 0. OS - 1. 5 MHz V~L, _ -23 V 

0.05 - 2.5 MHz V~L = -26 V 

Clock pulse width t~L 0.28 - 10 Ns V~L = -23 V 

0. 16 - 10 Ns V~~, _ -26 V 

Clock pulse rise time t~I,H - - 100 ns 

Clock pulse fall time t~HL - - 100 ns 

Clock delay t~l~2,t~2¢1 0 - 100 ps 

Clock pulse voltage levels 

HIGH V~H -2 - +0.3 V 

LOW V~L -28 - -23 V 

Data input logic levels 

HIGH VIH> VCDH~ -1 - +0.3 V 

VRH~ VWH 

LOW VIL, VCDL. -28 - -9 V 

VRL~ VWL 

Data lead time for 

I, W, R and CD inputs tp 50 - -. ns 
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FDN166A FD family 

CHARACTERISTICS at Tam _ -55 to +85 ° C; PO grounded 

Symbol min. typ. max. Conditions and references 

Data rate fD 0.01 - 3 MHz VII, _ -23 V 

fD 0.01 - 5 MHz Val, _ -26 V 

Output current 

HIGH -IQH 2 - - mA VQ = -5 V; see note 

LOW -IQL - - 10 NA VQ = -15 V 

Capacitances 

I, R, W and CD inputs CI - 2.3 3.5 pF VI = 0 V; f = 1 MHz 

Clock input 
capacitance C~ - 95 110 pF V~ = 0 V; f = 1 MHz 

Output capacitance CQ - 2.0 2.5 pF VQ = 0 V; f = 1 MHz 

Leakage currents 

I, R, W and CD inputs -II - - 1 ~A VI = -15 V; Tamb = 25°C 
all other terminals at VP0 

Clock inputs -I~ - - 100 NA V~ _ -28 V; Tamb = 25 oC 
all other terminals at VP0 

Output resistance 
=-5V 

HIGH RQH - - 1 kS2 
~V 
S 

Q 
note 

Delay times 

Clock input-to data output tDHL. tDLH - - 110 ns 

Note. 

The specified output current is measured immediately after the delay time tDLH• 
In a steady HIGH state the output resistance decreases to less then 1 kS2. 
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FD family FDN16f A 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

~1 

~2 

9o~k~t 
toy t 

teM~ f  ~ce~H 

I, W, 
R, CD 

-~o-

0—
Q -0.2mA-

2mA—

Note 

ye~e, 
i~ ~ 

c~-

90% 

ti 

\/ 
~ tpt ~-

y teH~ ~ y te~H f 

toHi to<H 

/_ 

Data inputs (I, W, R, CD1 and CDZ) must remain valid for the shaded interval to en-
sure proper entry. 
When CD1, CD2 and R are HIGH during this time, the output circuit will be active 
during the succeeding clock pulse. 
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FDN166A 

CHARACTERISTICS 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L 
The time for which the clock pulse is LOW. 

2. Clock pulse fall time: t~HL 
The time between the 10 ~ and 90 ~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: tc~LH 
The time between the 90 ~ and 10 ~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t~~~2, t~2~1 
The time for which the clock pulses are simultaneously HIGH. 

5. Data lead time: tp 
The time before the indicated point on the clock pulse for which I, R,W,CDl and 
CD2 must be present at the inputs to ensure correct entry into the memory. 

6. Delay timer tD 
The delay between the clockpulse reaching LOW and the output beginning to change 
from LOW to HIGH. 

OUTPUT BUFFER DESCRIPTION 

The output buffer of the FDN166A consists of an open drain MOS transistor. The 
source is connected to Pp, the drain to the output terminal Q. The use of this type 
of output allows wired-OR-ing of the outputs in expanded memories. The buffer can 
simply be interfaced with TTL or with other MOS circuits. In the latter case only 
one resistor is required; which value depends on the load capacitance and the speed 
desired. 

>3, 
FDN166 

~2 

-12V 

1 
for 
MOS 

I 
load 

9255965 
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FD family FDN1s6A 

fp 

IMHzI 

7.5 

5 

2.5 

7255767 

maximum data rate versus clock 

pulse voltage amplitude 

tYP 
t~~=125ns 

min 

-20 

10 

fp 

(kHz) 

1 

10-~ 

10_z

-100 

-25 V~~ (V) -30 

Ptot 
(mW) 

0.2 

0.1 

7255768 

power dissipation per bit versus 
clock pulse voltage amplitude 

fo=2MHz 

typ 

0  
20 -25 V~~IVI -30 

7Z 55770 

minimum data rate versus 
case temperature I 

max 

typ 

-50 0 50 Tcase (°C) 100 
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FDN166A FD family 

104

Ptot 

lmWl 

103

10Z

10 

1 

10-~ 

10
-z

1 

7255769 

typical power dissipation 
versus data rate 

V~ ~ =-28V 

-23V 

10 10z 103 fio (kHz) 104
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FD family FDN186 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P -channel enhancement mode technology. 

QUADRUPLE 16—BIT DYNAMIC SHIFT REGISTER 

2 

s 14 

I~ 

~~ .qZ ~ 

3 I 

16 bits 

4 I3

16 bits 

5 I 

16 bits 

16 bits 

P~ Pp

PZ

Q~ 13 
B~ 

Q 2 12 
BZ 

D3 11 

g3 

Q4 10 

B4 

P 

IB ~1 9 
7zssna 

Pp and metal package bottom are connected. 

PZ ~~ ~z D3 ~~ 

FDN186 

Pp I1 IZ I3 I4

P3 P~ 

0~ ~ 

7Z5s719 

QUICK REFERENCE DATA 

Supply voltage Vpl -24 to -28 V 

D. C. noise margin ML; MH 1 V 

Clock rate f~ 0.01 to 3 MHz 

Power consumption per bit at 1 MHz Pav typ. 1. 2 mW 

Operating ambient temperature Tamb -55 to +85 ' ° C 

PACKAGE OUTLINE : 14 lead metal -ceramic dual in -line (See General Section) 
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FDN186 FD family 

GENERAL DESCRIPTION 

The FDN186 package comprises 4 separate 16 -bit shift registers that can be used 
independently or can be externally connectedto make registers up to 64-bits long, Clock 
and power lines are common to all four registers. The output buffers are bi-direc ~-
tional, low impedance NR7. 1), that by suitable biasing will directly drive MOS, DTL 
or TTL loads or, because they have separate output voltages (Vp2; Vp3), a combina-
tion of MOS and bipolar. Vp2 and Vp3 are output buffer wltages only, and the output 
signal is independent of the width and amplitude of the clock pulse. 

RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134) 

Voltage on all data inputs, clock inputs, outputs 
and supply terminals with reference to PO +0.5 to -30 V 

Power dissipation up to Tamb = 25 °C Ptot max. 800 mW 

Junction temperature Tj max. 150 ° C 

Storage temperature Tstg -65 to+150 ° C 

Total current through terminals P2 and P3 -Ip2, -Ip3 max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 
From junction to ambient Rth j -a = 156 ° C/W 

Note 
The device is protected against over-voltage caused by static charges. 

1) Non return to zero. 
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FD family FDN186 

CHARACI'hRISTICS at Tamb = -55 to +85 ° C 

Symbol min. typ. max. 
Conditions 

and references 

Clock rate f~ 0. O1 - 3 MHz 
see timing 

Clock_ pulse width t~1L 0. 125 - 1 ~s 1 diagram for 
t~2L 0. 125 - 1 Ns J parameter def. 

Clock pulse fall time t¢HL - - 0. 10 ~s see note 1 

Clock pulse rise time t~;LH - - 0. 10 ~s see note 1 

Clock delay times t,~1~2 0 - 49 us 

~2~1 0 - 49 Ns 

Clock pulse voltage level 
HIGH VyyH -2 0 +0.3 V 
LOW V~L -28 26 -24 V 

Data input logic level 
HIGH VIH -1.5 0 +0.3 V 

LOW VIL -28 -12 -9 V 

Data lead time tpI 10 - - ns 

1) Above fd = 1.54MHz t~lLminand t~2Lmin determine the maximum value of t~HL 
and tdLH• 
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FDN186 FD family 

CHARACTERISTICS (continued) 

Test conditions: Vpl  = -24 V to -28 V; Vp2 =Vp3 = -12 V to -14 V; Tamb = -55 to 
+85 ° C, lip =grounded; standard load: 50 pF in parallel with 20142 to PO 

Symbol min. typ. max. 
Conditions 

and references 

ELECTRICAL DATA 

Output levels 
HIGH VQH -0.5 - 0 V 
LOW VQl, -14 - -10 V 

Data input capacitance C1 - 2 3.5 pF bias:Vl = 0 V;f = 1 MHz 

Clock input capacitance C¢1, Cd2 - 19 25 pF bias:V~ = 0 V;f = 1 MHz 

Leakage currents: 

Cpl, C~2 - 14 18 pF bias:V~ _ -26 V; f = 1 MHz 

r VI = -15 V; all other 

Data input currents -IIL - - 1 NA S terminals at VpO; 

Tamb = 25 QC 

(V~ _ -28 V; all other 

Clock input current -ILL - - 100 NA j terminals at VpO; 
Tam = 25 °C 

Output resistance 

HIGH RQH - 300 600 52 

LOW RQL - 250 500 52 Vp2 = VP3 = -5 V 

Drive capability 
(see note 1 on page 5) VQL - -10 -8 V RL = 4 k52 

reference to PO 

(Vp2 =Vp3 = -5 V; 
VQL - -4.7 -4.4 V j Rl, = 4 kS2 

reference to PO 

Power supply current = -26 V; 
drain (see note 2 

on page 5) 

-Ipl - 2.0 3.0 mA 
~Vpl

f = 1 MHz 

Tamb = 25 ° C 

Vp2 =Vp3 = -13 V; 
-1p2,-Ip3 - 2.4 3.0 mA f = 1 MHz 

Output transition times: Taint - 25 ° C 

fall time tTHL - 100 - ns 
rise time tTLH - 100 - ns 

Delay times: fall time tDHL - 80 - ns 
rise time tDLH - 80 - ns 

D.C. noise margin ML,, Mll 1 - - V 

r 
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FD family FDN186 

CHARACTERISTICS (continued) 

Note 1  (see page 4) 

The maximum capacitive load that can be driven depends only on the speed deisred 
and the power dissipation allowable. See the output buffer description on page 8 for 
further information on output drive capability. 

Note 2 (see page 4) 

The output buffer power supply currents (Ip2, Ipg) are almost entirely dependent on 
the external load. 
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FDN186 FD family 

CHARACTERISTICS (continued) 
TIMING DIAGRAM 

H1 

Ey 

data 
input 

data 
output 

0  

-26 — 

~t9,L~ 
t H1ML ~' a • 't t91LM 

-26~ 

0 

10 — yL 'S SSN1 

t 9401 

0 ~ — — 16 bit delay 

t91L 

t9YMLy 

t it

rt01LH 

toML toLM 

i tiHL t y tTLH 

)Z55IZ5 

Timing diagram note: 
Input data must remain valid for the shaded interval to ensure proper entry into 
the register. 

Note 

The indicated points on the vertical axes are specified in the glossary of terms. 
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FD family FDN186 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t¢L 
The time for which the clock pulse is LOW: V¢1, < -24 V 

2. Clock pulse fall time: t¢HL 
The time between the 10~ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t¢LH 
The time between the 90~ and 10~ voltage points as the. clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t¢1¢2, t¢2¢1 
Thetime between the end of the ¢1 (or¢2) 
clock pulse, defined at -2 V. 

5. Data lead time: tpI 
The time before the 90~ point on the clock pulse ¢1 for which the voltage at the 
input must be at its specified logic level in order to ensure that the data will be 
entered in the register. 

6. Output fall transition time: tTHL 
The time between the 10~ and 90~ voltage points as the output goes from HIGH 
to LOW. 

7. Output rise transition time: tTLH 
The time between the 90~ and 10% 
HIGH. 

8. Fall delay time: tDHL 
The delay between the clock pulse 
change from HIGH to LOW. 

9. Rise delay time: tDLH 
The delay between the clock pulse 
change from LOW to HIGH. 

clock pulse and the start of the ¢2 (or ¢'1) 

voltage points as the output goes from LOW to 

¢2 reaching LOW and the output beginning to 

¢2 reaching LOW and the output beginning to 
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FDN186 FD family 

OUTPUT BUFFER DESCRIPTION 

1. The curves below are typical output buffer voltage-current characteristicsfor the 
FDN186. They show VQ versus IQ for the VpZ and Vp3 at -5 V and -12 V, for 
both HIGH and LOW output. 

Note: When operating with high output current levels, the maximum power rating 
must not be exceeded. 

The circuit shown may 
beusedto obtain output 
curves for other values 
of Vp2 and Vp3. 

 VPz ~ VP3 ° -12V  
output LOW 

/////  
7255723  ZO

VP2 ' VP3 `" S V  
  output LOW 

Vpp ;VP3 =-SV Or -12V 
output HIGH 

typical values 

-15 Vo (V) 

2. The bias arrangement 
shown is suitable for 
driving TTL or DTL 
loads direct. 

-10 

~, 
-5 

-26V -SV -24Vto-28V OV 

Pz.P3 

shift register 

i 
4 

Ia 
mA 1 

10 

0 

-10 

20 
0 

Pp

OV 
R=27kIl 

P5

-SV 7255331.1 
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FD family FDN186 

TYPICAL PERFORMANCE 
200  

Ptot 

(mWl 

100 

7255724 

Tamb =-55°C 

+25°C 

+85°C

VP~ =- 26V 
no load 

0  
10 10 2

7255722 

103 fi~ (kHz) 104

7255721 
150 

Ptot 

(m W) 

100 

50 

0 
-24 

500 

Ra

(R) 

400 

300 

200 

100 
-100 

fi~-1MHz  
no load 

 output res'stance 
versus ambient temp. 

Tamb=-55°C 
output 
HIGH 

+25°C 

+85°C 

~~~ 

output 
LOW 
VP2~~P3=- 5V 

_~~ 

-26 V~ ;VP~ (VI -28 0 100 200 
Tamb (°CI 
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FDN186 FDfamily 

TYPICAL PERFORMANCE (continued) 
104

fs

(H z) 

103

10Z

10 

1 
-100 

7Z 55683 
s 

J 

minimum operating firequency 
versus temperature 

0 100 Tl°C) 200 
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FD family FDN196A 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P -channel enchancement mode technology. 

4 

8 

DUAL 256-BIT DYNAMIC SHIFT REGISTER 

3 9 5 
Ply Sp P~ PZ

 i ~ 256 bits ~~ 

IZ 
256 bits 

0 

az 

~~ 
/Z55'/46 

6 

n.c. 

10 0'~ 

PO connected to metal case 

QUICK REFERENCE DATA 

Clock rate f~ 0.01 to 3 MHz 

Power consumption per bit 
at f~ = 3 MHz Pav tYP• 0.36 mW 

Operating ambient temperature Tamb —55 to +85 °C 

D.C. noise margin MH; ML 1 V 

'PACKAGE OUTLINE : TO -100 (See General Section) 
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FDN196A FD family 

GENERAL DESCRIPTION 

The FDN196A consists of two 256 -bit 2 -phase dynamic shift registers> withcommon 

clock lines. 
The device has two tow impedance push-pull output buffers, with separate supplyvolt -

ages. Thus the two outputs may be independently biased to drive a bipolar load or 

other MOS circuits. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all data inputs, clock inputs, 
outputs and supply terminals with reference to PO +0.5 -30 V 

Power dissipation up to Tamb = 25 °C Ptot max. 625 mW 

Junction temperature Tj max. 150 ° C 

Storage temperature Tstg -65 to+150 ° C 

Total current through terminals Pl, P2 -Ipl ,-Ip2 max. 20 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j -a = 200 ° C/W 

Note
All terminals are protected against over-voltage due to static charges. 
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FD family FDN196A 

DRIVE REQUIREMENTS at Tamb = -55 to +85 °C; Pp is grounded 

Symbol min. typ. max. 
Conditions and 
references 

Clock rate f~ 0.01 - 3 MHz 

Clock pulse width t~1L 0. 125 - 5.0 ~s 

t~2L 0.125 5.0 ~s 

Clock pulse rise time t~LH - - 0. 5 ~s 

Clock pulse fall time t~Hi, - - 0.5 Ns 

Clock delay t~l¢2,t~2~1 0 - 45 Ns 

Clock pulse voltage levels 

HIGH V~H -2 0 +0.3 V 

LOW Val, -28 -26 -24 V 

Data input logic levels 

HIGH V1H -2 0 +0.3 V 

LOW V1L -28 -12 -9 V 

Data lead time tpl 10 - - ns 

Buffer supply voltages -Vpl , -Vp2 0 - 14 V 

~. 
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FDN196A FD family 

CHARACTERISTICS 

Test conditions: Vpl =Vp 2 = -12 to -14 V; Tamb = -55 to +85 ° C; PO =grounded 

standard load: 50 pF in parallel with 20 kS2 to P0. 

ELECTRICAL DATA Symbol min. typ. max. 
Conditions and 
references 

Output levels 

HIGH VQH -0.5 - 0 V 

LO W VQL -14 - -10 V 

Data input 
capacitance CI - 2 3.5 pF VI=OV;f=1MHz 

Clock input C~1~ C~2 - 90 110 pF V~=OV;f=1MHz 

capacitances 
C~1, C~2 - 60 80 pF V~=-26 V; f=1 MHz 

Leakage currents 

Data input VI = -15 V; all other 

current - IIL - - 1 µA { terminals at P0; 

l Tamb = 25 ° C 

Clock input V~ _ -28 V; all other 

current -I~ L - - 100 µA terminals at P0; 

Tamb = 25 ° C 

Output resistance 

HIGH RQH - 250 500 S2 

LOW RQL - 150 300 52 Vpl, VP2 = -5 V 

Vpl , Vp2 = -13 V 

Supply currents -Ipl,-Ip2 - -0.68 -1.0 mA { f =1 MHz; Tamb = ?5° C 
l See note 

Delay time 

Clock to output tD - 135 275 ns 

Note 

The output buffer power supply current is almost entirely dependent on the external 
load. The value shown is for a load of 50 pF is parallel with 1 M52 to P0. 
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FD family FDN196A 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

H~ 

$p 

DATA 
INPUT 

DATA 
OUTPUT 

Notes 

~tHtl t

t HIHL✓ 

0 ~~ 

-26 — 

0~ 

-26 — 

0 

-10 — 

ft87LH 

t Ht 92 

t ~ l 

///~
f.✓ll 

0 — — — 256 bit delay 

t H2 Ht 

tH1HLi 

tl

t02L 

♦ a~ ~t62LH 

tcn+ 

 I 

1. The indicated -points on the aertical axis are specified in the glossary of terms. 
2. With the FDN196A the data inputs must also remain valid for the t¢LH• 
3. Data inputs must remain valid for the shaded interval to ensure proper entry into 

the register. 
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FDN196A FD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L 
The time for which the clock pulse is LOW: V~L, < —26 V 

2. Clock pulse fall time: t~HL 
The time between the 10~ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t~LH 
The time between the 90% and 10~ voltage points as the clock pulse goes from 

LOW to HIGH. 

4. Clock delay time: tc¢1~2, t~2~1 
The last allowable time between the end of the ~1(or ~2) clock pulse and the start 
of the ~2 (or ~1) clock pulse, defined at —2 V. 

5. Data lead time: ttl 
The time before the 90~ point on the clock pulse ¢1 for which the voltage at the 
data input must be at its specified logic level in order to ensure that the data will 
be entered in the register. 

6. Delay time: tD 
The delay between the clock pulse ~2 reaching LOW and the output reaching its 

logic level. 
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FD family FDN196A 

OUTPUT BUFFER DESCRIPTION 

1. The curves below are typical output buffer voltage -current characteristics for 
the FDN196A. They show VQ versus IQ for the bias Vpl at —5 V and —12 V, for 
both HIGH and LOW output. The circuit shown may be used to obtain LOW output 
curves for other values of Vpl. 

Note: When operating with high output current levels, the maximum power rating 
must not be exceeded. 

7255773 
20 

  VP~=-12V 
output LOW 

 Vp~=-SV 
output LOW 

VP~_-SV or -12V 
output HIGH 

typical values 

-15 Va IVI -10 -5 

shift register 

Ia 
ImAI 

70 

0 

10 

-20 
0 
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FDN196A FD family 

OUTPUT BUFFER DESCRIPTION (continued) 

2. Biasing circuit A may be used to drive TTL or I7I'L loads direct. The MOS input 
logic levels must be referenced to Vp0. TR1 and TR2 are the push-pull output 
driver transistors of the FDN146. 

+SV to-22V 
r~ 

+SV 

+5V 

Biasing circuit A 

3. Biasing circuit B allows the MOS device to be interfaced with TTL or I7I'L at and 
output using only passive interface components. 
Note that the TTL or DTL integrated circuit must be able to withstand +10 V ap-
plied to the output lead (point A ), most circuits of our FC series and most FJ gates 
satisfy this requirement. Some open collector FJ gates have a minimum output 
breakdown voltage guarantee of 15 V. 

+SV 
+10V to -17V 

r~~ 

~~ 0 

+5V 

A I 

2kn 
P3 

shift egister 
--~ TR1 

—~ TR2 

Pp 

0 

27o n 

z7on 

3 

//~ '/255'/48 

+10V 

Biasing circuit B 

4. To drive MOS loads direct, the bias Vpl should be between -12 and -14 V to P0. 
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FDN196A 

7255772 

400 

Ra 

cn) 

300 

200 

100 

output resistance 
versus ambient temp. 

HIGH 

 VP~ _-SV 
 LOW 

100 0 100 200 
Tamb~°C) 
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FD family FDN2os 
FDN20sA 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P-channel enhancement mode technology. 

200-BIT DYNAMIC SHIFT REGISTER 

200 bit delay 

Pp 

Q 

I Z 556'18 

m m m m m o 0 
n.c. n.c. I n.c. n.c. n.c. P~ 

i FDN206 

Pp Py ~ n.c. n.c. n.c. 0 

uuuuuuu 
9255699 

n.c. 9Z 55696 

FDN206 : PO connected to the metal bottom 
FDN206A: PO connected to the metal case 

QUICK REFERENCE DATA 

Supply voltage Vpl —26 to —28 V 

D. C. noise margin ML; MH > 1 V 

Clock rate f~ 0.01 to 1 MHz 

Power consumption per bit atf~= 10 kHz Pav < 0. 2 mW 

f~= 1 MHz Pav < 0.6 mW 

Operating ambient temperature Tam —55 to +85 °C 

PACKAGE OUTLINES : FDN206 14 lead dual in-line (See General Section) 

FDN206A; TO-99 (See General Section) 
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FDN206 
FDN206A 

FD family 

GENERAL DESCRIPTION 

The FDN206 contains one 200-bit shift register with one serial input and one serial 
output. It dissipates little power and uses aone-phase external clock. The de-
vice has a low impedance push-pull output buffer which, when appropriately biased 
is capable of interfacing direct with MOS, DTL, TTL and other loads. 
The buffer supply terminal P2 is a separate supply which determines the output LOW 
signal only. This provides an output level that is independent of both the amplitude 
and width of the clock pulse. 
With the FDN206, the FDN116 (a quadruple 32-bit shift register) and FDN136 (a 
variable length 1 to 64-bit shift register) shift registers of any required length can 
be built from off-the-shelf parts. 

RATINGS Limitingvalues inaccordancewith the Absolute Maximum System (IEC 134) 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals with reference to PO +0.5 to -30 V 

Power dissipation up to Tam  = 25 ° C FDN206 : Ptot mom• 800 InW 
FDN206A: Ptot max. 625 mW 

Junction temperature Tj max. 150 °C 

Storage temperature Tstg -65 to +150 °C 

Total current through terminal P2 -Ip2 max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient FDN206 R~ j _a = 156 °C/W 
FDN206A: Rth j-a = 200 °C/W 
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FD family FDN206 
FDN206A 

CHARACTERISTICS at Tam _ —55 to +85 °C 

Symbol min. typ. max. 
Conditions and 
references 

Clock rate f~ 0.01 — 1 MHz 

Clock pulse width t L 4 0.45 — 50 µs 
r Seetimingdiagramfor 
`parameter definitions 

Clock pulse fall time t~HL — — 0. 10 µs See note 

Clock pulse rise time t~LH — — 0. 10 µs 

Clock pulse space t~H 0.45 — 50 µs 

Clock pulse voltage level 
HIGH V~ll —2 0 +0.3 V 
LOW V~L —28 —12 —9 V 

Data input logic levels 
HIGH VIH —2 0 +0.3 V 
LOW V1L —28 —12 —9 V 

Data lead time tpI 20 — — ns 

Data hold time thI 75 — — ns 

Supply voltages Vpl —28 —26 —24 V f _< 750 kHz 
Vpl —28 —27 —26 V f~> 750 kHz 
Vp2 —28 — +0.3 V 

Note 

The fall time specified for the FDN206 is to ensure that output data will meet the 
input hold time requirements of other shift registers, when more shiftregisters are 
operating in series from a common clock. If a register does not drive other regis-
ters the clock fall time may be longer. 
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FDN206 
FDN206A 

FD fcmily 

CHARACTERISTICS (continued) 

Test conditions: Vpl = —26 V to —28 V; Vp2 = —12 V to —14 V;Ta~=-55 to +85°C; 
PO =grounded; standard load; 50 pF in parallel with 20 kS2 to Pp. 

Symbol min. typ. max. 
Conditions and 
references 

ELECTRICAL DATA 

Output levels 
HIGH VQH —0.5 — 0 V 
LOW VQL —14 — —10 V 

Data input capacitance CI — 2 3.5 pF bias:Vl=O V;f~= 1 MHz 
Clock input capacitance C¢ — 6 10 pF bias:V~=O V;f~= 1 MHz 

Leakage currents VI = —15 V; all other 
Data input currents —IIL — — 1 µA terminals at Vp0; 

Tam = 25 °C 

V~ _ —28 V; all other 
Clock input current —IdL — — 100 µA terminals at Vp0; 

Tam = 25 ° C 
Output resistance -

HIGH RQH — 250 500 S2 
LOW RQL — 250 500 S2 Vp2 = —5 V 

Drive capability 
(see note 1) VQL — —4. 8 —4.6 V ~ Vp2 = —5 V; RL = 4 k2 

to reference PO 
Supply current 

(see note 2) —Ip2 — 1.0 1.5 mA Vp2 = —13 V; f~ = 1 MHz; 
Tam = 25 °C 

—Ipl — 5.0 8.0 mA Vp1 = —27 V; f~ = 1 MHz; 
Tam = 25 ° C 

Output transition times 

tTHL — 100 — ns fall time 
rise time tTLH — 100 — ns 

Delay times: fall time tDHL — 300 — ns 
rise time tDLH — 300 — ns 

D. C. noise margin ML 1 — — V 
MH 1. 5 — — V 

Note 1 
The maximum capacitive load that can be driven depends only on the speed desired 
and the power dissipation allowable. See the output buffer description on pages 7 and 
8 for further information on output drive capability. 

Note 2 
The output buffer supply current Ip2 is almost entirely dependent on the external 
load. 
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FD family FDN206 
FDN206A 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

a 

data 
input 

0 — — — 256 brt delay 

data 
output 

tTHL ~~ i tTIM 

Note 
The indicated points on the vertical axis are specified in the glossary of terms. 
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FDN206 
FDN206A 

FD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L, 
The time for which the clock pulse is LOW: V¢L < —9 V. 

2. Clock pulse fall time: t HL 
The time between the 1~~ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t¢LH 
The time between the 90~ and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock pulse space: t~H
The least allowable time between the end of one clock pulse (¢) and the start of 
the next. 

5. Data lead time: t~I 
The time before the 10~ point on the clock pulse for which the voltage at the data 
input must be at its specified logic level in order to ensure that the data will be 
entered in the register. 

6. Data hold time: t~ 
The time after the clock pulse ¢reaches LOW for which the input data must re-
main stable to guarantee that it will be entered in the register. 

7. Output fall transition time: tTHL 
The time between the 10~ and 90~ voltage points as the output goes from HIGH 
to LOW. 

8. Output rise transition time: tTLH 
The time between the 90~ and 10~ voltage points as the output goes from LOW 
to HIGH. 

9. Fall delay time: tDHL 
The delay between the clock pulse ¢reaching LOW and the output beginning to 
change from HIGH to LOW. 

10. Rise delay time: tDLH 
The delay between the clock pulse ~ reaching LOW and the output beginning to 
change from LOW to HIGH. 
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FD family FDN206 
FDN206A 

OUTPUT BUFFER DESCRIPTION 

1. The curves below are typical output buffer voltage-current characteristics for 
the FDN206. They show VQ versus IQ for the bias Vpl  at —5 V and —12 V, for 
both HIGH and LOW output. The circuit shown may be used to obtain LOW out-
put curves for other values of Vp2. 

Note: When operating with high output current levels, the maximumpower rating 
must not be exceeded. 

~zss~oe 

Vpy =-12 V  

output LOW 

Vpp = —SV  

output LOW 

 Vpy=—SV or —12V 

output HIGH 

20 

Ia

(mA) 

10 

0 

typical values 

—15 Va (V) 10 —5 

10 

20 
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FDN206 
FDN206A 

FD family 

OUTPUT BUFFER DESCRIPTION (continued) 

2 Biasing circuit A may be used to drive TTL or DTL loads direct. The MOS in-
put logic levels must be referenced to VpO. TR1 and TR2 are the push-pull out-
put driver transistors of the FDN206. 

+SV to-SV or 
-22V -22V +SV 

Biasing circuit A 

ML > 368 mV 
MH > 458 mV 
Steady HIGH state 
dissipation < 13 mW 

3. Biasing circuit B allows the MOS device to be interfaced with TTL or DTL at 
both input and output using only passive interface components. I~Tote that the TTL 
or DTL integrated circuit must be able to withstand +10 V applied to the output 

lead(pointA);mostnon-Rc type circuits of our FC series and most FJ gates sat-

isfythisrequirement.Some open collectorFJgates have aminimum output break-

down voltage guarantee of 15 V (FJH301; FJH311; FJH321). 

+sv 

P3 

  TTL  
-i5V +SV 

2kR 

+SV 

P3

shift egister 
TRH D 

TR2 

A 

2kf1 

+12V 25°/0 

R2 
270R 
R1 

3908 

Resistors: ± 5~ 
ML > 423 mV 
MH > 510 mV 
Steady HIGH state 
dissipation < 55 mW 

Biasing circuit B 

4. To drive MOS loads direct, the bias Vp0 should be between —12 and —14 VtoPp. 

8 January 1971 



FD farraily FDN206 
FDN206A 

TYPICAL PERFORMANCE 

300 

Ptot 

(mW) 

200 

100 

0 
10 

7210726 

Vp~ _ —27 V 
no load 

z 

400 

Rp 

IIII 

300 

200 

100 

0 
-100 

1Oz s 103

7255662 

output resistance 
versus temperature 

0 100 TI°CI 200 

z f~(kHz) 104
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FDN206 
FDN206A 

FD family 

TYPICAL PERFORMANCE (continued) 

104

fs

lH z) 

103

102

10 

7Z 55683 

minimum operating firequency 
versus temperature 

-100 
[ 1 I IN

10o r 
c°c) 

zoo 
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FD family FDN5A6 
FDN516A 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel. enhancemen* mode technology, 

DUAL 32-BIT STATIC REGISTER 

7 114 9 5 

4 I~ 

3 C 

2 Iz 

12 I3

P~ Py Pg Pq 

32 bits ~~ 

Pp 

32 bits ~z 

7255685 

10 16 2 8 

RJ P~ P P3 P4

7 I~ 
32 bits 

Q~ 3 

11 

5 Iz ~z 9 
32 bits 

6 Pp 

~4 

P~ 

7255696 

7255604 

PO connected to the metal bottom P O connected to the metal case 

QUICK REFERENCE DATA 

Supply voltages 
Vpl 

VP2 

-24 to -28 
-12 to -14 

V 

V 

Clock frequency f~ 0 to 1. 5 MHz 

Power consumption per bit at f~ = 1.5 MHz Pav typ. 2 mW 

Operating ambient temperature Tamb -55 to +85 °C 

D.C. noise margin MH, ML > 1 V 

PACKAGE OUTLINE: FND506; 14 lead ceramic dual in -line (See General Section) 
FDN516A; TO-100 (See General Section) 
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FDN 506 
FDN516A 

FD fcmily 

GENERAL DESCRIPTION 

The FDN506 and FDN516A are dual 32-bit static shift registers. They require a single 
phase, low voltage, external clock signal, and may be operated down to d. c. without 

loss of stored information. Both devices utilize common power and clock lines; the 
output buffer supplies are separated to facilitate independent biasing for MOS or TTL 
load drive. 
The FDN506 contains the gating, external SELECT command and data inputs for 

se-

lection of two independent data streams. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals with reference to PO 

Power dissipation up to Tam = 25 °C 

Junction temperature 

Storage temperature 

Total current through terminals P3, P4 

Output current (per output) 

THERMAL RESISTANCE 

From junction to ambient 

FDN506 Ptot 
FDN516A Ptot 

Tj 

Tstg 

-IP3,-IP4 

±IQ 

FDN506 
FDN516A 

Rth j-a 
Rth j-a 

+0. 5 to -30 V 
max. 800 m W 
max. 625 mW 

max. 150 ° C 

-65 to+150 ° C 

max. 40 mA 

max. 20 mA 

= 156 °C/W 
= 200 °C/W 
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FD family FDN506 
FDN516A 

CHARACTERISTICS at Tamb = —55 to +85 °C 

Symbol min. typ, max. 
Conditions and 

references 
Clock rate f~ 0 — 1. 5 MHz 

'See timing dia -

Clock pulse width t~H 0, 24 — 50 µs ~ gram far para-
meter definitions 

Clock pulse fall time t~Hi, — — 0. 10 µs See note 

Clock pulse rise time t~I,H — — 1.0µs 

Clock pulse space t~L 0, 36 — — µs 

Clock pulse voltage level 
HIGH V~H —2 0+0.3 V 

LOW V~L —28 —12 —9 V 

Data/select input logic levels 
HIGH VIH~ VCH —2 0+0.3 V 
LOW VILA VCL —28 —12 —9 V 

Data/select lead time t~ I, tQC 50 — — 

Data/select hold time thI> the 100 — — 

Note: 

The fall time specifiedfor the FDN506 and FDN516A is to ensure tharoutput data will 
meet the input hold time requirements of other registers, when more shift registers 
are operating in seriesfroma common clock. If a register does not drive other re-
gisters the clock fall times may be longer. 
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FDN506 
FDN516A 

FD family 

CHARACTERISTICS (continued) 

Test conditions: Vpl  = -24 V to -28 V; Vp2 =Vp3 =Vp4 = -12 V to -14 V; 

Tamb = -55to+85 ° C; Pp =grounded; standard load : 50 pF 
in parallel with 20 kS2 to P0. 

Symbol min. typ. max. 
Conditions and 
references 

ELECTRICAL DATA 

Output levels 
HIGH VQH -0.5 - 0 V 
LOW VQl, -14 - -10 V 

Data/select input 
capacitance CI, CC - 2 3, 5 pF bias: Vl = VC = 0 V; f = 1 MHz 

Clock input capacitance , C~ - 6 8 pF bias: V~ = 0 V; f = 1 MHz 

Leakage currents 

Data/select input -I11,~ 
VI = VC = -15 V; all other 

currents -ICL - 1 µA terminals a°t VP0 ; 

Tamb = 25 C 
V~= -28 V; all other 

Clock input current -ILL - - 100 µA terminals at Vp0 

Output resistance Tamb = 25 °C 

HIGH RQII - 360 600 S2 Tam = 25 °C 
LOW RQL - 220 500 52 VP3 = VP4 = -5 V;Tamb = 25 °C 

RQL - 330 •. S2 Vp3 =Vp4=-10 V; Taznb=25°C 
Drive capability VQL - -10 - g ~r RL = 4 kS2 to reference PO 

(See note 1) 
Supply current 

V 
QL' 

- -4.7 -4,4 \7 
VP3=Vp4=-5 V; RL=4kS2 
to reference PO 

(See note 2) -Ip2 - 4.0 b, 0 mA Vp2 = -13 V; f = 1.5 MHz; 

'Tamb = 25 ° C 
-Ipl - 3.0 4.5 mA Vpl=-26V; f = 1.5 MHz; 

Output transition times: Tamb = 25 ° C 
fall time tTHL - 80 - ns 
rise time tTLH - 80 - ns 

Delaytimes:fall time tDHL - 260 - ns 
rise time tDLH - 260 - ns 

D.C. noise margin ML 1.0 - - ~r 
MH 1.5 - - V 

Note 1 

The maximum capacitive load that can be driven depends only on the speed desired 
and the power dissipation allowable. See the output buffer description on pages 5 and 
6 for further information on output drive capability. 

Note 2 

The output buffer power supply current is almost entirely dependent on the external 
load. 
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FD family FDN506 
FDN516A 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

0 

DATA/ 
SELECT 
INPUT 

DATA 
OUTPUT 

32 bit delay 

Yt TMI~ 

t tHH —~ 

~ \ 

z s~cs~ tT~H

Notes:

1. Clock pulse ¢ is normally kept LOW. 

2. The data and select inputs must remain valid for the shaded interval to ensure 
proper selection and entry of input data. 

3. Data is kept in the register for arbitrarity long periods by keeping the clock LOW. 

~~ 
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FDN 506 
FDN516A 

FD family 

CHARACTERISTICS (continued) 

GLOS3ERY OF TERMS 

1. Clock pulse width: ~H 
The time for which the clock pulse is HIGH: V~ I-I > -2 V 

2. Clock pulse fall time: t~HL 
The time between the lOJ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: ~LH 
The time between the 90% and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock pulse space: t~ L
The least allowable time between the end of one clock pulse (~) and the start of 
the next, measured at - 9 V . 

5. Data lead time: tQL 
The time before the - 2 V point on the clock pulse for which the voltage at the 
data/select input must be at its specified logic level in order to ensure that the 
data will be entered in the register. 

6. Data hold time: thI 
The time after the clock pulsed reaches LOW(-9V)for which the data/select in-
puts must remain stable in order to ensure that the data will be entered in the 
register. 

7. Output fall transition time: tTHL 
The time between the 10~ and 90% voltage points as the output goes from HIGH 
to LOW. 

8. Output rise transition time: tTLH 
The time between the 90~ and 10~ voltage points as the output goes from LOW 
to HIGH. 

9. Fall delay time: tDHL 
The delay between the clock pulse ~ reaching LOW and the output beginning to 
change from HIGH to LOW. 

10. Rise delay time: tDLH 
The delay between the clock pulse ~ reaching LOW and the output beginning to 
change from LOW to HIGH. 
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FD family FDN 506 
FDN516A 

OUTPUT BUFFER DESCRIPTION 

1. The curves below are typical output buffer voltage-current characteristics for 
the FDN506 and FDN516A. 
The output buffed supply voltages mey be varied between 0 and —14 V according 
to the output voltage swing required. It does not affect the operating speed of the 
register. 

7Z 55693  .L0

typical values 

VP3,VP4=-12V 

output LOW 

 VP3,~P4°-SV 

output HIGH 

-15 
Note 

Va IVI -10 

Ia

ImAI 

10 

0 

-10 

0 20 

When operating with high output current levels, the maximum power rating must not 

be exceeded. 

~~ 
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FDN506 
FDN516A 

FD family 

OUTPUT BUFFER DESCRIPTION (continued) 

2. Biasing circuit A may be used to drive TTL or DTL loads direct. The MOS input 
logic levels must be referenced to VPO. TR1 and TR2 are the push-pull output 
driver transistors ofthe FDN506 and FDN516A. 

-19Vto-23V +SV 

R3 4 

shift egister ~ ~ 

~P~ 
I~ 

*SV±S% -19Vto-23V 

Biasing circuit A 

RL=22±5~k52 

ML > 450 mV 

MII >1.5V 

Steady HIGH state 
dissipation < 1 mW 

3. Biasing circuit Ballows the MOS device to be interfaced with TTL or DTL at both 

input and output using only passive interface components. Note that the TTL or 
DTL integrated circuit must be able to withstand +12 V applied to the output lead 
(point A), most circuits of our FC series (non-Rc types) satisfy this requirement. 
The open collector FJ gates FJH301, FJH311 and FJH321 have a minimum output 
breakdown voltage guarantee of 15 V. 

+sv 

+SV 

R3 

-12V to -16 V +5 V 

P Pa 

shift register 
TR1 

TR2 

R3 

+t2V±5% 

R1 

R2 

71J ~z. ssa. 

R1 = 330 ± 5~ <2 
R2=270±5~2 
ML z 425 mV 
MH > 435 mV 
Steady HIGH state 
dissipation < 63 mW 

Biasing circuit B 

4. To drive MOS loads direct, the bias VP3 and VP4 should be between —12 and —14 V 
to P0. 
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FD family FDN 506 
FDN516A 

TYPICAL PERFORMANCE at PO = grounded; standard load : 50 pF in parallel with 
20 kS2 to Pp. 

Test condition: Vpl = -26 V; Vp2 = -13 V 

6 

-IPA

(mAl 

4 

2 

1255666 

0 
Tamb=-55 C 

/'
+25 

 +g5 

00 

6 

-I P~ 
ImAI 

4 

2 

1 f~ (MHz) 

]255691 

2 

VP2 =-13V 
f~=1.SMHz 

 Tamb="55°C 

  +2~ 

/~~
+g5 

0  
-24 -26 VP~IVI -28 

6 

-I  P2 

(m A) 

4 

2 

1 265690 

0 
Tamb=-55 C 

+25

+g5 

00 

15 

-I P2 
ImAI 

10 

5 

f y~ IMHZ) 2 

'1255692 

VP1--26V 
f ~ =1.SMHz 

Tamb=-55°C !~ 

+25 

+85 

0  
-12 -13 VPpIV) -14 
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FDN 506 
FDN516A 

FD family 

TYPICAL PERFORMANCE (continued) 

Test conditions: Pp =grounded; Vpl  = - 26 V; Vp2 = -13 V 

750 

Ra

~n~ 

500 

250 

0 

7266669 

R QL~ VP3-VP4=-1OV 

RQL;VP3 =VP4=-5V 

RaH 

-50 0 50 100 T°mbI°CI 150 
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FD family FDN526A 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P -channel enhancement mode technology. 

DUAL 100-BIT STATIC SHIFT REGISTER 

gt ~2 

9 I 

100 bit delay 

100 bit delay 

PO 

~5 /Z55~44 

PO connected to metal case 

QUICK REFERENCE DATA 

Clock rate f~ 0 to 3 MHz 

Supply voltage Vpi  —24 to —28 V 

Power consumption per bit 
at f~ = 3 NIHz Pav typ. 2 mW 

Operating ambient temperature Ta>nb -55 to +85 °C 

D.C. noise margin MH, ML > 1 V 

PACKAGE OUTLINE: TO -100 (See General Section) 
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FDN526A FD family 

~~ 

C 

GENERAL DESCRIPTION 

The FDN526A is a monolithic dual 100-bit shift register. The two shift registers have 
each one serial input and output. They operate from common clocks and supply lines. 
The device has low impedance push-pull output buffers, which, when appropriately 
biased, are capable of interfacing direct with MOS, TTL, DTL and other loads. 

The buffer supply terminal P2 is a separate supply which determines the output LOW 

signal only, This provides an output level that is independent of supply voltage Vpl, 

the amplitude and width of the clock pulses. 
All inputs, outputs, supply terminals and clock inputs are protected against static 

voltages. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage on all data inputs, clock inputs, 

outputs and supply terminals with reference to PO 

Power dissipation up to Tamb =25 ° C 

Junction temperature 

Storage temperature 

Total current through terminal P2 

Output current (per output) 

THERMAL RESISTANCE 

From junction to ambient 

Ptot 

Tj 

"rstg 

-IP2 

±1Q 

+0.5 to -30 V 

max. 625 mW 

max. 150 ° C 

-65 to +150 °C 

max. 40 mA 

max. 20 mA 

Rth j -a = 200 ° C /W 
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ED family FDN526A 

DRIVE REQUIREMENTS at Tamb = -55 to +85 ° C; Pp =grounded 

Symbol min, typ. max. 
Conditions and 
references 

Clock rate f~ 0 - 2 MHz Vp 1, V~L=-24 V 
0 - 3 MHz VP 1, V~L=-26 V 

Clock pulse width 1) 
td1L 

0.2 - 10 µs Vpl, V¢L=-24 V 
0. 1 - 10 µs Vpl, V~L=-26 V 

t Q2L 
0. 2 

0.15 
_ _ s 

µs 
Vp V 24 V 
Vpi, V~L=-26 V 

Clock pulse rise time t¢LH - - 0. 5 µs 

Clock pulse fall time t~HL - - 0.5 µs 

Clock delay t~1~2, t~2¢1 0 - - µs 

Clock pulse voltage levels 

HIGH V~H -2 - +0.3 V 

LOW V~L -28 -26 -24 V 

Data input logic levels 

HIGH VIH -2,0 0 +0.3 V 

LOW VIL -28 -12 -9 V 

Data lead time tf I 20 - - ns 

1) See timing diagram on page 5. 
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FDN526A FD family 

CHARACTERISTICS 

Test conditions: Vpl = -24 to -28 V; Vp2 = -12 to -14 V; Tamb = -55 to +85 ° C; 

PO =grounded; standard load: 25 pF in parallel with 20 kS2 to P0. 

Symbol min. typ.l) max. Conditions and references 

Output levels 

HIGH VQH -1 - 0 V 

LOW VQL, -14 - -10 V 

Data input 
capacitance CI - 2 3.5 pF VI = 0 V; f = 1 MHz 

Clock input C~1, C~2 - 17 25 pF V~ = 0 V; f = 1 MHz 

capacitances 
C~1 C~2 

_ 15 22 pF V~ _ -26 V; f = 1 MHz 

Leakage currents 
VI = -15 V; Tamb = 25 ° C 

Data input current -IIL - 1 µA call other terminals at Vp0 

Clock input current -ILL, - - 100 µA ~ V~ _ -28 V; Tamb = 25 °C 
all other terminals at Vp0 

Output resistance 

HIGH RQH - 400 750 ~ VQ = -1 V 

Drive capability VQL, - -11.3 - 8 V RL, = 4 kS~ to Pp; VP2=-5 V 

Supply currents -Ipl - 1. 1 1. 8 mA 
Vpl = -26 V; f = 1 MHz 

Tamb = 25 °C; RL = 1 MHz 

Vp2 =-13V;f=1.5MHz 
-Ip2 - 9. 3 18 mA 

{Tamb = 25 ° C; RL = 1 MHz 

Delay times 

Clock to output tD - 150 275 ns 

D.C. noise margin MH, ML 1 - - V 

1) Typical values measured at: Vpl = -26 V; Vp2 = -13 V; V~L, _ -26 V; Tam = 25 °C. 
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FD family FDN52SA 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

a, 

a, 

DATA 
INPUT 

0 

DATA 
OUTPUT 

Notes 

ta,t 
Le~H~~ • teltr, 

— — 700 bit delay 

1. Data inputs must remain valid for the shaded interval to ensure proper entry into 
the register. 

2. For d. c. operation ~2 should be kept LOW. 
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FDN526A FD family 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: ~L 
The time for which the clock pulse is LOW: V~L = -26 V 

2. Clock pulse space:t~2H 
The time for which the clock pulse ¢Z is HIGH (V~ -2 V). 

3. Clock pulse fall time: t~HL 
The time between the 10~ and 90~ voltage points as the clock pulse goes from 

HIGH to LOW. 

4. Clock pulse rise time: t~LH 
The time between the 90~ and 10% voltage points as the clock pulse goes from 
LOW to HIGH. 

5. Clock delay time: t~l¢2~ t~2~1 
The least allowable time between the end of the ~ 1 (or b 2) clock pulse and the start 

of the ~2 (or ~1) clock pulse, defined at -2 V. 

6. Data lead time: tpI 
The time before the 90~ point on the clock pulse for which the voltage at the data 
input must be at its specified logic level in order to ensure that the data will be
entered in the register. 

7. Delay time: tD 
The delay between the clock pulse reaching LOW and the output reaching its logic 
level. 

6 January 1971 
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FD family FDQ106 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P-channel enhancement mode technology. 

READ/WRITE RANDOM ACCESS MEMORY, 
128-BIT, 64 WORD, 2 BITS PER WORD 

13 4 16 

14 Ai 

12 AZ

11 A 

7 A4 

6 A5 
5 A6

decode 
matrix 

P 

64 bit 
memory 

cell 

64 bit 
memory 

cell 

Pp 

CD P2

Q~ 15 

Qy 3 

write logic 

WC Dp Di 

10 

WC -write contrul; CD =chip disable 

Ai .F! Ap A3 WC D~ 

FDQ106 

Q Z CD Ag A5 A4 D; 

8 g )Z 55323.2 

PQ and metal package 
bottom are connected 

7155322.2 

QUICK REFERENCE DATA 

Supply voltage ~ P1 —26 to —28 V 

Standby power per bit (required clock power) typ. 3 µZ'v' 

Total power consumption at 1 MHz read-rate Ptot ryp. 13~ mW 

Read access time tAR < 1 us 

D.C. noise margin M L, MH > 1 

Data read rate fDR < 1 \IHz 

Data write rate fDW < 1 \IHz 

Operating ambient temperature Tamb —JJ t0 tcSJ oC 

PACKAGE OUTLINE: 16 lead metal -ceramic dual in -line (See general section) 
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FD4106 FD family 

GENERAL DESCRIPTION 

The FDQ106 is a monolithic, 128 bit random access read/write memory. It is or-
ganized as two 64 bit memories with 6 common single-rail address inputs and two 
separate outputs; it is used as a 64 word, 2-bits per word memory. It requires 
a single-phase clock strobe pulse to refresh the data stored in all the memory cells 
simultaneously and to change the data stored in a cell in the write mode. 
It also incorporates a chip disable that inhibits both data inputs and output buffers 
for expanded memory applications. The memory is activated in the write mode by 
applying a write control pulse; at all other times it is in'the read mode. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134 ) 

Voltage on all data inputs, clock inputs, outputs 
and supply terminals, with reference to PO +0.5 to —30 V 

Power dissipation up to Tamb = 25 ° C ptot max. 800 mW 

Junction temperature Tj max. 150 °C 

Storage temperature Tstg —65 to +150 ° C 

Total current through terminal P2 —Ip2 max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j -a = 156 ° C /W 
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FD family FDQ106 

CHARACTERISTICS at Tamb = -55 to +85 °C 

Symbol min. typ. max. 
Conditions 

and references 

Data read rate fDR - - 1 MHz 

Data write rate fDW - - 1 MHz 

Strobe rate f~ 0.01 - 1 MHz 

see timing 

Strobe pulse width t Il 
~ 

0.08 - 5µs 
diagram for 
parameter 
definitions 

Write control pulse width tWi, 0. 5 - 10 µs 
Write control and 

tWLH - 0.1µs 
strobe pulse rise time: 

~ 

t~LH 

_ 
- 0.1µs 

fall time• tWHL 0.1µs 

t$HL - - 0.1µs 

Write control and strobe 
pulse voltage levels: 
HIGH VWI.I; V~H 

-2 0+0.3 V 
LOW VWH; V~L -28 -27 -26 V 

Address, data, 
and chip disable 
input logic levels: 
HIGH VAH• VDH• VCDH - 2 0+0.3 V 
LOW Vp,L, VDL. VCDL -28 -12 -9 V 

Write address lead time tRWA 0.35 - - µs 

Strobe address lead time tp~~, 0.76 - - µs 

Strobe write lead time tPW~HL 0. 40 - - Ns 
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FD4?06 FD family 

~—
r—

CHARACTERISTICS (continued) 

Test conditions: Vpl = -26 V to -28 V; Vp2 = -12 V to -14 V; Tamb = -55 to+85°C; 

PO =grounded; standard load: 50 pF in parallel with 50 kS2 to P0. 

Symbol min. typ. max. 
Conditions 

and references 

ELECTRICAL DATA 

Read access time tAR 0.2 0. 5 1.0 µs 

Data output logic levels 
HIGH VQH -1.0 - 0 V 
LOW VQL -14 - -10 V 

Address and data input 
capacitance CA , CD - 4. 5 6.0 pF bias: VA;VD= 0 V; f~= 1 MHz 

Chip disable input 

capacitance CCD - 7.0 9.0 pF bias• -c CD = 0 V; f~i= 1 MHz 
Strobe input capacitance C~ - 56 68 pF bias: V~ = 0 V; f~= 1 MHz 

C~ - 28 35 pF bias: V~ _ -26 V; f~= 1 MHz 
Write control input 

capacitance Cdr - 7.9 9.2 pF bias: VWC = 0 V; fop= 1 MHz 
Cdr - 5. 8 7.0 pF bias: VpyC = -26 V; f~ = 1 MHz 

Data output capacitance CQ - 3.5 4.5 pF bias: VQ = OV; fQ= 1 M;L 

Leakage currents: 

Address, data, chip (bias:VA;VD;VCD=-15V; 
disable input currents -IAL~ IDL: 1CDL - - 1 µA lsee note 2 

Strobe and write (bias: V~;V"y~C = -28 V; all 
control input currents -ILL, -Iyyl, - - 100 µA l see note 2 

Output leakage current -IQ - - 10 NA (VQ - 10 V;o D =LOW 

Output resistances: 
lTamb = 25 C 

HIGH RQH - 250 600.52 
LOW RQL - 250 600 S2 Vp2 = -5 V 

Power supply current Vpl = -28 V 

drain : at Vp 1 -Ipl - 4.5 7.5 mA f~ = 1 MHz 
Tam  = 25 °C 

fVp = -13 V 
at Vp2 -Ip2 - 0.8 1.0 mA f~ ~ 1 MHz 

(see note 1) Tam  = 25 °C 
Output transition times: 

fall time tTHL - 100 - ns 
rise time tTLH - 100 - ns 

D.C. noise margin MI,, HM 1 - - V 

Notes 

1. Ip2 is almost entirely dependent on the external load. 

2• Tamb = 25 °C; all other terminals at VP0 
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FD family FDQ106 

CHARACTERISTICS (continued) 

STAND-BY POWER CONSIDERATIONS 

If the FDQ106 is to be kept in stand-by condition with all d. c. power to it shut off, 
the stored data can be preserved by maintaining a 10 kHz strobe clock rate. 
Since essentially all d, c. power dissipation is in the address input inverters, decode 
circuits and output buffers, the powerrequiredto preserve the stgreddata is limited 
to reactive strobe power and whatever leakage current occurs at the strobe input 
lead. Since the reactive strobe power is frequency dependent, the lowest allowable 
frequency should be used for stand-by operation. A strobe frequency of less than 
10 kHz may be used if the ambient temperature is less than +85 °C. 
D.C. power may be switched on and off only at those moments when a change of 
address is also allowable. 
After re-application of d. c. power, a series of about 10 strobe pulses is required 
before the circuit is fully operational. 

November 1970 5 



FDQ106 FD family 

CHARACTERISTICS (continued) 

TIMING DIAGRAM 

ADDRESS 
INPUTS 

STROBE 

PULSE 

-26 

DATA 
OUTPUTS 

ADDRESS 
INPUTS 

DATA and 
CD INPUTS 

0 

WRITE CONTROL 
PULSE 

STROBE 
PULSE 

DATA 

OUTPUTS 

RIBA  ► LBLR f tHN 'y ~i NL ftnHA 

r~ 
LAR 
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FDfamily FD4106 

CHARACTERISTICS (continued) 

Timing diagram notes 

1. To avoid destroying data in non-addressedmemory cells, the address inputs must 
not be made to change state during the shaded intervals in the timing diagrams. 

2. When the CD input is LOW, the WRITE logic is inoperative and the output is float -
ing. The CD input affects the output directly, with a propagation delay of about 

100 ns. It may change state an any time except during the shaded interval in the 
timing diagram. 

3. No strobe pulse is required during a READ cycle; however, a minimum strobe 
frequency of 10 kHz is required and strobe pulses may occur during READ cycles 

if the requirement of note 1 is observed. 
4. To write into the device, a WRITE control pulse and a strobe pulse are required, 

and the CD input must be HIGH. 
During a WRITE cycle the memory outputs are active and the new data will appear 
at the outputs after tDWQ (< 200 ns). 
However, data is actually written into the memory cell by the trailing edge of the 
strobe pulse. 

5. Wheter they are in READ or WRITE cycles, all memory cells are simultaneously 
refreshed during a strobe pulse. No cycling through addresses is required. 

6. If the address inputs remain unchanged, the data outputs appear as d. c. levels, 
no return to zero. 

GLOSSARY OF TERMS 

1. Strobe pulse width: t~H 
The time for which the strobe pulse is in the HIGH state (~ is nominally LOW) 

2. Write control pulse width: tWL 
The time for which the WRITE control pulse is LOW (V~yL < -26 V) 

3. Pulse fall time: tWHi, and t~HL 
The time between the 10 ~ and 90 °/-o voltage points as the pulse goes from HIGH to 
LOW. 

4. Pulse rise time: tWLH and t~LH 
The time between the 90 ~ and 10 ~ voltage points as the pulse goes from LOW to 

HIGH. 
5. Strobe address lead time: tp~A 

The time before the 10 °Jo strobe pulse voltage point for which the address must be 
pre sent. 

6. Write address lead time: tpy~A 
The time before the 10 %write control pulse voltage point for which the address 
must be present. 

7. Write data lead time: tp WD 
The time before the 10 ~ write control pulse voltage point for whichthe data must 
be present at the data inputs (tpWD > 0) 

8. Read access time: tAR 
After the address inputs reach the correct level, the time that elapsesbeforethe 

outputs start to change state. 
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FD family 

CHARACTERISTICS (continued) 

9. Write -pulse -to-output propagation time: tDWQ 
After the write control pulse reaches the LOW state, the time that elapses be-
fore the outputs start to change state. 

10. Output fall transition time: tTHL 
The time between the 10 %and 90 %voltage points as the output goes from HIGH 
to LOW. 

11. Output rise transition time: tTLH 
The time between the 90 %and 10 %voltage points as the output goes from LOW 
to HIGH. 

12. Write address and write data hold times: thWA and thWD 
The time for which the write control pulse must be in the HIGH state before the 
address or inputs may change state (thWA ? 0 and thWD > 0). 

13. Strobe address hold time: th~A 
The time for which the strobe pulse must be LOW beforetheaddressmaychange 

state (th~A _ 0) 
14. Write control-strobe pulse lead times: tpW~LH and tpyy~HL 

The time before the 10 %voltage point on the strobe pulse leading edge, or the 
90 %voltage point on the strobe pulse trailing edge, for which the write control 
pulse must be in the LOW state (tpW~LH = 0 > tQW~HL _> 400 ns). 

15. Write control-strobe pulse hold time: thy~r~ 
The time after the strobe pulse has returned to LOW for which the write control 
pulse remain LOW (thW~> 0). 
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FD family FDQ102 

OUTPUT BUFFER DESCRIPTION 

The output buffers used on the FDQ106 are identical to these used on the FDN106, 
FDN116, FDN126 and FDN136 dynamic shift registers. The VQ versus IQ charac-
teristics shown in the data sheets for these shift registers also apply, therefore, 
to the FDQ106. The Vp supply voltage may be varied between 0 and -28V according 
to the load requirements. 

1. Biasing circuit A may be used to drive 
MOS loads. 
Normal MOS input signals must drive 
the address and other input signals in 
accordance with the specified electrical 
characteristics. 

-z7v to 
OV -27V -12Vto-27V 

Biasing circuit A 

2. Biasing circuit B allows the MOS device to be interfaced with TTL or DTL at both 

data inputs and data outputs. Note that the TTL or DTL integrated circuit must 
be able to withstand +12 Vapplied to the output lead, most of our FC gates I) and 
FJgates 1) satisfythisrequirement. Soma opencollector FJ gates have a minimum 
output breakdown voltage guarantee of 15 V. (I) non -RC types) 

+SV 
-15V to+12V -15Vto+12V -15V 

C 
I~ 

P 

TTL 
inputs 

+5V 

Ri 

A= 

A3 

Ap 

A, 

LD 

FD0706 

read/ 

write 
memory 

Fj

~ R2 R2 

03 O  ~ —

R7 

0 

R R R R R R R 

T T I I T I T R=2kn 
+12V 

R3 

T 
-15V±590 

R3 

i 

T 
-15V±5% 

+SV 

I~

+SV 

~~

TTL 

%l/i .553~3~ 

Fan-out = 1 Fan-out = 2 
R1 = 1.2 k52 1 MH = 600 mV RI = 560 S2 MH = 450 mV 
R2 = 1 kS2 ML = 750 mV R2 = 1 kS2 ML = 500 mV 

~ 

R3 = 10 kS2 
Ii 

PHIGH ~ 13 mW R3 = 4.7 ld2 PHIGH =41 mV 

Biasing circuit B 
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FDQ106 FD family 

TYPICAL PERFORMANCE 

200 

Ppi

(mW) 

150 

100 

50 

~Z 553fie 

Vp3 --28V 

i
—100 0 T°mbl°C) 

EXPANDED MEMORIES 

D, 
Dz 

A~ Oi

A2 .o 
A3 0 

0 
Ao 0 
AS 
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Dt 
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A, a, 
AZ m 
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0 
Ac o 
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200 

100 

0 

7Z 557691 

—100 0 100 T(°C) 200 

bit 3 
D. 

DZ 

Ai

AZ

A~ 

0, 

As 

0 0
Dit 2 

Afi 

WC 

CD 

Dt 

Dz 

A~ 0 3

Al 

A3 O 

A4
0 
p 

Afi 

A5 4z 

WC 

CD 

64 word, Obits per wor' 128 word, 2bits per word 

A LOW state at the chip disable input will cause both push-pull output buffers to 
turn off. In the off state, the output impedance of the output transistors becomes 
very high (approximately 5 MSt) making it possible to use wired-or configurations 
with other FDQ106 outputs. 
Chip disable also inhibits write, which allows common bussing of data input lines. 
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The FD family is a series of complex lnonolithic integrated circuits utilizing MOS 
P -channel enhancement mode technology. 

READ ONLY MEMORY, 256 WORD, 9 BITS PER WORD 

23 24 

61 

5 A l

6 A2

7 A3

B A4 

9 A 5

10 Ag

11 A7

12 AB 

address 

decoder 

2 

memory 
matrix 

~2 

22 

21 

'~l~ B p 

4 3 20 

- V B3

Q4 19 

~V 84

4 5 18 

V 85 

4 6 17 

~/B6 

n7 16 

- Y B7 

Pp 

~8 15 

Qg 14 

I O9 
C2 

13 ]zsvxst 

24 23 22 2t 20 19 1B 17 16 15 14 t3 

Pt C1 Q1 Q2 Q3 Q4 QS Q6 07 QB Q9 C2 

FDR106Z... 

Pp n.c. PJ1 Pl2 Al A2 A3 A4 AS A6 A7 Ag 

(J U U U U U U U U to 11 1z 
]Z55324.1 

QUICK REFERENCE DATA 

Read access time tAR max. 1 µs 

Clock rate f~ max. 1 MHz 

Power dissipation at f~ = 1 MHz P~ typ. 90 mw 

D.C. noise margin M L ~ MH > 1 V 

Operating ambient temperature Tamb -55 to +8S oC 

PACKAGE OUTLINE 24 lead ceramic dual in-line. (See General Section) 
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GENERAL DESCRIPTION 

The FDR106Z is a monolithic 2304 bit read only memory. When ordering an 
FDR106Z the customer must sendabitpatternmatrix(see example on pages l0 to 15) 
with the desired content. For performance evaluation, we can supply specimens of 
FDR106Z1, which is identical to the FDR106Z but contains a bit pattern of ouro~vn. 
The FDR106Z requires a two phase clock, but the outputs remain steady as long as 
the address remains unchanged. The normal configuration is as a 2~6 word, 9 bits 
per word, parallel output ROM. However, by means of two output inhibit controls it 
can be set up for 512 4-bit words. 
The memory matrix is programmed with the aid of a mask pattern during manu-
facture. The only d.c. supply is the output buffer supply, which is variable and can 
be biased to drive bipolar output loads direct. 
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FDR106Z1 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) ~—

Voltages on all data inputs, clock inputs, outputs 
and supply terminals, with reference to PO +0.5 to —30 V 

Power dissipation up to Tam  = 25 ° C Ptot max. 1 W 

Junction temperature Tj max. 150 ° C 

Storage temperature Tstg -65 to +150 °C 

Total current through terminal Pl -Ipl max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 125 ° C/W 

f —
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CHARACTERISTICS at Tam _ -55 to +85 oC 

ELECTRICAL DRIVE 
Symbol min. typ. max. 

Conditions 
and references RE UIREMENTS Q 

Clock rate 

Clock pulse width 

f~ 

t 1L ~ 

0.01 - 

0.50 - 

1.0 MHz 

5.0µs 
see timing diagram 
for parameter def-

C~2L 0.35 - 5.0µs 
initions 

Clock pulse fall time t~liL - - 0.10 µs see note 

Clock pulse rise time t~LH - - 0.10 µs see note 

Clock delay time t~1~2 0 - 45 µs 

Clock delay time t~2~1 0 - 45 µs 

Clock input voltage level 
HIGH V~H -2 C ~-0.3 V 
LOW V~L -28 -26 -24 V 

Adress input and output 
inhibit input logic 
levels: 
HIGH VAH, VCH -2 0 +0.3 V 
LOW VA L, VCL -28 -12 -9 V 

—+ Note 
At frequencies higher than 800 kHz, ~1Lmin and ~2Lmin will be determined by 

~LHmax and t~HLmax• 
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CHARACTERISTICS 
Test conditions: Vpl = -12 V to -14 V; Tam _ -55 to+85 °C;PO =grounded; stan-

dard load: 30 pF in parallel with 150 kS2 to P0. 

ELECTRICAL DATA Symbol min, typ. max. Conditions 
and references 

Output levels: 
HIGH VQl l -1 - 0 V 
LOW VQI, -14 - -10 V 

Address input capacitance CA - 3.2 4.0 pF bias: VA =0 V;f~=1 MHz 
Output inhibit input 

capacitance CC - 5.0 6.0 pF 
Clock input capacitance Cpl - 15 17 pF bias:V~;UC=O V;f~=1 MHz 

C~2 - 18 21 pF 

CSI - 8.1 10.5 PF bias:V =-26V;f~=1 MHz 
~ C~2 - 11.2 14.5 pF ~ 

Output capacitance CQ - 4.0 5.0 pF bias:VQ =OV;f~=1 MHz 

Leakage currents: 

Address input and 
output inhibit input 
currents -I °̀'L' - - 1 µA Vp, = VC = -15V 1) 

-1CL 
Clock input current -ILL - - 100 µA V~ _ -28 V 1) 

( VQ=-lOV;VC I=VC2=LOW 
Output current -IQ - - 10 µA t Tamb = 25 °C 

Output resistance 
HIGH RQH - 700 - 2 
LOW RQL - 300 - S2 Vp l  = -5 V 

Clock power dissipation 
(see note 1) P~1 Pd2 - 36 - mW f¢ = 1 MHz 

Input current Vp 1 = -13 V 
(See note 2) -Ipl - 4. 8 - mA ~ f,~ = 1 MHz 

t -~"amb = 25 ° C 
Output transition times: 

fall time t'I'HL - 100 - ns 
rise time t'TLH - 350 - ns 

Delay times: fall time tDHL - 20 - ns 
s 

rise time tDLH - 20 - ns 

D.C. noise margin ML, MH 1 - - V 

Note 1: No d. c. power is dissipated in the decoder or memory matrix; the quoted 
power dissipation is a. c. only. 

Note 2: Ipl  is almost entirely dependent on the external load. 

1) Tam = 25 ° C; all other terminals at Vp0. 
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CHARACTERISTICS (continued) 

TIMING DIAGRAM 

~1 

.02

t 0 H L—"i 

-26 —

t$1L 

s~ ~ ~~— tb'LH 

tN1E2 

-26 —

address 
inputs 

data 
outputs 

-10—

tF12L 

_y 
tDHL 

~ —tA2E1 

tTHL 

s--

tLA 

tCL —► 

--► 
tLA 

_ i
tOLH ~—

tTLH ~z 553ss.z 

  tAR 

address and output inhibit timing requirements: 
L .-address input signals are clocked into the memory during ~1 , and must remain 

present throughout ~I. Address lead time (tpA ) must be >0. 
2. Output inhibit signals act ~~~ithout delay. If output signals are to he read during 

phase I, output inhibit signals must be delayed with respect to their associated 

address until phase ? (tCL) 
3. The output signals remain steady for as many clockcycles asthe address and output 

inhibit signals remain unchanged. 

Note: 

The indicated points on the vertical axis are specified in the glossary of terms. 
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CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L, 
The time for which the clock pulse is LOW; V~ < —24 V 

2. Clock pulse fall time: t¢~HL 
The time between the 10~ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t~LH 
The time between the 90% and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t~1~2; t~24~1 
The least allowable time between the end of the ~1 (or ~2) clock pulse and the 
start of the ~2 (or ~1) clock pulse, defined at —2 V . 

5. Fall delay time: tDHL 
After the clock pulse ~Z reaches LOW, the time that elapses before the output 
starts to change from HIGH to LOW. 

6. Rise delay time:tDLH 
After the clock pulse ~2 reaches LOW, the time that elapses before the output 
starts to change from LOW to HIGH. 

7. Output fall transition time: tTHL 
The time between the 10~ and 90°J~ voltage points as the outputgoes from HIGH 
to LOW . 

8. Output rise transition time: tTLH 
The time between the 90~ and 10°Jo voltage points as the output goes from LOW 
to HIGH. 

9. Output inhibit time: tCL 
The minimum time that the output inhibit signal must be present during ~2 in 
order to inhibit the output, defined at —2 V. 

10. Read access time: tAR 
The time between the 90%point on the negative going edge of the clock pulse ¢1 
and the time at which the output is present, defined at 90~. 
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OUTPUT BUFFER DESCRIPTION 

The only d.c. supply required is V pl. the push-pull output buffer supply. Vpl may 

be varied between 0 and —28 V according to the output voltage swing required. It 

does not affect the operating speed of the memory. 

1. Biasing circuit A is used when driving MOS loads. Normal MOS input signals 
must drive the address and inhibit inputs. 

OV to -26V 

Biasing circuit A 

2. Biasing circuit B is used when driving TTL or DTL loads direct from each output 
buffer. 
Note the neither active nor passive interface components are required. The cir-
cuit assumes MOS input excursions from +5 V (Vpp) to S 4 V. 

+6V 

TTL 

+SV 

TTL 

+~zv 
.6q 

1 
2k11 

T

+ttV 
i6% 
1 

A, 

A2 

A~ 

AB

2kn c, 
Z' CZ 

+12V to -14V 
~~1 OV 

~, ~p P, 

FDR706Z 

read only 
memory 

r-

0, 

49 

Po

N2V+6% 

R2 

R1 

R1 

+6V 

R2 

R3 

T-~4v 
26% +iV 

TI

R3 

-uvT 
x5% 

Biasing circuit B. 

Note: The negative voltage is 26 V ± 5~ below VPO. 

Py 

R1 = 910 52 
R2 = 1. 8 ld2 
Rg =8.2M2 
all resistors: ± 5~ 
ML = 600 mV 
MH = 460 mV 

ptotI-IIGH ~ 200 mW 
per output 
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WIRED-OR APPLICATIONS 

Use of wired -or output capability: 
Applying a LOW signal to the output inhibit leads will cause both of the push pull 
output transistors associated with each output driver to turn off. Their output im -
pedances are then very high (about 5 M~2) and they can be wired -or with other ROM 
output buffers without affecting the output drive capability of any buffer operating in 
the lowimpedance mode 1). Cl controls output buffers 1 to ~, and C2 controls output 
buffers 6 to 9. This output inhibit wired-or capability makes it possible to use the 
FDR10oZ type ROM in many different applications, such as those shown here. 
Note that the terminals Ag and Ag although shown as address inputs, must actually 
be output inhibit signals synchronous with the addressed data word rather than the 
address. 

ROM 
X12 word 
-1 bits 

ROM 
X12 word 

9 bits 
Ag 

O 

O 
O 

O 

O 

O 

0 
O 

Ai Qi

Az ~ az 
A3 ~ 43 

AL a 4 4 

AS «'. p6

A6 ~ ~6 

A7 ~ ~7 

A8 ~ ~6 

C~ Oq 

CZ 

Ai 

Ag

A3

A4

AS
A6

A~ 

A6

(] ~ 

g  ~2 

~ 4 3 K 

w 04 n 

~6 
N ~6 

~ ~7 

~ oe LL
c, Og 

CZ

A, o, 
A2 ~ 4 2 

A3 ~ ~3 

AL 2 44 

AS DS

'Q6 N ~6 

A7 ~ ~7 

'Q8 ~ ~6 

~~ ~9 

Vz 
)Z 55359 

 O 
 O 

 O 

 O 

 O 

 0 

1) Except for the effect of leakage current and capacitive load. 
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PROCEDURE FOR ORDERING ASPECIAL BIT PATTERN 

To ensure accuracy when ordering a special bit pattern for a Read Only Memory 
(ROM) mask, customers should make use of the form on page 12. Four forms are 
needed for 256 word memories, The completed forms enable us to transfer any de-
sired bit pattern into a standard ROM without error. After receipt of the forms our 
procedure is as follows: 
1. An IBM card is punched for each row of each sheet of the form.. (If he prefers to 

do so, the customer may punch his own cards and supply them to us, provided 
their format is identical with that of the forms). 

2. The punched card are incorporated in a computer program that originates the 
following: 
- a duplicate of the ordered bit pattern, for verification. 
- a control tape for programming final electrical testing of the customers 's 

ROM. 
- a control tape embodying the ordered pattern of ones and zeros to govern the 

movement of the automatic plotter used in mask making. 
3. The computer print-out is checked against the original order forms; a copy is 

also sent to the customer for his verification and signature. 
4. Upon receipts of the customer's signed verification, full scale masks embodying 

the desired pattern are made. 

INSTRUCTION FOR COMPLETING THE FORMS 

A. Customer block: ON EACH FORM 

Enter Name, Date and Authorized  Signature in the spaces provided. 

B. The ADDRESS INPUTS and CONTENTS 

Each page of the ROM Bit Pattern Form is laid out for 64 consecutive words; 16 
in each of the four columns (00, O1, 10 and 11). 

1, ADDRESS INPUTS 

a) There are nine Address Inputs; the right-hand bit is always bit 1 and is the 
least sifnificant bit; the left-hand bit is bit 9, it is the most sinificant.The 
Address Input leads on the ROM package are labelled Al, A2, etc., to 
correspond. 

b) The states of bits 1 to 4 are listed consecutively down the page. The state of 
bits 5 and 6 are at the head of each of four output columns. The Address Input 
of 64 consecutive words are thus uniquely specified on each page. 

c) Bit 7, 8, and 9 (or bits 7 and 8 only, for 256 word memories) specify sets of 

memory locations, 1 set of 64 words per page. These spaces should be filled 

by the customer using a consecutive full binary code. The first position on 

page 1 of your specification should be three (or two) zeros. 1) 
Memories of 256 words need 4 pages, of specifications. 

d) Only ones (1 =LOW) or zeros (0 =HIGH) should be used in completing the 
form except where, as with 256 word memories, column 9 is unused and is, 
therefore, left blank. 

See example on page 12. 
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2. CONTENTS (DATA OUTPUTS) 
a) Each column has provision for words of 9 bits numbered 1 to 9, bit 1 is al-

ways the right-hand bit. The output leads of the ROM package are labelled 

Q1. Q2. etc., to correspond. 
b) The requisite bit pattern should be inserted under headings 1 to 9 using only 

ones (1 =LOW) and zeros (0 =HIGH). 

3. AUTHORIZED SIGNATURE 
Having completed the bit pattern, the customer should check that the forms are 
numbered, dated, and signed, as they constitute formal evidence of his request. 
In the event that the customer provides his own punched cards the signature on 
the computer duplicate. will serve as formal evidence. 

December 19b9 
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APPLICATIONS 
The bit patterns stored in the FDR106Z1 allow this ROM to perform the following 

functions: 

1. STARBURST ALPHA-NUMERIC CHARACTER GENERATION 

Generation of activating signals for h4 17-segment starburst pattern character 
using an ASCII input code (128 words). 

2. STARBURST PATTERN GENERATION 

Generation of x and y deflection signal to produce a 22 stroke starburst pattern 
on a CRT (22 words). 

3. SEVEN SEGMENT DECODE NUMERIC BLANKING CHARACTER 

GENERATOR (16 WORDS) 

4. SELECTRIC TO ASCII CODE CONVERSION 

Conversion of IBM selectric input/output writer keyboard code to ASCII code with 
even or odd parity (88 words). 
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PATTERN 1 

STARBURST CHARACTER GENERATION 

For a starburst character, 17 activating signals are used for the 17 segments of the 
pattern. Since only 9 output lines are available in the FDR106Z1, the complete bit 
pattern for each character must be stored in two 9-bit words; thus a total of 
128 words are used for 64 characters. Fig. 1 shows the segments controlled by the 
output bits of the first (S) and second (T) word for each character. The S word con-
tains 9 segment signals and the T wor-d 8. The nineth bit of ROMT(T6)isnotused.A 
logic 1 output signal (nominally —12 V) represents an activated (ON) segment signal. 
The starburst character generation function is selected by setting address bit Ag to 
0 V (V p0 or HIGH signals). Swords are selected by setting address bit A5 to 0 V 
(HIGH) and T words by setting address bit A5 to —10 V (LOW). 
Address bits A1 , A2, A3, A4, A6 and A7 are used to select any one of the charac-
ters. The input character code is a subset of the standard ASCII 7 bit code derived 
by using ASCII bits bl, b2, b3, b4, b5 and b7 according to the following table: 

FDR106Z1 
address input ASCII bit 

sa s~ 

Al 
A2 

b4 
bg 

T3 T4 TB /T9 56 

A3
A4 
A6 
A7

b2
bl
b5 
b7 59 

r2 ~ O T1 

55 57 T7 \TS 

e 
S2 53 54 

7Z 55353 

Fig. 1 starburst pattern 
segments 
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—~ PATTERN 1 (continued) 

OV—

OV — 

OV—

n.c. 
0~~ 
B'z 
A~ 

Ap 

A3

A4

AS 

Ag

A~ 

Ae 

(5) 

F
D
R
1
0
6
Z
1
 

P~ --12V 
C~—OV 
pt  ► 51 
d2  ► 52 
p3 —~► S 3 
p4 ► S4 
p5  ► S5 
pfi  ► S6 
p~  ► 57 
pg  ► S 6 
pg  ►S9 
CZ

OV-

-12V—

OV—

Pp 

n.c. 

a'~ 

g2 

A~ 

AZ

Ag 

Aq 

'4g 

A6

A7 

Ag 

(TI 

N 

0 

P~ --12V 
Ci — OV 
p~  ►T1 
pp 

ps 

pa 

ps 

p5 

p~ 

pg 
pg 

Cy 

[) () 

7 5 4 3 2 
ASCII bit number 

 ► T2 
 ► T3 
 ► T4 
 ~ TS 
 ►T6 
 ►T7 

 ► T8 
 ►T9 

OV 

7255360.1 

~ to segment 
/-- of 

fig.1 

typical segment 
driver arnplifier 

Fig. 3. Wiring diagram for segment activation of a 17 segment 

illuminated display 
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PATTERN 2 

2. 1 STARBURST STROKE PATTERNS GENERATION 

In this configuration, the ROM is used to produce x and y deflection signals to gen-
erate the pattern of Fig. 4 on a CRT. For this purpose the FDR106Z 1 is connected as 
shown in Fig. 5, with certain of the ROM outputs connected back to the address in-
put lines 1). Each word in this sequence contains (in addition to the x and y steering 
signal outputs for a CRT) the address o1.' the next word of the group used for this 
function. One clock power is applied, the memory steps in turn to a next word of 
the group each clock period and will thus continuously cycle through the group, as 
shown in Fig. 6 where the address and contents (outputs) of each word are sequen-
tially listed. The +x, —x, +y and —y signals are rate signals and must be integrated 
as shown in Figs. 7a, b and c to produce the x and y deflection signals for a CRT. 

3 4 

(131 

121 
19 

18 14 12 5 

20 21 

1 10 15 17 6 

(16) —► 
~—~~ 

8 
7Z 55354 t 

ROM 
outputs 

OV — - -12V 
—OV 

Po 
n.c. 

S'~ 

s'z 

P1 

C1

Q1 

az 
b1 ► y 
R! 2 ► +y 

a, N ~3 ► ► X 

Ap 0 ~4 ► +x 

OV — 

-12V-
A3 

A4 
O 
u_ 

~5 

~6 
A5 Q~ 

A6 48 

A~ Q9 
-12V— Ag CZ —OV 

7Z 55351.1 

Fig. 4 Starburst stroke pattern Fig. 5 Wiring diagram for starburst 
stroke pattern generator 

I) In doing so, the ROM runs at the ~l , ~2 
clock-rate throughasequence of ?2 addresses. 
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PATTERN 2 (continued) 

Address bits Seg-
ment 
of 

ROM contents 

Fig.4 +x -x +y -y 

A8 A7 A6 A5 A4 A3 p'2 Al Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Q1 

1 1 1 1 1 0 1 1 1 0 0 1 1 1 0 0 1 0 
1 0 0 1 1 0 1 1 2 0 1 0 1 1 0 0 1 0 
1 0 1 1 1 0 1 0 3 0 0 0 1 1 1 0 0 0 
1 0 0 1 1 0 1 0 4 0 1 1 0 1 1 0 0 0 
1 0 1 1 1 0 0 1 5 0 0 1 0 1 0 0 0 1 

1 0 0 1 1 0 0 1 6 0 1 0 0 1 0 0 0 1 

1 0 1 1 1 0 0 0 7 0 0 0 0 1 0 1 0 0 
1 0 0 1 1 0 0 0 8 0 0 0 0 0 0 0 0 0 
1 0 0 0 1 0 0 0 9 0 0 1 0 0 0 1 0 0 
1 0 0 0 1 0 0 1 10 0 1 1 0 0 1 0 1 0 
1 0 1 0 1 0 0 1 11 0 1 1 1 1 0 0 0 0 
1 0 1 1 1 0 1 1 12 1 0 1 1 1 1 0 1 0 
1 1 0 1 1 0 1 1 13 1 1 0 1 1 0 1 0 0 
1 1 1 1 1 0 1 0 14 1 0 0 1 1 0 0 0 1 
1 1 0 1 1 0 1 0 15 1 1 1 0 1 0 0 0 1 
1 1 1 1 1 0 0 1 16 1 0 1 0 1 1 0 0 0 
1 1 0 1 1 0 0 1 17 1 1 0 0 1 0 1 1 0 
1 1 1 1 1 0 0 0 18 1 0 0 0 1 0 1 1 0 
1 1 0 1 1 0 0 0 19 1 0 0 0 0 0 0 0 1 
1 1 0 0 1 0 0 0 20 1 0 1 0 0 1 0 0 0 
1 1 0 0 1 0 0 1 21 1 1 1 0 0 1 0 0 0 
1 1 1 0 1 0 0 1 22 1 1 1 1 1 1 0 0 1 
1 1 1 1 1 0 1 1 1 0 0 1 1 1 0 0 1 0 

Fig.6 Starburst pattern sequence 

+x 

Note: 1 = i3OW; 0 = HIGH 

-x 

~~ 

x gross ~ 
deflection 

Fiu. 7a x integrator circuit: 
identical circuit for y 

x deflection 
voltage 

7Z 55350.2 

i 
~' 
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PA1"1'~,RN 2 (continued) 

segment 1 2 3 

FDR106Z1 
outputs 

x deflection 
voltage 

+x 

4 5 6 7 8 9 

+y 
FDR106Z1 
outputs 

y deflection 
voltage 

10 11 12 13 14 15 16 17 18 19 20 21 22 

Fig.7b and 7c x and y deflection signal generarion 

2.2 Generation of blanking signal 

0~  

H2  

-12Y OV 

b4  s 

b; 

ASCII b2  
bit number b~  a 

(b„) -12V—
b6 

b~ ~ 

OV—
OV —

OV — 

parallel 0
load/shift j 
control 

~ 2 21~ P~ Po
A~ 

AZ 

Ag 

A4

AS FDR706Z1 
A'6 IT) 
A~ 

Ag 

C~ 

C2 

D1 D2 03 ~4 OS 46 47 Q8 ~9 

r 
0 

r 

-12V OV 

b 
b3

b2

b~ 

OV 
b5 ~ 
b 

OV—

OV —

OV 

~2 
A~ 
A2 

A3

A4

A.6
A6

A~ 

A6

Ci 

C2 
D~ D2 Q3 D4 O6 Q6 0~ Q6t7 

S~ P~ Pp 

FDR106Z1 
(S) 

in 

22 21 20 19 18 7 16 5 14 13 12 11 10 9I8 4 3 2 

F Ig . s 
^2553 1.2 

'1Z 55363.2 

serf Q OUtpUt 

to blanking 
control for CRT 
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FDR106Z 
FDR106Z1 

FD family 

--► PATTERN 3 

SEVEN SEGMENT DECODE 

This portion of the FDR106Z1 generates seven driver signals, a zero indicator sig-
nal, and an "over-nine" indicator signal for a seven segment display device. The 
input code is BCD augmented by special characters. The segment activation patterns 
are shown, together with the BCD code at the ROM inputs, in Fig.9. 
Fig.10 is the connection diagram for seven segment function configuration. 

0000 

e 
t000 

ooei 

toot 

ooto 

Coto 

oon 

ton 

otoa otot olio 

noo not mo 

Fig. 9 Seven segment character forms 
and their binary input code (8421) 

OV — Pp 
n.c. 

Pt
Ct

--12V 
— 0 V 

~t 
g2 

Qt 
42 

indicator ►zero 

indicator ►over nine 

3 At N 
Q3

-12V-
♦segment 

4 A 2 o p 
4 

►segment 
►segment 5 

A3 ~ 45 
6 -12V— Aa ~ Os ►segment 

7 OV — As 42 ►segment 

A6 Dg ►segment 8 
►segment 9 A~ Og 

♦ • • -12V— —OV A8 C2 
O O O 

8 4 2 
binary 

Input code 

Fig. 10 Wiring diagram for a seven segment decode 

) Typical segment driver amplifier 

om 

nn 

9255362.1 

9 

8 

7 

6 

4 

3 

9Z 55356 

20 
November 1970 



FDfamily FDR106Z 
FDR106Z1 

PATTERN 4 

SELECTRIC TO ASCII CODE CONVERTER 

When used in the selectric to ASCII code converter configuration, the FDR106Z1 
translates seven input line signals from a selectric input/output writer (correspon-
dence model) to ASCII code with even or odd parity. Fig.11 shows the wiring con-
nections for this function. The conncetion of selectric contacts is shown fora ma-

chine with standard wiring. selectric keyboards provide six signal lines (R1, R2, 

R2A, R~, Tl and T2) and a parity line which is not used in this application. The 

keyboard shift contact provides the seventh input line (A~) to the FDR106Z1 (upper 
case is LOW, lower case is HIGH). Fig. 12 shows the selectric contact signals and 
FDR106Z1 address bits for which the code converter is patterned. The ASCII code 
for > is generated when the selectric ¢ key is depressed, and the code for < when 
the selectric o (degrees) key is depressed. 

-tzv 
R=1kR 

1 I .I ,~ I 1 OV-

-12V—

r 
.T1 .T2 .Rt •R2 •R2A~R5 

O O O O O O O ~~L ' 

i 1 1 ~ ~ ~ ~ 1 case 

selectric 

Po Pt — -12V 

.0'~ Qt  ►odd parity 
!d2 Q2  ►even parity 

At N Q3  ►ASCII bit 7 

A2 0 ~q ►ASCII bit 6 
A3 o QS ►ASCII bit 5 
Ay ~ Dg ►ASCII bit 4 
A5 Q7  ►ASCII bit 3 
A6 De  ►ASCII bit 2 
Ay Qg  ►ASCII bit 1 
Ag C2 —OV 

1)V 

Fig. 11 Wiring diagram for selectric to ASCII code converter 

7255357 
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FDR106Z 
FDR106Z1 

FD family 

SELECTRIC CODE 

FDR106Z 1 
address bit 
selectric 
contact 

A ~ 
A 6 

T 1 

A 1 

T 2 

A 2 

R 1 

A 3 

R 2 

A 4 

R 2A 

A 5 

R 5 

FDR106Z 1 
address bit 
selectric 
contact 

A 
~ 

A 6 

T 1 

A 1 

T 2 

A 2 

R 1 

A 3 

R 2 

A 4 

R 2A 

A 5 

R 5 

character case character case 

A ~' ~ 
te

U 0 1 1 1 0 0 W -' ~ 
~ 

U 0 1 1 1 1 1 
' a L 0 1 1 1 0 0 ~' w~ L 0 1 1 1 1 1 

B ~-'~ U 1 0 1 1 1 1 X U 1 0 0 0 0 0 
~~' b L 1 0 1 1 1 1 ,- '~" x L 1 0 0 0 0 0 
C ~ 

~ 
U 1 0 1 1 0 0 Y - 

~ 
11 1 1 0 1 1 1 

~ ~' c L 1 0 1 1 0 0 ~-'' y L 1 1 0 1 1 1 
D -'' 

mo
U 1 0 0 1 0 0 Z '' 

/ z 
U 0 0 0 0 0 1 

' d L 1 0 0 1 0 0 L 0 0 0 0 0 1 
E /  -' U 1 0 0 1 0 1 ~( ~'~ U 0 0 0 0 0 0 

'~~ e L 1 d 0 1 0 1 ~~~'~ ) L 0 0 0 0 0 0 
F/  ~'^ U 1 1 1 0 0 0 @ ,~' U 0 0 1 0 0 1 

-'~~ f L 1 1 1 0 0 0 ~ '~ 2 
~# 

L 0 0 1 0 0 1 

G ~ U 1 1 0 0 0 0 -'~ U 0 0 1 0 0 0 
' K L 1 1 0 0 0 0 - ~/ 3 L 0 0 1 0 0 0 

H/  '~ U 1 0 0 1 1 1 ~ -'" U 0 0 0 1 1 0 
~-'~/ h L 1 0 0 1 1 1 -~' 4 L 0 0 0 1 1 0 

I ~'~ 
/ 

U 0 1 1 1 0 1 ~~ 
~ 

~' U 0 0 0 1 0 1 
i L 0 1 1 1 0 1 ~~'" 5 L 0 0 0 1 0 1 

] '^ U 1 1 0 0 0 1 Q -'' U 0 0 1 1 0 1 
- ~/ j L 1 1 0 0 0 1 -'~~ 6 L 0 0 1 1 0 1 

K -'' U 1 0 1 1 0 1 ~& ~' U 0 0 0 1 0 0 
'~~ k L 1 0 1 1 0 1 ~~ 7 

~•/ 
L 0 0 0 1 0 0 

L /  ~' U 1 0 0 1 1 0 ~' U 0 0 1 1 0 0 
~/ 1 L 1 0 0 1 1 0 ~''~/ 8 L 0 0 1 1 0 0 

~M ~'~ U 0 1 0 0 0 O ✓ ( -~ U 0 0 1 1 1 1 
m L 0 1 0 0 0 0 

r 
~ '~/ 9 L 0 0 1 1 1 1 

N '~ 
~ / n 

U 1 0 1 0 0 l )/ ,-'~ U 0 0 0 1 1 1 
' L 1 0 1 0 0 1 ,- 0 L 0 0 0 1 1 1 

O/ -~ U 0 1 0 1 1 0~- -~~ U 1 1 1 1 1 1 
~/ o 

~P / 
L 0 1 0 1 1 0 ~~ - 

r + 
L 1 1 1 1 1 1 

-'~ U 1 1 0 1 0 l -'' U 1 1 1 0 0 1 
~'~ p 

~Q 
L 1 1 0 1 0 1 -''~ = 

f ° 
L 1 1 1 0 0 1 

~~ U 1 1 1 1 0 l ''~ U 0, 1 0 0 0 1 
~~ ~ / q L 1 1 1 1 0 1 ~~-'~~/! L 0 1 0 0 0 1 

R -~ U 0 1 0 1 0 0 ~''~ U 1 1 0 1 0 0 

~~'~~ r L 0 1 0 1 0 0 ~,''~~ L 1 1 0 1 0 0 
S ~~ U 0 1 0 1 1 1 -'~ U 0 1 0 1 0 1 

~~'~ s L 0 1 0 1 1 1 "~~ L 0 1 0 1 0 1 
T ' U 1 0 0 0 0 1 '~ U 1 1 1 1 0 0 

~/ t L 1 0 0 0 0 1 -' ~/' L 1 1 1 1 0 0 
U ,'~ U 1 0 1 0 0 0~ ,- ~ 

~ 
U 0 1 1 0 0 1 

,''~ u L 1 0 1 0 0 0 ,-' 
~? 

L 0 1 1 0 0 1 
V '` U 0 1 1 0 0 0 -'~ U 1 1 0 1 1 0 

,~~~/ v L 0 1 1 0 0 0„-''~ /  / L 1 1 0 1 1 0 

Note: 1 =LOW; 0 =HIGH 
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FD family FDR116Z 
FDR116Z1 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 

P -channel enhancement mode technology. 

READ-ONLY MEMORY, 512 WORD, 5 BITS PER WORD 

24 23 22 21 20 19 18 17 16 16 14 13 

P1 C1 01 ~2 Q3 ~4 ~s n.c. n.c. n.c. n.c. Aq 

FDR116Z... 

~P~O~ n~..,c~. ~A, "1~ P~ly Al Ay A3 A4 ~A~S~ A6 A7 Ag 

IJ U 1=J L~J U 1=J L'J 1=J 1-1 10 11 12 

9255396 

QUICK REFERENCE DATA 

Read access time tAR max. 8~0 ns 

Clock rate f~ max. 1.2 MHz 

Power dissipation at f~ = 1 MHz P~ ryp. 90 mw 

D.C. noise margin ML, MH > 1 V 

Operating ambient temperature Tamb -~~ to +8~ oC 

PACKAGE OUTLINE 24 lead metal -ceramic dual in-line (See General Section) 
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FDR116Z 
FDR116Z1 FD family 

GENERAL DESCRIPTION 

The FDR116Z is a monolithic 2560 bit read only memory . When ordering an FDR116Z 
the customer must send a bit pattern matrix with the desired content. For perfor-
mance evaluation, we can supply specimens of FDR116Z1, which is identical to the 
FDR116Z but contains a bit pattern of our own. The FDR116Z requires a two phase 
clock, but the outputs remain steady as long as the address remains unchanged. The 
normal configuration is as a 512,word, 5 bits per word, parallel output ROM. An 
output inhibit control allows the use of multiple FDR116Z in a wired -OR configura-
tion . 
The memory matrix is programmed with the aid of a mask pattern during manu-
facture. The only d.c. supply is the output buffer supply, which is variable and can 
be biased to drive bipolar output loads direct. 
The patterns permanently stored in the memory matrix of the FDR116Z1 are de-
scribed in the following data sheets. 
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FD family FDR116Z 
FDR116Z1 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) ~—

Voltages on all data inputs, clock inputs, outputs 
and supply terminals, with reference to Pp 

Power dissipation up to T amb =25°C 

Junction temperature 

Storage temperature 

Total current through terminal 

Output current (per output) 

THERMAL RESISTANCE 

P2 

+0.5 to —30 V 

ptot max. 1 W 

Tj max. 150 ° C 

Tstg —65 to +150 ° C 

—Ip2 max. 40 mA 

±IQ max. 20 mA 

From junction to ambient Rth j-a = 125 °C /W 
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FD family FDR116Z 
FDR116Z7 

CHARACTERISTICS at Tamb = -55 to +85 oC 

ELECTRICAL DRIVE 
Symbol min. typ, max. 

Conditions 
and references REQUIREMENTS 

Clock rate fop 0. 1 - 1.2 MHz see note 

Clock pulse width t~1L 0.50 - 1.0 µs 
see timing diagram 

t~2L 0.25 - 1.0 µs 
for parameter def-
initions 

Clock pulse fall time t~I-IL - - 0.10 µs see note 

Clock pulse rise time t~LH - - 0.10 µs 

Clock delay time t~l~i2 0 - 4.5µs 

Clock delay time t~,2~1 0 - 4.5µs 

Clock input voltage level 
HIGH V~H -2 0 +0.3 V 

LOW V~L -28 -26 -24 V 

Address input and output 
inhibit input logic 
levels: 
HIGH VAH , VCH -2 0 +0. 3 V 
LOW VAL, VCL -14 -12 -9 V 

~ Note 

At frequencies higher than 870 kHz, t~lLmax and tp2Lmin Fill be determined by 

t~LHmax and t~HLmax• 
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FD family FDR116Z 
FDR116Z1 

CHARACTERISTICS 

Test conditions: Vp~ _ -12 V to -14 V; Tamb = -55 to +85 oC; PO =grounded; 

standard load: 30 pF in parallel with 150 kS2 to P0. 

ELECTRICAL DATA Symbol min. typ. max. 
Conditions 

and references 

Read access time tAR - 750 850 ns see note 1 

Output levels: 
HIGH VQI-1 -1 - 0 V 
LOW 

Address input capacitance 
VQL, 
CA

-14 - -10 V 
- 3.2 4.0 pF bias: VA = 0 V; f~ = 1 MHz 

Output inhibit input 
capacitance CC - 3.2 4.0 pF 

Clock input capacitance C~1 - 21 30 pF bias: VC;V~ = 0 V; f~ = 1 MHz 
C~2 - 13 18 pF 
C~1 - 13 18 pF 

}bias: V~ _ -26 V; f~= 1 MHz 
C~2 - 7.4 10 pF 1 

Leakage currents: 
Address input and 

output inhibit input VA = VC = -15 V; all 
currents - IAL± ICL - - 1µA other terminals at Vp0; 

Iamb = 25 oC 
(V~ _ -28 V; all other 

Clock input current -ICI, - - 100 µA terminals at Vp0; 

Iamb = 25 °C 

Output resistance 
HIGH RQH - 300 - ~ 
LOW RQL, - 170 - St Vpl = -5 V 

Clock power dissipation 
(see note 2) P~ - 36 - mW f~ = 1 MHz 

Input current Vpl = -13 V 

(see note 3) -Ip - 4.0 - mA f ~ = 1 MHz 1
0 

Tamb = 25 C 

Output transition times: 
fall time tTHL - 100 - ns 
rise time tTLH - 100 - ns 

Delay times: fall time tDHL - 20 - ns 
rise time tDLH - 20 - ns 

D.C. noise margin M1,, MH 1 - - V 

Note 1: The minimum access time assumes the summation of.the rise time of ~1 
and the fall time of $2 is less than 40 ns. 

Note 2: No d.c. power is dissipated in the decoder or memory matrix; the quoted 

power dissipation is a. c. only. 

Note 3: Ipl is almost entirely dependent on the external load. 
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FDR116Z 
FDR116Z1 

FD family 

CHARACi'~RISTICS (continued) 

TI\LING DIAGRA\Z 

$~ 

Hy 

t$HL—►

-26 —

t$1L 

f i 

~—

~ t$LH 

t$2L 
--► 

f 
ta~ez 

-26—

address 
inputs 

data 
outputs 

—10 —

r 
ttA 

~ tDHL 

tAR 

r 

--~ 
LTHL 

~taz$i 

tlA 

U 

_y LDLH ~ 

tLA 

tTLH '1255429.1 

Note 

The indicated points on the vertical axis are specified in the glossary of terms. 
Address and output inhibit iming requirements: 
1. Address input (and output inhibit input) signals are clocked into the memory dur-

ing ~i, and must remain present throughout ~l. Address lead time (tpA) must be 
>0

2. The output signals remain steadyforasmanyclockcyclesastheaddressandoutput 
inhibit signals remain unchanged. 
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FD #amity FDR116Z 
FDR116Z1 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L, 
The time for which the clock pulse is LOW; V~ < —24 V 

2. Clock pulse fall time: t~HL 
The time between the 10% and 90% voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t~LH 
The time between the 90~ and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t~1~2; t~2~1 
The least allowable time between the end of the ~1 (or ~2) clock pulse and the 
start of the ¢2 (or ~1) clock pulse, defined at —2 V . 

5. Fall delay time: tDHL 
After the clock pulse ~2 reaches LOW, the time that elapses before the output 

starts to change from HIGH to LOW. 

6. Rise delay time: tDLH 
After the clock pulse ~2 reaches LOW, the time that elapses before the output 
starts to change from LOW to HIGH. 

7. Output fall transition time: tTHL 
The time between the 10°~o and 90~o voltage points as the output goes from HIGH 
to LOW . 

8. Output rise transition time: tTLH 
The time between the 90~o and 10~ voltage points as the output goes from LOW 

to HIGH. 

9. Read access time: tAR 
The time between the 90~ point on the negative going edge of the clock pulse ~l 
and the time at which the output is present, defined at 90~. 
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FDR116Z 
FDR116Z1 

FD family 

OUTPUT BUFFER DESCRIPTION 

The only d.c. supply required is Vpl , the push-pull output buffer supply. VpI may 
be varied between 0 and —28 V according to the output voltage swing required. It 

does not affect the operating speed of the memory. 

1. Biasing circuit A is used when driving MOS loads. Normal MOS input signals 
must drive the address and inhibit inputs. 

OV to -26V 
~~ -13V 

!, d3

Biasing circuit A. 

2. Biasing circuit B may be used to interface with TTL, both at the input and the 
output of the ROM. Note that no active interface devices are required. At the ad-
dress and C inputs any TTL devices can be used that will sustain a minimum of 
+12 V at their output terminals. 

output 
inhibit 

I 

+sv~P3

+12V to -14V 
~~~ 

fd1 93 

~~ 
A3

A
A 

I ~ I 

I I 
I ~ I 

' 1 

Ae 

Aq 

C, 

FDR116Z... 
ROM 

 I I 
R 

—~ ~—~ 
 I I R 

R2 

R3 

-14v~°~ 

r 
rRV 

I ~ I 
I I 

ly  R1 

~~ 

0 

+12V ±5% 

R 

R3 

T 
-14V±5°/ 

TTL 

~ I 

— .~ . _~ 

Biasing circuit B. 
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FD family FDR116Z 
FDR116Z1 

WIRED-OR APPLICATIONS 

Use of wired-or output capability: 
Applying a LOW signal to the output inhibit leads will cause both of the push pull 
output transistors associated with each output driver to turn off. Their output im-
pedances are then very high (about S MS2) and they can be wired-OR with other ROM 
output buffers without affecting the output drive capability of any buffer operating in 

the low impedance mode. This output inhibit wired-OR capability makes it possible 
to use the FDR116Z type ROM in many different applications, such as the one shown 
here. 

A~ 

A= 
A~ 

A~ 

A'S 
A5 

A~ 

Ae 

Ay 

C~ 

°1 

a °2 '. °j

N °~ 

°s 

LL

usun 

1024 words, 5 bits per word ROM 
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FDR116Z1 

FD family 

PROCEDURE FOR ORDERING A SPECIAL BIT PA1'1'ERN 

To ensure accuracy when ordering a special bit pattern fora Read Only Memory 
(ROM) mask, customers should make use of the form on page 12. Eight forms are 
needed for 512 word memories. The completed forms enable us to transfer any de-
sired bit pattern into a standard ROM without error. After receipt of the forms our 
procedure is as follows: 
1. An IBM card is punched for each row of each sheet of the form. (If he prefers to 

do so, the customer may punch his own cards and supply them to us, provided 
their format is identical with that of the forms). 

2. The punched card are incorporated in a computer program that originates the 
following: 
- a duplicate of the ordered bit pattern, for verification. 
- a control tape for programming final electrical testing of the customers's ROM. 
- a control tape embodying the ordered pattern of ones and zeros to govern the 

movement of the automatic plotter used in mask making. 
3. The computer print-out is checked against the original order forms; a copy is 

also sent to the customer for his verification and signature. 
4. Upon receipts of the customer's signed verification, full scale masks embodying 

the desired pattern are made. 

INSTRUCTION FOR COMPLETING THE FORMS 

A. Customer block: ON EACH FORM 

Enter Name, Date and Authorized Signature in the spaces provided. 

B. The ADDRESS INPUTS and CONTENTS 

Each page of the ROM Bit Pattern Form is laid out for 64 consecutive words; 16 
in each of the four columns (00, O1, 10 and 11). 

1. ADDRESS INPUTS 

a) There are nine Address Inputs; the right-hand bit is always bit 1 and is the 
least significant bit; the left-hand bit is bit 9, it is the most significant. The 
Address Input leads on the ROM package are labelled A1, A2, etc. , tp cor-
respond. 

b) The states of bits 1 to 4 are listed consecutively down the page. The state of 
bits 5 and 6 are at the head of each of four output columns. The Address Input 
of 64 consecutive words are thus uniquely specified on each page. 

c) Bit 7, 8 and 9 specify sets of memory locations, 1 set of 64 words per page. 
These spaces should be filled by the customer using a consecutive full binary 
code. The first position on page 1 of your specification should be three (or two) 
zeros, 1) 
Memories of 512 words need 8 pages, of specifications. 

d) Only ones (1 =LOW) or zeros (0 =HIGH) should be used in completing the 
form. 

1) See example on page 12 
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FD family FDR116Z 
FDR116Z1 

PROCEDURE FOR ORDERING A SPECIAL BIT PATTERN (continued) 

2. CONTENTS (DATA OUTPUTS) 

a) Each column has provision for words of 10 bits numbered 1 to 10, bit 1 is al-
ways the right-hand bit. The output leads of the ROM package are labelled Q1, 
Q2, etc., to correspond. 

b) The requisite bit pattern should be inserted under headings 1 to 5 using only 
ones (1 =LOW) and zeros (0 =HIGH). 

3. AUTHORIZED SIGNATURE 

Having completed the bit pattern, the customer should check that the forms are 
numbered, dated, and signed, as they constitute formal evidence of his request. 
In the event that the customer provides his own punched cards the signature on 
the computer duplicate will serve as formal evidence. 

CHARACTER GENERATION 

The FDR116Z1 is meant for generating ASCII characters for display in a system in 
which each character is made up of seven 5-bit rows that are traced one at a time. 
It is capable of storing 64 different characters, each having its own 6-bit address. 

To generate a line of characters for display, word addresses are applied in sequence 
to the WORD SELECT inputs Al to A3 and character addresses to the CHARACTER 
SELECT inputs A4 to Aq. First, the row to be traced is selected by applying its ad-
dress (3 bits) to inputs Al to Ag; then the desired characters are selected by apply-
ing their addresses (6 bits each) to inputs A4 to A9. When one row in a lineof char-
acters has been traced, the next row is generated by applying a new word address 
(inputs Al to Ag) and repeating the same sequence of character addresses as before. 
After the sequence of character addresses has been repeated in conjunction with the 
word addresses for all seven rows, the full line of characters has been generated. 
Of the FDR116Z1, aselectionis available, which has a maximumread rating of 1.67 
MHz (cycle time 600 ns). 

November 1970 11 



FDR116Z 
FDR116Z1 

FD family 

4 
• 
• 

~O 

C 
LL 

C 
L 
m 

W 

m 

O 
E 
m 

O 

ev 
m 

W 

z 
■ w ~ x 
~I ~ W 
a n = O = 

f- 
o a ~ 
U mU V 

_ 
U 

O O C 
O~ m 

p mvo 
`ii w `m 5 

0 

T 
r 

■ 

T 

E 

2 

Q 

0 
I 

a
 O

'U
 T

P
U

T
f 

1
0
9
8
7
6
5
4
3
2
1
 

s 
s 

n
 
a

 
..
 

u 
M

 
m

 
I 

~
 

zs
 

b
O

U
T

P
U

T
M

 a
 

M
 

P
 

1
0

9
8

7
6

5
4

3
2

1
 

O
U
T
P
U
T
S
 

1
0
9
8
7
6
5
4
3
2
1
 

zo
 

x~
 

a
 

n 
a.

 
x
_

_
 

- - - - - - - - - 

0 

- - - - - --

O
U
T
P
U
T
S
 

0
9
8
7
6
5
4
3
2
1
 

e 
v
 

N 

-~ 

O 

Note: 1 =LOW; 0 = HIGH 

O 
O -O- 

O - O 

r 

IO
L

O
O

X
~

 

r r _ O . O _ r _ r _ O _
O

..r .. 

O-

O 

r - r 

r O 

r 

r 

r 

O

0 

r 

0 

0 

0 

X
X
1
0
1
1
 

~
~
~
~
 

X
X
1
1
0
0
 

r 
O - r .. r -

r 

O 

r 

r 

r 

0 0 0 0 0 0 0 r r r r r r 

X X X_X X X X X X X X X X 
X X X X X X X X X )C J X X X 

12 December 1969 



FD family FDR1162 
FDR11~Z1 

O
U

TP
U

TS
 

p 

s 
a 
3 
~' ' 

~ 

o 

o; 
o, 
0 

0 0 0 

o o~ 

o o, 
0 0 

0 0 0 

o 0 0 

o 0 0 
0 0 0 

0 

0 
0 
0 

0 0 0 .- 

0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 

p 

0 0 0 0 0^ o 0 
0 0 0 0- o o- 0 
0 0 0 .- o 0 0 0 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

l 

l 

l 

o  0 0 0 0 

~ 
s 
c: 
~~ 

~' 

~ 

0 

o~ 
O~ 
o~ 

0 0 

o 0 
o o~ 
o o~ 

0 0 0 

0 0~ 
c o 
o ~o

0 0 0 0 0 0 0= 

0 0 0 0 0 0 0^ 
c o o c o 0 0 
0 0 0 0 0 0 0_ 

_ 

o -__^ o  

o 
o 
o 

0 

/o o c c o~\ 
~{ c c O o c_

0 0 0 0 0- 

0 

o 0 0 0 0 0 0 
p p p__ O O o 
0 0_  0 0 0 0 0 

o o ~  o , o 

d 
S' 
b 

~ 
~' , 

p 

o 
o 

o 

o- 

c' 
^/

'~ 
~~o o\- 

-- o o- 

o o- 

o 
o/ o\~ 

o o- 

o o 

0 

-- 

0 
o 

o 

0 

0_  0 0 0 0 
O o c c o 

0 0 0 0 0-

0 0 0 0 0 -

0
 

0
 

0
 

t 

O
 

l 
0

 
0
 

l 

0
 

0
 

l 
O

 
l 

O
 

O
 

O
 

t 
l 

O
 

O 
l 

O
 

l 

O
 

l 
0

 
0
 

l 

l 
0

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

l 
l 

0
 

0
 

0
 

0
 

1
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 0  0 0 .- o 

Q 

b 

m 
~' 

$ 

~ 

o 
o 
o 

o--- o 0 
0 o 

Q^  
0 

o- .- .- o 

0 
0 

0 0 0 0 0 0 0 
'~ o 0 0 0 o F 

0 0 0 oI^ -- .-I 
0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 

0 0 

0 0 

0 0 0 0- 

0 0 0 0- 
0 0 0 0- 

0 0 0 

0 0 0  

0 0 0 

0 

o 0 0 0 0 0 0~ 

0 

o 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 o r--~, 

O ~~n 

Q 

y 

W

/ 

~ 

W= 
Q 

Q 

o- o- o- o^ 

O O-- 0 0 

0 0 0 0- ~- - ^~ 

o- o- o- o- 

0 0-- 0 0-^ 

O O O O---^ 

o- o- o- o- 

O O-- 0 0^- 

O O O O---^ 

0^ o- o .- o -
O O-- 0 0-^ 

0 0 0 0- ~-  

A
s
c
u
 

C
H

A
R

A
C

T
E

R
 

A
D

D
R

E
S

S
 

IN
P

U
T

S
 

_ 
_ _

 __
J'

 

~p

~ 

t
Q
p 
Q 

Q 

_ 

X

X 

O 

X

X 

O 

0 
0 

^ 

X 

X 

O 

0 
0 

O 

X 

X 

^ 

0 
0 

^ 

X 

X 

^ 

0 
0 

December 1969 13 



FDR116Z 
FDR116Z1 

FD family 

O
U

T
P

U
T

S
 

Q
5 

Q
4 

4
3

 Q
2 

Q
 t 

0 0 0 0 0- o 0 
0 0 0 0- 0 0 0 

0 0 0- 0 0 0 0 
0 0 0 0- 0 0 0 

0 0 0 0 0 0 0 0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 
0

'0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

1 
1 

1 O r ~o 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0~ 

0 0 0 0 0 0- o 

0 0 0 0- .- o 0 
0 0 0 0 0 0- o 

o I  o 0 0 

~' 
O' 

d 
a 
p 

~ 
^ 

o 

O 
0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 0 0 0- o 

0 0 0 0 0- o b 

0 0 0 0- o 0 o 
0 0 0- 0 0 0 0 

0 0 -- 0 0 0 0 0 

0- - o 

0 0 0 0 0 0 0- 

0 0 0 0 0 0 0 .- 

0 0 0 0 0 0 0- 

0  

O  

O- 
0- 

0- 

o 0 0 0 0-
o 0 0 0 0-
0 0 0 0 0- 

o- 
- -

- 
o- 

o- 
0 0 0 0 0 0 
0 0 0 0 0 0 0 - 0 

O' 
N 
O 
m 
p~ 

O'
~' 

C 

o~ 
O 

o- 

o- 

-\ 
O O 

o 0 

o o 

o o- 
O O 

0 0 

o 0 0 

~ 

0 
O 

0- 

0 

o 

0 0 
O O 

o o- 

0 0- 
o- .- 

0 - 
O O 

o o- 

o o- 
0 0 

o 
•- 

0 

o-- 
O- 

o- 

o- 

0- 

0 0 0 0 
b- 0 0 0 

o o- o 0 

0 0 0- 0 

0 0 0 0-- 

0= 
O 

0- 

0 0 0 0 0= 
'- 0 0 0 0 0-

o 0 0 0 0-

0  

o o l 

O 

d 
O1p 

~ 

~' 

C ~ 

~ 

o  

o 

o- 

o 

0 
~-~ 0 

//o o\ 

o o- 

.- o o- 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0
 

0
 

0
 

L 
O 

O 
O 

L 
'.. 

O 
t 

O 
l 

0
 

O 
O 

l 
0

 
0

 

O 
l 

O 
l 

0
 

L 
O 

O 
O 

l 

l 
0

 
0

 
0

 
l 

0
 

0
 

0
 

0
 

0 

o-- 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 -- -- o- 

0 

0- 

0 

-~0 0 0 0- 0 

0 0 0 ~^ 

\0 0 0 0 0 
o 0 0 0- - -

0 0 0- 0 0 0 0 

o-- 0 0 0 0 0 o\   o o  I 

W
O

R
D

 
S

E
LE

C
T 

IN
P

U
TS

 

A
3

 A
Z 

A
I o- o- o- o- 

0 0- -- o o 

0 0 0 0 

o- o- o- o- 

o o- .- o o-- 

0 0 0 0-- .- - 

o- o- o- o- 

o o-- o o-- 

0 0 0 0--- ~ 

o- o- o- o-

o o-- o o--

0 0 0 0 .- - .- 

A
S

C
II 

C
H

A
R

A
C

TE
R

 
A

D
D

R
E

S
S

 
IN

P
U

TS
 

a _ 
~`

c
Q 

Q -

x 

x 

o 
x 

x 

o 

0 

-- 
x 

x 

o 

- 
0 

o 

x 

x 

- 

- 
0 

-

x 

x 

-

- 
0 

14 December 1969 



FD family FDR116Z 
FDR116Z1 

O
U

T
P

U
T

S
 

Q
5 

4
4

 Q
3 

Q
2 

4
1

 

~ 

0 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

O 
0

 
0

 
1 

0
 

0
 

0 

0
 

1 
0

 
0

 
0

 

1 
0

 
1 

0
 

1 

1 
0
 

0
 

1 
0

 

0 
0
 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

0
 

0
 

0
 

0
 

0 
0

 
0

 
0 

0
 

0
 

0
 

0 
0

 

0
 
0
 

0
 

1 
0

 

0
 

0
 

1 
0

 
0

 

0
 

1 
0
 

0
 

0 

1 
0

 
0

 
0

 
0

 

0 
0
 

0
 

0
 

0
 

o F_ .~ o 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

p 

p 
p 

p 

~' 

O 

^ 

o 0 
o 0 
o-  

o o 

0 0 

0 0  ̂ ~_ 

0 /01 

-- 

-v^ o ^

0- o 0 

c O 

0 

o  

0 

o 
0 
0 

o-- 

0 

o .- 

0 0- 
0 0 

-~- 

o 0 0- 
o o 

0- 0 

o o- 

0 0 0 

_~- 

0 0 

o 0 
0 

0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0
 

0
 

0 
0

 
0

 

0 
0

 
0

 
0

 
0

 

0
 

0
 

0
 

0 
0

 

0
 

0
 

0 
0 

0 

0 
0

 
0

 
0

 
0

 

0
 

0
 

0
 

0 
0

 

0
 

0
 

0
 

0 
0 

p~ 

~ 0 

0 

0 

0
1

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 o a^ 0 0 0- 0 
O O O- O- 0 0 

0 0 0 0 

O O O O 

0 0 0 

0 0 0 O O ~- - ^I O O O O 

0 0 0 0 0 0 0 0 O O O O O O O O   O O ~ 

O O O O 

O O O O 

O O O 

O O O 

0 0 0- O- 0 0 

O O 0 0 0- O 

O  

O O O O ~ O O 

O t- - -~ O O O O 

0 0 0 0 0 0 0 0 

4
5
 4

4
 4

3
 4

2
 4

1
 

g O 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

O 0 0 0 0 0 

O O ~- O O O- O 

p 0 0 O O 

O O O  --  0 0 

O O- O O O O 

O ~- 0 0 0 O~ 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

~^ ^ ~- - -~ O B 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

W
O

R
D

 
SE

 IE
C

T
 

IN
P

U
TS

 

A
3 

A
Z 

A
I 

O- O- O ~- O- 

O O-- O O-- 

O O O O ~- ~- ~- ^ 

O^ O ~- O^ O^ 

O O-- 0 0^- 

O O O O^^^- 

O- O- O- O- 

O O ~- X 0 0 ~- ~- 

0 0 0 0 --^ 

O^ O- O- O ~-

O O-- 0 0-^ 

O O O O ~- - ~- ~- 

Ascu 

C
H

A
R

A
C

TE
R

 
A

D
D

R
E

S
S

 
IN

P
U

TS
 Q 

Q 

~Q
f 

Q 

~X
X 

O 

X 

X 

O 

O 

- 

- 

X 

X 

O 

O 

O 

X 

X 

- 

O 

^ 

^ 

X 

X 

- 

O 

•-

December 1969 15 



FDR116Z 
FDR116Z1 

FD family 

O
U

TP
U

TS
 

0 
N 
C3 

O' 

Q 

~ 

0
 

l 
l 

0
 

l 
0

 
0
 

0
 

l 

l 
0
 

0
 

0
 

l 

0
 

l 
L 

O
 

O 
O 

O 
l 

0
 

0
 

0
 

1
 

0
 

0-- 
O- 

O 

0 0 0 0 0 
O ~- 0 0 0 0 

O O- 0 0 0 

0 0 0 0 0 0 0 
O O O- O- 0 0 

~O O- 0 0 0- O 

O ~- O O O O O 

0 0 0 0 0 0 0 0 

O
 

O 

m 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

O
 

L 
0

 
0
 

0
 

l 
0

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

O- 0 0 0 

O 0 0 0 0 0 0 

Q
5 

Q
4 

Q
3 

Q
2 

Q
l 

~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

O 0 0 0 0 0 

O O ~- O O O ~- O 

0 0 0- 0 0 0 

0 0 0 0 0 0 0 0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
®

 

0
 

0
 

0
 

0
 

0
 

O^ 

O- 

O 

O 

O- 

O 

O 

O 

O 

O^ - 

0 0 0- 

O O O 

0 0 0 

O O- 

O 

O 

O 

O O 

.O O 

O O 

O 

~ 

O O 

0 0 

~ 0 0 

O O 

0 

d 

0 ~ 

O 

o 

o ;
o 

OHO O O H 

^/ o 0 0 0 

~0 0 0 0 0- 
0 0 0 0 -

O 

0 

0 
0 

O O ~- ^ 

0-- o o- 

0 0 0 0 0^ 
0 0 0 0- 

O 

0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 ~o o ~0 0 0 
0 0 0 0 0 0 0 0 0

 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

O
 

O
 

m 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

1 
0

 
0
 

0
 

0
 

1 
0

 
0
 

0
 

0
 

0
 

0
 

Q 
ry

~ 
~' ~ 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0- 
0 

o~ 

o 
0 

0 - 

o 

\o 0 
o v 

o~_-~ o 
-/o o~- 

0 0 
o~/o 

o~ 0
 

1
 
0

 
0

 
0

 

1 
0
 

0
 

0
 

0
 

L 
l 

0
 

l 
0

 
0
 

0
 

l 

l 
0
 

0
 

0
 

l 

o 

o 

\ 

0 0 0 ~- 

-~0 0 0- o- o 0 0 0 0 0- 
o 0 0 0 0 0 0 0 o~ ~ 

W
O

R
D

 
S

E
LE

C
T

 
IN

P
U

T
S

 

A
3

 A
Z

 A
 I 

o- o- o- o- 
0 0 -~ - o o - - 

0 0 0 0 - - - - 

o- o- o- o- 
o o - - o o - .- 

0 0 0 0 - - - - 

o- o^ o^ o- 
o o _ - o o - .- 
0 0 0 0 _ - _ _ 

o- o- o- o-
o o _ - o o - -

0 0 0 0 _ - - ^ 

Ascll 

C
H

A
R

A
C

T
E

R
 

A
D

D
R

E
S

S
 

- 
IN

P
U

T
S

 "' 

8
 a 

ff

rr

I x 

iL
x

O 

x 

x 

o 
_ 

_ 

x 

x 

o 
_ 

_ 

o 

x 

x 

_ 
- 
_ 

-
x 

x 
-

_ 
- 

16 December 1969 



FD family FDR116Z 
FDR116Z1 

ROM ORGANISATION 

In this example, with the word select input address fixed, the ASCII character ad-
dresses are sequentially altered to produce one line of three different characters, 
left to right. After 8 sequential binary word select iterations using the same charac-
ter address sequence, the complete line of characters is formed, includingaSPACE 

line . 

A3 A Z A l

word select 
inputs 

ASCII ASCII ASCII 
character character character 
address for address for address for 

R O M 
applied to Aq to A9 applied to A4 to Ag applied to A4 to Aq 

0 1 0 0 1 0 

Q 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

rowg

rowZ 

rowg 

row4

rows 

rowb 

row? 

rowg 

—+ 0 0 0 0 0 

0 0 1 1 1 1 

O O O G O 

/1 1\ 

0 `1 --• 

1 0 0 0 1 

—► 1 0 0 0 1 

—► 1 0 0 0 1 

y 

-► 0 0~0 1 1 1 0 

0 0 1 1 0 1 

~ 0 0 0 0 0 

0 0 0 

0 

0 0 0 

0 0 0 

0 0 0 

December 1969 17 





FD family FDR126Z 
FDR126Z1 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enhancement mode technology. 

READ ONLY MEMORY, 256 WORD, 10 BITS PER WORD 

m m m m m m m m m m m 
P~ ~t ~2 ~3 QG ~5 Q6 07 ~8 

fDR126Z... 

Dg ~~p C 

Pp n.c. ~~ 0p A~ Ap A3 AG A 6 A6 A~ A6
1 2 3 4 5 ~ ~ ~ ~ 10 11 12 

7Z SS6fi5 

PO and metal package bottom are connected. 

QUICK REFERENCE DATA 

Read access time 

Clock rate 

Power dissipation at f~ = 1 MHz 

D. C. noise margin 

Operating ambient temperature 

tAR 

f~ 

Pav 

MH ~ ML 

Tamb 

max. 1 µs 

0.1 to 1 MHz 

typ. 100 mw 

1.0 V 

—55 to +85 oC 

PACKAGE OUTLINE 24 lead ceramic dual in-line. (See General Section) 

January 1971 1 
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24 
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5 A~ 

s Ap 

A3

8 A4

9 A5

10 A 

11 A, 

12 A 

13 C 

address 
decoder 

1~2 bit delay 

memory 
matrix 

P~ 

at

- V 

p2 

Pa 

~3 

~4 

4~0

7255666 

23 

22 

2t 

20 
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17 
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15 
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GENERAL DESCRIPTION 

The FDR126Z is a monolithic 2560 bit read only memory. When orderingan FDR126Z 
the customer must send a bit pattern matrix (see example on pages 12, I4 to 17)with 
the desired content.- For performance evaluation, we can suppiq specirnems of 

FDR126Z1, which is identical to the FDR126Z but contains a bit pattern of our own. 
The FDR126Z requires a two phase clock; the outputs remain steady as long as the 
address remains unchanged. 
The memory matrix is programmed with the aid of a mask pattern during manu-
facture. The only d. c. supply is the output buffer supply, which is variable and can 
be biased to drive bipolar output loads direct. 
TheFDR126Zlisapre-programmedversionof the FDR126Z READ-ONLY memory. 

It is intended to convert from ASCII to SELECTRIC line code and vice versa. 
When 7-bit address of either code is applied to the inputs of the ROM, the corre-
sponding 7-bits of the other code will appear at the outputs. 
The three remaining outputs are used for parity and control code indications. 
The electrical characteristics of the FDR126Z1 are equal to those of the FDR126Z. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals, with reference to PO +0.5 to -30 V 

Power dissipation up to Tamb = 25 °C Ptot max. 1 W 

Junction temperature Tj max. 150 °C 

Storage temperature Tstg -65 to +150 °C 

Total current through terminal Pl -Ipl max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 125 ° C/W 

Note
All terminals are protected against over-voltage caused by static charges. 

January 1971 3 
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CHARACTERISTICS at Tam  _ —55 to +85 ° C 

ELECTRICAL DRIVE 
Symbol min. typ. max. 

Conditions 
and references REQUIREM;3NTS 

Clock rate f~ 0.01 — 1.0 MHz 

Clock pulse width td1L 0.60 — 5.0 µs 
see timing diagram 

t,~ZL 0.25 — 5. 0 µs 
for parameter def-
initions 

Clock pulse fall time tdHL — — 0. 10 µs 

Clock pulse rise time t~LH — — 0. 10 µs 

Clock delay time t~1~2 0 — 45 µs 

Clock delay time t¢2¢1 0 — 45 µs 

Clock input voltage level 
HIGH V~H —2 0 +0.3 V 

LOW V~L —28 —26 —24 V 

Address input and output 
inhibit input logic 
levels: 
HIGH VAH, VCH —2 0 +0. 3 V 

LOW VALE VCL —28 —12 —9 V 

4 January 1971 
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CHARACTERISTICS (continued) 

Test conditions: Vpl = -12 V to -14 V; Tam _ -55 to +85 ° C; PO =grounded; stan-
dard load : 30 pF in parallel with 150 k52 to P0. 

ELECTRICAL DATA Symbol min. typ. max. Conditions and 
references 

Read access time tp,R - 0.75 1 µs 

Output levels: 
HIGH VQH -1 - 0 V 
LOW VQL -14 - -10 V 

Address input capacitance CA - 3.6 5.0 pF bias: VP, = 0 V ;f~=1 MHz 
Output inhibit input 

capacitance CC - 3.2 4.0 pF l 
Clock input capacitance C¢1 - 19 30 pF }bias:VC=V~=OV;f~=1 MHz 

C~2 - 20 30 pF JJJ

C~2 - 12 20 pF }bias:V¢=-26V;f¢=1 MHz 

Leakage currents: 

Address input and 
output inhibit input 
currents -IAL, 

-ICL
_ _ 

1 µA 
rVA = VC = -15 V; all 
j other terminals at VpO; 

Tamb = 25 °C 
rV~ _ -28 V; all other 

Clock input current -I¢L - - 100 µA j terminals at VpO; 
Ta:~ = 25 °C 

Output resistance 
HIGH RQH - 400 - 52 
LOW RQl, - 300 - S2 Vpl = -5 V 

Clock power dissipation 
(see note 1) (~1+~2) P~ - 36 - mW fbb = 1 MHz 

Supply current Vp - -13 V 
1

(see note 2) -Ipl - 5.0 - mA f~ 1 MHz 
Tam = 25 ° C 

Output transition times: 
fall time rI'HL - 100 - ns 

rise time tTLH - 100 - ns 
Delay times: fall time tDHL - 20 - ns 

rise time tDLH - 20 - ns 
D.C. noise margin 1v11,, MH 1 - - V 

Note 1: No d. c. power is dissipated in the decoder or memory matrix; the quoted 
power dissipation is a. c. only. 

Note 2: Ipl is almost entirely dependent on the external load. 
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CHARACTERISTICS (continued) 

TIMING DIAGRAM 

~t 

~2 

t H HL~ 

-26 -

tetL 

~ y ~ -t OLH 

t D1~2 

-26 —

ADDRESS 
INPUTS 

-10-

0 

DATA 
OUTPUTS 

~ tLA f 

1~~~~~~~~~~~~ 

tO2L ~~ 
~t02 RIt 

-s 

-s tDHL 

~ tAR 

r-

--• 
t7HL 

LA F 

/ll~~~~~~~~~ 

-► tDLH 

--► t LA 

~-

~ ~ 
t TLH 7Z 556T01 

Address and output inhibit timing requirements: 

I.'Address and output inhibit signals are clocked into the memory during ¢l, and 

must remain present throughout ¢l. Address and output inhibit lead time (tQA) 

must be > 0, during the shaded interval. 
2. The output signals remain steady foras many clock cycles as the address andout-

put inhibit signals remain unchanged. 

Note:
The indicated points on the vertical axis are specified in the glossary of terms. 
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CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t~L 
The time for which the clock pulse is LOW; V~ < -24 V. 

2. Clock pulse fall time: t~HL 
The time between the 10~ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t¢LH 
The time between the 90~ and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t~1~2; t~2~1 
The least allowable time between the end of the ~1 (or ~2) clock pulse and the 
start of the 42 (or ~1) clock pulse, defined at -2 V. 

5. Fall delay time: tDHL 
After the clock pulse ~2 reaches LOW, the time that elapses before the output 
starts to change from HIGH to LOW. 

6. Rise delay time: tDLH 
After the clock pulse ~2 reaches LOW, the time that elapses before the output 
starts to change from LOW to HIGH. 

7. Output fall transition time: t'THL 
The time between the 10~ and 90~ voltage points as the output goes from HIGH 
to LOW. 

8. Output rise transition time: t'TLH 
The time between the 90~ and 10~ voltage points as the output goes from LOW 
to HIGH. 

9. Output inhibit time: tCL 
The minimum time that the output inhibit signal must be present during ~2 in order 
to inhibit the output, defined at -2 V. 

10. Read access time: tAR 
The time between the 90~ point on the leading edge of the clock pulse ¢1 and 
the time at which the output is present. 

January 1971 7 
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OUTPUT BUFFER DESCRIPTION 

The only d. c. supply required is Vp l , the push-pull output buffer supply. Vp l may 
be varied between 0 and —28 V according to the output voltage swing required. It 
does not affect the operating speed of the memory. 

1. Biasing circuit A is used when driving MOS loads. Normal MOS input signals 
must drive the address and inhibit inputs. 

OV to -26V 
~.~ -72V 

Biasing circuit A 

2. Biasing circuit B is used when driving TTL loads direct from each output buffer. 
This circuit allows also to drive MOS circuits direct from TTL. For this purpose 
special TTL gates are available (FJH301, FJH311 and FJH321), withaguaranteed 
minimum output breakdown voltage of 15 V. 

FJ 

A~ 

ov 
1 

e,~ fie, 

FJ 

2kn 

8 

+6V 

zkn 

FDR126Z 

read only 
memory 

R1 =820 S2 
R2 = 820 52 
R3 = 12 k52 

All resistors: ± 5~ 

  Ro 

12V±6% 

iD a ~ 

R1 

R1 
 }'' 

R2 FJ 

-D~ 
R2 

I 

FJ 

R3 R3 

-,~vta ,~y  T I 

Biasing circuit B 

rzssss„ +5V 
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WIRED-OR APPLICATIONS 

Use of wired-or output capability: 
Applying a LOW signal to the output inhibit leads will cause both of the push pull 

output transistors associated with each output driver to turn off. Their output im-
pedances are then very high (about 5 M2) and they can be wired-or with other ROM 

output buffers without affecting the output drive capability of any buffer operating in 

the low impedance mode. This output inhibit wired-or capability makes it possible 

to use the FDR126Z type ROM in many different applications, such as those shown here. 
Note that the terminals Ag and A9 although shown as address inputs, must actually 

be output inhibit signals synchronous with the address. 

0 

O 
O 

O 
O 

O 
O 
O 

A q O 

Ag O 

Ai ~~ 

A2 f ~2 

A3 ~ ~3 

Aq a ~4 
r 

'QS " ~5 

A'6 ~ Q6 

A7 ~ ~7 

A8 ~ QB 

C Dq 
~t0 

f 

A~ Qi 

A2 ~ ~2 

A3 ~ ~3 

A4 a  44 

AS .T+ OS

A6 ~ Q6 

A~ ~ ~7 

AS ~ ~8 

C Qq 

ato 

F 

7Z 55668 

 0 

 O 

 O 
 O 

 O 
 O 
 O 
 O 
 0 
 0 
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PROCEDURE FOR ORDERING A SPECIAL BIT PATTERN 

To ensure accuracy when ordering a special bit pattern for a Read Only Memory 

(ROM) mask, customers should make use of the form on page 12. Four forms are 

needed for 256 word memories. The completed forms enable us to transfer any de-
sired bit pattern into a standard ROM without error. After receipt of the forms our 

procedure is as follows: 
1. An IBM card is punched for each row of each sheet of the form. (If he prefers to 

do so, the customer may punch his own cards and supply them to us, provided 

their format is identical with that of the forms). 
2. The punched card are incorporated in a computer program that originates the 

following: 
- a duplicate of the ordered bit pattern, for verification. 
- a control tape for programming final electrical testing of the customers's 

ROM. 
- a control tape embodying the ordered pattern of ones and zeros to govern the 

movement of the automatic plotter used in mask making. 

3. The computer print-out is checked against the original order forms; a copy is 

also sent to the customer for his verification and signature. 

4. Upon receipts of the customer's signed verification, full scale masksembodying 

the desired pattern are made and the unique type number suffix is assigned. 

INSTRUCTION FOR COMPLETING THE FORMS 

A. Customer block: ON EACH FORM 

Enter Name, Date and Authorized Signature in the spaces provided. 

B. The ADDRESS INPUTS and CONTENTS 

Each page of the ROM Bit Pattern Form is laid out for 64 consecutive words; 16 

in each of the four columns (00, O1, 10 and 11). 

1. ADDRESS INPUTS 
a) There are nine Address Inputs; the right-hand bit is always bit 1 and is the 

least significant bit; tl~e°left hand bit is bit 9, it is the most significant. The 
Address Input leads on the ROM package are labelled Al , A2, etc. , to corre-
spond. 

b) The states of bits 1 to 4 are listed consecutively down the page. The state of 

bits 5 and 6 are at the head of each of four output columns. The Address Input 
of 64 consecutive words are thus uniquely specified on each page. 

c) Bits 7, 8 and 9 (or bits 7 and 8 only, for 256 word memories) specify sets of 

memory locations, 1 set of 64 words per page. These spaces should be filled 

by the customer using a consecutive full binary code. The first position on 

page 1 of your specification should be three (or two) zeros. 1) 

Memories of 256 words need 4 pages, of specifications. 
d) Only ones (1 =LOW) or zeros (0 =HIGH) should be used in completing the 

form except where, as with 256 word memories, column 9 is unused and is, 
therefore, left blank. 

1) See example on page 12. 
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2. CONTENTS (DATA OUTPUTS) 
a) Each colurnn has provision for words of 10 bits numbered 1 to 10, bit 1 isal-

ways the right-hand bit. The output leads of the ROM package are labelled 
Q1, Q2, etc. , to correspond. 

b) The requisite bit pattern should be inserted under headings 1 to 10 using only 
ones (1 =LOW) andzeros (0 =HIGH), except wherea column is unused and is, 
therefore, left blank. 

3. AUTHORI7.ED SIGNATURE 
Having completed the bit pattern, the customer should check that the forms are 
numbered, dated, and signed, as they constitute formal evidence of his request. 
In the event that the customer provides his own punched cards the signature on 
the computer duplicate will serve as formal evidence. 
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FD family FDR126Z 
FDR126Z1 

GENERAL DESCRIPTION of FDR126Z1 

The FDR126Z1 is a version of the FDR126Zpye-programmed to convert from ASCII 
to SELECTRIC line code and vice versa. 
When any 7-bit address of either code is presented to the input the FDR126Z1 will 
deliver the corresponding word at its output. 
The direction of conversion is selected with the eighth address input. 
The correspondence between code bits and inputs and outputs is shown in the table 
below. 

address input ASCII bit SELECTRIC bit output 

Al bl 1 Q1 
P'2 b2 2 Q2 
A3 b3 4 Q3 
A4 b4 8 Q4 
A5 b5 A Q5 
A6 b6 B Q6 
A7 b7 S Q7 

Ag =LOW: conversion from SELECTRIC line code to ASCII. 

Ag =HIGH: conversion. from ASCII to SELECTRIC line code. 

Output Qg adds an odd parity bit to the 7-bit output code on Ql to Q7 (see note). 

Output Q9 LOW indicates odd parity at the input. 

Comparison of the Qq output with the parity bit added to the input word indicates 
whether or not the input code is correct. 

If Q10 is LOW, the word on outputs Ql to Q7 is a line control code. 

Note: 
1 =LOW; 0 =HIGH 
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FD family FDR131 Z 
FDR131Z1 

The FD family is a series of complex monolithic integrated circuits utilizing MOS 
P-channel enchancement mode technology. 

READ ONLY MEMORY, 512 WORD, 8 BITS PER WORD 

23 

P~ C~ 
m m m m m m m ®m 
~~ D2 ~3 ~4 ~5 

FDR131Z... 

~6 Q7 ~8 C2 Ag 

~ Pp n.c. ldi Plp A~ A2 A3 A4 A5 A6 Ay Ag 
10 11 12 

7255671 

PO and metal lid on bottom of the package are connected 

QUICK REFERENCE DATA 

Read access time tAR max. 1.5 µs 

Clock rate f~ max. 0.66 MHz 

Power dissipation (MOS load) Ptot typ. 100 mW 

D.C. noise margin MH, ML > 1.0 V 

Operating ambient temperature Tamb 0 to 70 oC 

PACKAGE OUTLINE 24 lead ceramic dual in -line. (See page 18) 
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FD family FDR131 Z 
FDR131Z1 

GENERAL DESCRIPTION 

The FDR1317. is a monolithic 4096-bit READ-only memory (ROM)with acapacity of 
512 words, 8 bits per word. With two output -inhibit control lines C1 and C2 it can 
also operate as a 1024-word, 4 bits per word memory. The memory matrix is given 
the desired content by means of a special mask. When ordering, customers have to 

complete a set of forms specifying the bit pattern to beassociatedwith each address. 
The output -inhibit control make it possible to use several FDR131Z memories in 

wired -OR configuration. 
The only d. c. supply is the output buffer supply (Pl), which may be adapted to inter-

face direct with either MOS or bipolar DTL/TTL. All terminals of the FD circuits are 
effectively protected against over voltage caused by static charge. 

A pre-programmed specimen of the FDR131Z is the FDR131Z1 given on page 14. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages on all data inputs, clock inputs, outputs 
and supply terminals, with reference to PO +0.5 to -30 V 

Power dissipation up to Tamb =25°C Ptot max. 1 W 

Junction temperature Tj max. 150 ° C 

Storage temperature Tstg -65 to +150 ° C 

Total current through terminal P1 -Ipl max. 40 mA 

Output current (per output) ±IQ max. 20 mA 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 125 ° C/W 
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fD family 

CHARACTERISTICS at Tam = 0 to +70 °C 

ELECTRICAL DRIVE 
Symbol min. typ. max. 

Conditions 
and references REQUIREMENTS 

Clock rate fb 0. 1 — 0.66 MHz (see note) 

Clock pulse width t 1L 0.90 — 2.0 µs see timing diagram 

t~ ~2L 0. 35 — 2. 0 µ s 
for parameter def-
initions 

Clock pulse rise time 

(~1~ ~2) t~LH — — 1.0 µs l 
Clock pulse fall time t~1HL 0. 165 — 1.0 µs 1See note 

t~2HL — — 1.0 µs 

Clock delay time t¢lg2 0 — 4. 5 µs 

Clock delay time t~2~1 0 — 4. 5 µs 

Clock input voltage level 
HIGH V¢H —2 0 +0.3 V 
LOW V¢1, —28 —26 —24 V 

Address inputandoutput 
inhibit input logic 
levels: 
HIGH VAH~ VCH 

—2 0 +0.3 V 

LOW VAL , VCL —14 —12 —9 V 

Note:
At frequencies higher than 191 kHz the maximum clock pulse rise and fall times 

will be determined by the minimum ¢1 and ¢2 pulse width. 
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CHARACTERISTICS 

Test conditions: Vpl  = -12 V to -14 V;Ta~ = 0 to +70 °C;PO =grounded; standard 
load: 30 pF in parallel with 150 kS2 to P0. 

ELECTRICAL DATA Symbol min. typ. max. Conditions 
and references 

Read access time tAR - 1. 2 1. 5 µs see note 1 

Output levels: 
HIGH VQH - l - 0 V 
LOW VQL -14 - -10 V 

Address input and 
output inhibit input bias: Vp, = VC = 0 V; 

capacitances CA,CC - 3.2 4.0 pF f~ = l MHz 
Clock input capacitance C¢1 - 18 22 pF 

C 42 - _ 16 20 pF } bias: V~ = 0 V; f~ =1 MHz 

C¢1
v2

- 915 12 pF P 
} bias:Vb =-26V; f¢=1 MHz 

Leakage currents: 

Address input and 
output inhibit input VA - VC = -15 V; all 
currents 

-T 

~ 

~L 
1 µA j other terminals at VpO; 

l Tamb = 25 °C 
f Vey = -28 V; all other 

Clock input current -IQL - - 100 µA 1 terminals at VpO; 

Tamb = 25 ° C 
Output resistance 

HIGH RQH - 500 - 
LOW RQL - 350 - 52 Vpl = -5 V 

Clock power dissipation 
(see note 2) (b l  + ~2) Pd - 36 - mW fd = 1 MHz 

Supply current ~ Vpl = -13 V 
(see note 3) -Ip l - 4.0 - mA f~= 1 MHz 

~Ta~=25 ° C 
Output transition times: 

fall time tTHL - 200 - ns 
rise time tTLH - 200 - ns 

Delay times: fall time tDHL - 20 - ns 
rise time tDLH - 20 - ns 

D.C. noise margin ML, Mll 1 - - V 

Note 1: Assuming the fall nme of ~l and rise time of ~2 is less than 40 ns. 
Note 2: No d. c. power is dissipated in the decoder or memory matrix; the quoted 

power dissipation is a. c. only. 
Note 3: Ip l  is almost entirely dependent on the external load. 
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CHARACTERISTICS (continued) 

TIMING DIAGRAM 

kl ~ 

Ey 

-26 

-2fi 

ADDRESS 
INPUTS 

-,o 

DATA 
OUTPUTS 

t  $1L 
1 

t$HL-~ s 

F 

~ -t BLH 

81$2 

ttA 

~~Sff~rl~sftf 

t$2L 
--► f 

-s tDHL 

~ tAR 

~ t$2 $1 

t 

tTHL 

LA f-

~l~f~f~l~lsf~ 

tOLH 

~ tLA 

F 

~-

tTLH 7255670.1 

Address and output inhibit requirements: 
1. Address and output inhibit signals are clocked into the memory during ¢l, and 

must remain present during the shaded interval. Address lead time (tpA) must be 
0. 

2. The output signals remain steady when the address and output inhibit signals re-
main unchanged. 

Note: 

The indicated points on the vertical axis are specified in the glossary of terms. 
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FDR131Z1 

CHARACTERISTICS (continued) 

GLOSSARY OF TERMS 

1. Clock pulse width: t¢L 
The time for which the clock pulse is LOW; V¢ < —24 V 

2. Clock pulse fall time: t~HL 
The time between the 10~ and 90~ voltage points as the clock pulse goes from 
HIGH to LOW. 

3. Clock pulse rise time: t¢LH 
The time between the 90~ and 10~ voltage points as the clock pulse goes from 
LOW to HIGH. 

4. Clock delay time: t¢1¢2: t¢2¢1 
The least allowable time between the end of the ¢1 (or ¢2) clock pulse and the 
start of the ¢2 (or ¢1) clock pulse, defined at -2 V. 

5. Fall delay time: tDHL 
After the clock pulse ¢Z reaches LOW, the time that elapses before the output 
start to change from HIGH to LOW. 

6. Rise delay time: tDLH 
After the clock pulse ¢2 reaches LOW, the time that elapses before the output 
starts to change from LOW to HIGH. 

7. Output fall transition time: tTHL 
The time between the 10~ and 90~ voltage points as the output goes from HIGH 
to LOW. 

8. Output rise transition time: tTLH 
The time between the 90~ and 10~ voltage points as the output goes from LOW 
to HIGH. 

9. Read acces time: tAR 
The time between the 90% point on the leading edge of the clock pulse o1 and the 
time at which the output is present, defined at 90~. 
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FD family 

OUTPUT BUFFER DESCRIPTION 

The only d. c. supply required is Vpl , the push-pull output buffer supply. Vpl may 

be varied between 0 and - 28 V according to the output voltage swing required. It 

does not affect the operating speed of the memory. 

1. Biasing circuit A is used when driving MOS loads. Normal MOS input signals 
must drive the address and inhibit inputs. 

OV to -26V 
~~ -12V 

P~ 

A 

AZ 

I 
I 
I 
I 

Ae 
Ag 

C 

Cp 

FDR131Z 
read only 
memory 

J Q~ 

8 

MOS 

Pp 

Biasing circuit A 

MOS 

/Z556]3 
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OUTPUT BUFFER DESCRIPTION (continued) 

2. Biasing circuit B is used to interface direct with TTL on both the inputs and out-
puts of the READ-only memory. No active interface components are required. 
The TTL circuits on the inputs of the ROM must be able to sustain at least +12 V 
at their outputs. 
The quadruple NAND gate FJH301 and the sextuple inverter FJH321 are especially 
manufactured with a guaranteed breakdown voltage of 15 V for this purpose. 

+fiv 
--L~~ 

TTL 

TTL 
At

AZ

A3 
A~ 

+12V to -14V 
r~~ 

~tl Igz 

TTL 

TTL 

Aq 

Ct

Oz 

—~ 

—'~ 

FDR131Z... 

ROM 

R1

R1 
Rt 

R1 

1 
  RF 1 

Ro 

+12 V ±S% 

Q 

711. 

R3 

+6V 

R3  

R2 j 
R4 

~ T 
~ -auto-16v 

~ R2 

R4 

T 
-12V to -i6V 

TTL 

— _ _~ 

R1=2kR 
R2=820R 
R3 = 8208 
R4= 12kR 
resistor values: ± 5% 

—~ 
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WIRED-OR APPLICATIONS 

Use of wired-or output capability: 
Applying a LOW signal to the output inhibit leads will cause both of the push pull 

output transistors associated with each output driver. to turn off. Their output im-

pedances are then very high (about 5 MS2) and they can be wired-or with other ROM 

output buffers without affecting the output drive capability of any buffer operating in 

the low impedance mode. C1 controls output buffers l to 4, and C2 controls output 

buffers 5 to 8. This output inhibit wired-or capability makes it possible to use the 

FDR131Z type ROM in many different applications, such as those shown here. 

1024 words 

4 -bits per word 

1024 words 

8 -bits per word 

10 address 
inputs 

10 address 
inputs 

qto ~• 
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 O 
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 00 
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PROCEDURE FOR ORDERING A SPECIAL BIT PATTERN 

To ensure accuracy when ordering a special bit pattern for a Read Only Memory 
(ROM) mask, customers should make use of the form on page 13. Eight forms are 
needed for 512 word memories. The completed forms enable us to transfer any de-
sired bit pattern into a standard ROM without error. After receipt of the forms our 
procedure is as follows: 
1. An IBM card is punched for each row of each sheet of the form. (If he prefers to 

do so, the customer may punch his own cards and supply them to us, provided 
their format is identical with that of the forms). 

2. The punched cards are incorporated in a computer program that originates the 
following: 
- a duplicate of the ordered bit pattern, for verification. 
- a control tape for programming final electrical testing of the customer ' s 

ROM. 
- a control tape embodying the ordered pattern of ones and zeros to govern the 

movement of the automatic plotter used in mask making. 
3. The computer print-out is checked against the original order forms; a copy is 

also sent to the customer for his verification and signature. 
4. Upon receipts of the customer's signed verification, full scale masks embodying 

the desired pattern are made and the unique type number suffix is assigned. 

INSTRUCTION FOR COMPLETING THE FORMS 

A. Customer block: ON EACH FORM 

Enter Name, Date and Authorized Signature in the spaces provided. 

B: The ADDRESS INPUTS and CONTENTS 

Each page of the ROM Bit Pattern Form is laid-out for 64 consecutive words; 16 
in each of the four .columns (00, O1, 10 and 11). 

1. ADDRESS INPUTS 
a) There are nine Address Inputs; the right-hand bit is always bit 1 and is the 

least significant bit; the left-hand bit is 9, it is the most significant. The Ad-
dress Input leads on the ROM package are labelled Al, A2, etc.. , to corre-
spond. 

b) The states of bits 1 to 4 are listed consecutively down the page. The state of 
bits 5 and 6 are at the head of each of four output columns. The Address Input 
of 64 consecutive words are thus uniquely specified on each page. 

c) Bit 7, 8, and 9 (or bits 7 and 8 only, for 256 word memories) specify sets of 
memory locations, 1 set of 64 words per page. These spaces should be filled 
by the customer using a consecutive full binary code. The first position on 
page 1 of your specification should be three (or two)zeros. 1) 
Memories of 256 words need 4 pages, of specifications. 

d) Only ones (1 =LOW) or zeros (0 =HIGH) should be used in completing the 
form except where, a column is unused and is, therefore, left blank. 

1) See example on page 13 
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~DR131Z1 

FD family 

2. CONTENTS (DATA OUTPUTS) 
a) Each column has provision for words of 10 bits numbered 1 to 10, bit 1 is al-

ways the right-hand bit. The output leads of the ROM package are labelled 

Q1, Q2, etc. , to correspond. 
b) The requisite bit pattern should be inserted under headings 1 to 10 using only 

ones (1 =LOW) and zeros (0 =HIGH), except where a column is unused and 
is, therefore, left blank. 

3. AUTHORIZED SIGNATURE 
Having completed the bit pattern, the customer should check that the forms are 

numbered, dated, and signed, as they constitute formal evidence of his request. 

In the event that the customer provides his own punched cards the signature on 

the computer duplicate will serve as formal evidence. 
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FDR131 Z 
FDR131Z1 

FD family 

GENERAL DESCRIPTION of FDR131Z 1 

The FDR131Z1 is a version of the FDR131Z pre-programmed to convert from ASCII 

to EBCDIC and vice versa. 
When the standard 7 -bit ASCII code plus parity is presented to address inputs Al to 

Ag, the FDR131Z1 will deliver the corresponding 8-bit EBCDIC code at its outputs: 
when the Aq input is HIGH. Conversely, when the standard 8-bit EBCDIC code is pre-
sented to inputs Al to Ag, the correspondingASCII code plus parity will be delivered 

at the outputs when Aq is LOW. The cede conversion circuits from ASCII to EBCDIC 
are provided in duplicate to accomodate either odd or even parity. The correspond-
ence between code bits and inputs and outputs is shown in the tables below and on the 
following pages. 

Conversion from ASCII to EBCDIC 

ASCII -bits ROM inputs 1) ROM outputs EBCDIC -bits 

bl (least significant bit) Al Q1 7 (least significant bit) 

b2 AZ Q2 6
b3 A3 Q3 5
b4 A4 Q4 4 

b5 A5 Q5 3 

b6 A6 Q6 Z 
b7 (most significant bit) A7 Q7 1 
bg (odd or even paratity) Ag Qg 0 (most significant bit) 

Correspondence of ASCII(A to EBCDIC(E) code 

To find the 7 -bit ASCII code for a particular symbol, (see table on page 15) write 

down the binary coded decimal number belonging to that symbol; e.g. , the number 

belonging to the letter g is 103, which means that the corresponding binary digits 

for bits b7 to bl of the ASCII code are 1100111. 

1) Condition: A9 is HIGH 

14 December 1970 



F9 family FDR131 Z 
FDR131Z1 

Correspondence of ASCII(A) to EBCDIC(E) code (continued) 

0-15 
A E 

16-31 
A E 

32-47 
A E 

48-63 
A E 

64-79 
A E 

80-95 
A E 

96-111 
A E 

112-1271 
A E 

0 NUL NUL DLE DLE SP SP 0 0 (' ,~ P P ~ T p p 
1 SOH SOH DC1 DC1 ! ! 1 1 A A Q Q a a q q 
2 STX STX DC2 DC2 2 2 B B R R b b r r 
3 ETX ETX DC3 DC3 ~ # 3 3 C C S S c c s s 
4 EOT EOT DC4 DC4 $ ~ 4 4 D D T T d d t t 
5 ENQ ENQ NAK NAK ~ ~ 5 5 E E U U e e u u 
6 ACK ACK SYN SYN & & 6 6 F F V V f f v v 
7 BEL BEL ETB EOB ~ 7 7 G G W W g g w w 
8 BS BS CAN CAN ( ( 8 8 H H X X h h x x 
9 HT HT EM EM ) ) 9 9 I I Y Y i i y y 

10 LF LF SUB SUB ~ ~ J J Z Z j j z z 
11 VT VT ESC PRE + + K K ~ ( k k { 
12 FF FF FS IFS < < L L \ / 1 1 
13 CR CR GS IGS - - _ = M M ] ) m m ] } 
14 SO SO RS IRS > > N N —~ n n - S 
15 SI SI US IUS / / ? ? O O _ _ o o DEL DEL 

Explanation of symbols 

NUL =null 
SOH = start of heading 
STX = start of text 
ETX = end of text 
EOT = end of transmission 
ENQ = enquiry 
ACK =acknowledge 
BEL = bell 
BS = backspace 
HT =horizontal tab 
FF = form-feed 
CR = carriage return 
SO = shift out 
SI = shift in 

DLE = data. link escape 
DC1 to DC4 =device control 
NAK = negative acknowledge 

synchronous idle 
ETB = end of transmission block 
CAN = cancel 

end of medium 
substitute 

ESC = escape 
file separator 
group separator 
record separator 
unit separator 
delete (rub out) 

SYN = 

EM = 
SUB = 

FS = 
GS = 
RS = 
US = 
DEI. _ 

The ASCII to EBCDIC characters for which there was no correspondence have been 
converterd as follows: 

128 -ASCII 256 -EBCDIC 128 -ASCII 256 -EBCDIC 

J 

1) The EBCDIC to ASCII is ' to / 
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FDR131Z1 

FD fc?miiy 

Conversion from EBCDIC to ASCII 

When the standard 8 -bit EBCDIC code is presented to inputs Al to Ag, the correspond-

ing ASCII code plus parity will be delivered at the outputs when Aq is LOW. 

EBCDIC -bits ROM -inputs 1) ROMroutputs ASCII-bits 

7 (least significant bit) Al

,O
 ~

O
 ,

O
 A

 ,
O

 A
 ,

O
 ,O

 
0
0
 
J
 

O
~
 
C
n
 
~
p
 
W
 
N
 
~
 bl (least significant bit) 

6 A2 b2 
5 Ag b3 
4 A4 b4 
3 A5 b5 

2 A6 bb 

1 A7 b7 (most significant bit) 

0 (most significant bit) Ag bg (even parity) 

Correspondence of EBCDIC to ASC II code 

0-15 16-31 32-47 48-63 64-79 80-95 96-111 112-127 

E A E A E A E A E A E A E A E A 

0 NUL I~TUL DLE DLE DS - - - SP SP & Rc - - - -

1 SOH SOH DC1 DC1 SOS - - - - - - - / / - -
2 STX STX DC2 DC2 FS - SYN SYN - - - - - - - -

3 ETX ETX DC3 DC3 - - - - - - - - - - - -

4 PF - RES - BYP - PN - - - - - - - - -

~ HT HT NL - LF LF RS - - - - - - - - -
6 LC - BS BS EOB ETB VC - - - - - - - - -
7 DEL DEL IL - PRE ESC EOT EOT - - - - - - - -

8 - - CAN CAN - - - - - - - - - - - -
9 - - EM EM - - - - - - - - - - - - 

10 SMM - CC - SM - - ~ 4 - ! ! - - 
11 VT VT - - - - - - $ ~ • ~ s 
12 FF FF IFS FS - - DC4 DC4 < < * ~ ~ ~ ~ ~~ 

13 CR CR IGS GS ENQ ENQ NAK NAK ( ( ) ) - - / 

14 SO SO IRS RS ACK ACK - - + + > > _ _ 

15 SI SI IUS US BEL BEL SUB SUB I ~ - ? ? " 

1) Condition: Aq =LOW 
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FD family FDR131 Z 
FDR131Z1 

Correspondence of EBCDIC to ASCII code (continued) 

To find the 8-bit EBCDIC code for a particular symbol (see table below and on page 
16), write down the decimal number belonging to that symbol; e. g. , the number be-
longing to the letter g is 135, which means the corresponding number for the bit po-
sitions 0 to 7 of the EBCDIC code is 10000111. 

128-143 144-159 160-175 176-191 192-207 208-223 224-239 240-255 
E A E A E A E A E A E A E A E A 

a 
b 
c 
d 
e 
f 
g 
h 
i 

- 

- 

- 

a 
b 
c 
d 
e 
f 
g 
h 
i 

- 

- 

- 

j 
k 
1 
m 
n 
o 
p 
q 
r 

- 

- 

- 

j 
k 
1 
m 
n 
o 
p 
q 
r 

- 

- 

- 

— 
s 
t 
u 
v 
w 
x 
y 
z 

- 

- 

- 

— 
s 
t 
u 
v 
w 
x 
y 
z 

- 

- 

- 

— — 
— — 
— — 
— — 
— — 
— — 
— — 
— — 
— — 

- 

- 

- 

- 

- 

- 

A 
B 
C 
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E 
F 
G 
H 
I 

- 

- 

- 

A 
B 
C 
D 
E 
F 
G 
H 
I 

- 

- 

- 

J 
K 
L 
M 
N 
0 
P 
Q 
R 

- 

- 

- 

J 
K 
L 
M 
N 
0 
P 
Q 
R 

- 

- 
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— 
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FQ family 

PACKAGE OUTLINE 24 lead metal -ceramic dual in-line 

I♦

31.30 max 

I 

3.18 
min 

tti 

025 

9.07 
6.97 

y 2.54 f 

i 

152 

0.61 

r 0.43 

nnnnnnnnnnnn
24 23 22 21 20 19 16 17 16 15 14 13 

notch ~ ~~ 

~-ll
l l~Uuuuuuu000u 

15.24 

12.63  
12.57 

.~ 0.26 
0.23 

8.31 
8.21 

7255369 

side view 

top view 

Note s 
1, Leads en opposite sides are designed to fit in holes 15, 24 mm apart. 
2. Pin 1 is marked by a notch and connected to the metal lid on the bottom of the 

package. 
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OM 200 

INTEGRATED CIRCUIT 
AMPLIFIER FOR IN THE EAR HEARING AID 

Monolithic semiconductor integrated-circuit amplifier in a plastic envelope, 
primarily intended for in the ear hearing aids. 

QUICK REFERENCE DATA 

For meaning of symbols: see page 3 fig.1. 

Supply voltage 

Output current 

Total power dissipation up to Tam = 25 °C 

In a practical circuit as given on page 3 fig. 1: 

Total supply current 

Transducer gain 

Power output at dtot = ZO 

Cut-off frequency (-3 dB) 

V1-3 

I2

Ptot 

max. 5 V 

max. 5 mA 

max. 25 mW 

Itot typ. 1 mA 

> 75 dB 
Gtr typ. 80 dB 

Po > 0.2 mW 

fc > 20 kHz 

PACKAGE OUTLINE 

Dimensions in mm 

white do{ 

2.75 max 3.5 min 

CIRCUIT llIAGRAM 

0.~2 maz 

~~  0.3 

X35 maz 

4 

~ 0.635 
0 —{ 3 
E 
aD 0.635 
N 

' 
, 0.635 ~ 
~ 0.4 

~zss2oz 

The sealing of the plastic envelope withstands the accelerated damp heat test of 

IEC recommendation 68-2 (test D, severity IV, 6 cycles). 
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OM200 

RATINGS (Limiting values) 1) 
(for meaning of symbols see page 3, fig.l) 

Voltages 

Supply voltage V1_g max. 5 V 

Output voltage V2_3 max. 5 V 2) 

Input voltage -V4_3 max. 5 V 

Currents 

Output current I2 max. 5 mA 

Input current I4 max. 5 mA 

Power dissipation 

Total power dissipation (See page 6) Ptot max. 25 mW 

Temperatures 

Storage temperature Tstg -20 to +80 ° C 

Ambient temperature Tam max. 80 ° C 

CHARACTERISTICS at V 1 _3 = 1.3 V and T 
fied 
I2 see figure 1 

Supply current (no signal) 

Transducer gain 3) at f = 1 kHz 

V1_g=1.3V;Ta~=-10 ° C 

V1 _3 =1.1V;Ta~= 25 ° C 

= 25 ° C unless otherwise speci-

Itot < 1.2 mA 

I1 typ . 0.34 mA 

> 75 dB 
typ. 80 dB 

typ. 78 dB 

typ. 76 dB 

Gtr 

Gtr 

Gtr 

1) Limiting values according to the Absolute Maximum System as defined in 
IEC publication 134. 

2 ) This value may be exceeded during inductive switch-off for transient ener-
gies < 10 µWs. 

3) The transducer gain is defined as the ratio of the 
output power in the load of) ZI = 1.5 kS2 and the 
available input power of the source with RS = 5 kS2 

Po
Gtr 

Vi2/4RS 
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OM 200 

CHARACTERISTICS (continued) 
at V1_g = 1.3 V and Tamb = 25 °C unless otherwise specified 

I2 see figure 1 

Total distortion at f = 1 kHz 

Po = 100 µW 

Po = 200 µW 

Noise figure at RS = 5 kS2 

Bandwidth f = 400 to 3200 Hz 

Cut-off frequency (-3 dB) 

Value of RF  to adjust I2 at 0.7 mA 

I2 = 0.7 mA, 
adjusted by means of Rg. 
V1_3=1.3V;Ta~=25°C. 

typ. 4 
dtot < 6 °J c 

dtot < 10 

F < 6 dB 

> 20 kHz 

> 50 kS2 
RF typ. 300 kS2 

< 700 kS2 

Fig.l 

SOLDERING RECOMMENDATION 

A: Iron soldering 

At a maximum iron temperature of 300 oC the maximum permissible sol-
dering time is 3 seconds, provided the soldering spot is at least 0. 5 mm 
from the seal and the leads are not soldered at the same time. Soldering in 
immediate subsequence is allowed. 

B: Dip soldering 

At a maximum solder temperature of 250 °C the maximum permissible 
soldering time is 3 seconds, provided the soldering spot is at least 0.5 mm 
from the seal. 

October 1968 3 



OM200 

7205994 —20.1 . ogj 

M
ox

. o
llo

w
o

b
le

 p
ow

er
 d

is
si

p
o
i-io

n
 

ve
rs

us
 a

m
bi

en
t 

te
m

p
e

ra
tu

re
 

Q 

N 
0 

T
,n

b
 (

°C
) 

10
0 

O 

O 
~o 

O 

O 
N 

O~ 

October 1968 



~~ 

ii 
ii    i 
ii  i  ii ~~  i ~ 

~~ ~~~~ ~ ~ ~~~~ r  ~ ~~ uo ~t ■ ~~~~ ~  ~~ ~~ ■~~ w i~ ~~~~ r 
ii 

ii 
si 
ii 
ii 
ii 
ii 
ii 
ii 
■ 

 ,,::~ ndi  ~i ~ 
 r ~~iiiii~r  ~i '  ~~ i~ 

iii~iow~ i 
~~ 

~iii~i  ~ i n 
i~ 

~M200 

11 

~~ 
a. 
0 
a 
e 0 

ca 
k 

4 

0 

riu~ 
im 

■ om n~~~ r 

■~~ 11 ~ ~r  ~~ 

ii ^ 
uu~  i  ~ w  

o ,  i i~ ~~ 
~ ~ ~~ a 

d 

u 
w 

I=- 

~ ~~ 

~ ~ c 
a 

c 

~~ 

0 

0 

~' 
h 
0 
n 

N +r m c~ a 
O 

^~ 
w 
0 
4 

0 

e~ 

0 

a 
Q 0 
N 
W 

U 

h d 

O 

O 
U .~ 

~N Q 
N 

N 
i 

O 

co 
i 

~O 
O O 

O 
I 

m 
U 

O 
O ~ 

O 

O 
N 

O 

O 
N 

i 

U 0 
a 

~~ 
O 
~o 

O 
N 

O 

O 
N 

N ~ 
O O 

October 1968 



OM200 

0 

N 
I 

h 

0 

N 

rn

M 

O~ 

Q 

C 
O 

C~ 
0.  

  j 

 ~ a 
 _~
  I u 

r"f 4 
■ 

S 

iii 

 ~u~qu~ 

~~ 
I~~~r ~~II 

I~~VI 

II~~~P~ 
~I~~~I/ 

Il~~~ 
r 

~~~~►~~~~I O 
i+ 

ti  

Q 0 

u 

~I~~ I~~~\ri~~~~ll 
I. 

nr 
r, I 

.~~~. u u 

., r/ 
r. 

,/ 

Z 

N O ~o N 

0 
1 

O 
O ~ 
~o 

0 
N 

O 

O 
o~j 

a 
c 
c 0 

.o, 

H 

Q 
0 
N 
W 

l 

V 

ti

 ~! ~' 

♦., o O 
00 
~-

N 

30
0 

P
 (~

W
j 

4
0
0
 

O 
O 
N 

0 0 

6 October 1968 



TAA 263 

LOW-LEVEL AMPLIFIER 

The TAA263 is a semiconductor integrated amplifier in a 4-lead TO-72 metal enve-
lope. It comprises athree-stage, direct coupled low-level amplifier for use from 
d.c. up to frequencies of 600 kHz. 

QUICK REFERENCE DATA 

Supply voltage Vg max. 8 V 

Output voltage V3_4 max. 7 V 

Output current 

Transducer gain at Po = 10 mW 

RL, = 150 S2; f = 1 kHz 

Operating ambient temperature 

I3 

Gtr

Tamb 

max. 25 

typ. 77 

-20 to +100 

mA 

dB 

°C 

PACKAGE OUTLINE 

TO-72 

3 , 2.54' ' 
N i. 

5.8`^°` 
~ ~;. 

E i 

Dimensions in mm 

5.3`^° ~~ 
12 7 min 

7209667 
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TAA263 

CIRCUIT DIAGRAM 
z 

RATINGS Limiting values in accordancewiththe Absolute Maximum System (IEC134) 

Voltages 

Supply voltage 

Output voltage 

Input voltage 

Currents 

Output current 

Input current 

Power dissipation 

Total power dissipation up to Tamb - 65 °C 

10~ 

Ptot 
(m W) 

50 

~ 50 

7Z0730B 

0 50 100 Tamb (°~) 

Temperatures 

Storage temperature 

Operating ambient temperature 

VB max. 8 V 

V3_4 max. 7 V 

—Vl _4 max. 5 V 

I3 max. 25 mA 

Il max. 10 mA 

Ptot max. 70 mW 

Ts tg 

Tamb 

—65 to + 100 °C 

—20 to + 100 °C 

a 
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TAA263 

CHARACTERISTICS 

Test circuit: 

Currents 

Output current 

Total current drain (no signal) 

Over-all small signal current gain 

f=1kHz 

Transducer gain 

f = 1 kHz; Po = 10 mW 

Output power at f = 1 kHz; dtot = 10~ 

dtot = 5~ 

Noise figure 

f = 400 Hz to 6 kHz 

f = 450 kHz; ~f = 5 kHz 

1) Z~lOSlatf= 1kHz 

Tamb = 25 ° C 

I3 typ. 12 mA 

I2+I3 < 16 mA 

hf tot typ. 5.10 

> 70 dB 
Gtr typ. 77 dB 

Po > 10 mW 

Po > 8 mW 

typ. 5 dB 
< 10 dB 

F typ. 2.7 dB 
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TAA263 

CHARACTERISTICS (continued) 

y parameters (point 4 common connection) 

Tamb = 25 oC 

Vg=6V;I3 =3mA;V3 _4 =4.2V 

f=1kHz 

Input admittance yi = gi typ. 20 µS2-1

Transfer admittance yf = gf typ. 11 52 -1

Output admittance 

f = 450 kHz 

y0 = g0 typ. 60 µS2-1

Input conductance gi typ. 15 µS2-1

Input capacitance Ci typ. 14 pF 

Transfer admittance ~yf ~ typ. 9.4 52-1

Phase angle of transfer admittance `Pf typ. 1250

Output conductance g0 typ. 20 µS2-1

Output capacitance C0 typ. 13 pF 

~~ r 
!' 
~, 
s 
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TAA 293 

GENERAL PURPOSE AMPLIFIER 

The TAA293 is a general purpose integrated amplifier which can be applied in var-
ious audio and i.f. applications. It configuration furthermore allows the use of the 
TAA293 in multivibrators, pulse amplifiers, trigger circuits, etc. 

QUICK REFERENCE DATA 

Supply voltage V7_4 nom. + 6.0 V 

Small signal current gain of first transistor 
Ig = 1 mA; V8_1 = 1 V hfe typ. 80 

Transducer gain Gtr typ. 80 dB 

Noise figure (30 to 15 000 Hz) F typ. 6 dB 

Frequency response (-3 dB) typ. 600 kHz 

Output power Po > 10 mW 

PACKAGE OUTLINE 

TO-74; reduced height 

0.8~• o~ 

0 
E 

m 

Dimensions in mm 

4.67'^°' 12.7'"'" , 
)Z55326 
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TAA 293 

CIRCUIT DIAGRAM 

~ws 

The diodes drawn with dotted lines are 
the parasitic diodes formed by the P-N 
junction of the resistor -diffusions in the 
N-isle and of the N-isle to the P -sub-
strate respectively.Takingaccountofthe 
parasitic diodes one can prevent any un-
wanted effects due to their becoming con-
ducting under certain conditions of d.c. 
potentials or signal voltages. 

.:~~+.~ 

RATINGS Limiting values in Accordance with the Absolute Maximum System (IEC134) 

Voltages 

Currents 

V9-1 max. 7.0 V 

V8-1 max. 7.0 V 

V8-10 max. 7.0 V 

V9-3 max. 7.0 V 

V9-4 max. 7.0 V 

V8-4 max. 7.0 V 

Vi -4 max. 7.0 V 1) 

V6-4 max. 7.0 V 
V~-4 max. 7.0 V 

V1-10 max. 6.0 V 

V3-2 max. 6.0 V 

I~ max. 40 mA 
-I4 max. 40 mA 
-I1 max. 20 mA 

Ig max. 20 mA 

-I3 max. 10 mA 
I10 max. 10 mA 
I2 max. 10 mA 

—+ 1) Pin 7 must be at the highest potential to avoid unwanted influence of the parasite 

diodes. 
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~AA293 

RATINGS (continued) 

Total power dissipation 
wo 

Ptot 
(mW) 

1 

( 
—20 0 100 125 

Temperatures ,~,a,,, --~ Tame (°c) 

Storage temperature Tstg -20 to + 125 °C ~--

Ambient temperature Tam -20 to + 125 ° C 

CHARACTERISTICS at Tamb - 25 °C; V7 _4 = 6 V 

Collector current 

of the last transistor 

Small signal current gain 

I5 typ. 12 mA 

of first transistor 
I8 =1mA;V8 _1 =1V hfe 

> 
typ. 

30 
80 

Saturation voltages 

V7_1 = 6 V; R9-10 = 35 kSt V8-1 sat typ. 100 mV 
V7-4=6V;R4=2kS2;V2-3=0 V5-4 sat typ. 600 mV 

Noise figure of first transistor 

I1 = 100 µA; RS = 2kS2; V g -1 = 6 V 
B = 30 Hz to 15000 Hz 

F 
typ. 
< 

6 
10 

dB 
dB 

Transducer gain at f = 1 kHz 

Po =10mW Gtr 
> 
typ. 

70 
80 

dB 
dB 

Output power  at dtot = l~ Po > 10 mW 

Test circuit for measuring the transducer gain and the output power 

6V 
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TAA31J0 

INTEGRATED 1 WATT AUDIO AMPLIFIER 

A complete a.f. amplifier in monolithic integrated form incorporating special mea-
sures to prevent cross-over distortion throughout an exceptionally wide usable range 
of supply voltage (4.5 V to 10 V. This, in combination with its low drain current, 
makes the TAA300 ideally suited for use in battery operated equipment. Due to the 
high a. c. feedback (= 20 dB) the distortion and spread in gain is very low. 

Supply voltage 

Output power 

Input signal for Po = 1 W 

Input impedance 

Load impedance 

Total current (no signal) 

PACKAGE OUTLINE 

TO-74; reduced height 

QUICK REFERENCE DATA 

Vg nom. 9 V 

Po typ. 1 W 

Vi typ. 8.5 mV 

(Zil 
typ. 15 ldl 

RL 8 S2 

Itot tYP 8 mA 

t 

Dimensions in mm 

7

a 
E 

 ~~O
 1 

V 

4.67'"°" 
f - y 12 7'"'" 

~Z 55326 
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TAA300 

CIRCUIT DIAGRAM 

R8 

1D, 
2D2 

6 F- R4 
2.SkSi 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

V ol«ges (see test set-up on page 4) 
V4 _1 max. 10. ~ V 

V ~ _g max. 6 V 

V8 _~ max. 6 V 

VZ_g max. 6 V 

V2_1 max. 10.5 V 

V4_2 max. 10.5 V 

Currents (sec test set-up on page 4) 
—I l max. 600 mA 

± IZ max. 600 mA 

+I4 max. 600 mA 

Total po~~-cr dissipation 

Temperatures 

Storage temperature 

Operating ambient temperature 

Ptot 

Tstg 

Tamb 

see next page 

—55 to +150 oC 

—55 to +150 oC 

2 November 1968 



TAA300 

RATINGS (continued) 
vlaximum allowable total power dissipation versus ambient temperature 

Ptot 
(W) 

0.5 

0 

7209721 
4.  

= s.  

.~   _ ~rh ■■. t~ ■■■, A ■.. 

__  •_ °tsi~k ~ s? ~o~: 

 ̀ ~~ei= 5~; a:~='fie:==== ._ 

CHARACTERISTICS at 

0 50 100 ToR b(°C)150 

Tamb = 25 °C; VB = 9 V 

~~easured in the test set-up on page 4 

Output power  at dto[ = 10% 

Bandwidth  (-3 dB) 

Total currcnt(d.c.) 
no signal and excluding output transistors: 
Frith signal at Po = 1 W: 

Total distortion at Po = 0,5 W 

Input ,ignal at Po = 1 W 
Po = 0.5 W 

Input impedance 

1✓fficicncy 

Signal to noise ratio related to Po = 1 W 

RS =2kS2;B=3U Hz tolSkHz 

Noise output power 
input short circuited; B = 30 Hz to 15 kHz 

Preset resistor for Itot = 8 mA 

Po typ. 1 W 

> 10 kHz 
B 

typ. 25 kHz 

Itot typ• 4 mA 

I tot tYP 180 mA 

tYP• 0.7 
dtot < 3 

Vi typ. 8.5 mV 
Vi < 8.5 mV 

> 10 kSt IZi
typ. 15 kSl 

rl typ. 60 

S > 70 dB 
N typ. 75 dB 

PN typ. 

< 

10 

20 

nW 
nW 

Rpr 4 to 25 kS2 
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TAA300 

TEST SET-UP 

+Vg 9V 

To prevent high-frequency instability, the following precautions must be taken. 

a. Keep the lead inductance from the positive voltage supply to pin 4 to a minimum. 

b. Because of the high internal resistance of batteries (especially at end of life) a 
large capacitance should be connected between pin 4 and ground. 

c. A capacitor of at least 47 nF should be connected between pin 2 and ground to pre-
vent instability of the lower Darlington output transistor (see also test set-up). 

d. Avoid coupling between output and input leads (especially those carrying signals 
from ahigh-impedance source) . This coupling canbe reduced by using short leads, 
shielded input cable or by limiting the upper frequency to 15 kHz by means of a 

capacitor of 560 pF between pin 7 and ground. 

4 November 1968 



TAA300 

15 

dtot 
(°%) 

10 

7209718 

5 

typical distortion versus 
output power 

0 
0.1 

i 
R

Pa (W) 10 

72097231.5 typical total power dissipation 

Ptot  
versus output power  

(W) 

1 

0.5 I 

010 

10 

G 
(d8) 

5 

0 

-5 

7209719 
typical frequency res•onse 

-10 

with feedback 

 w'thout feedback 

10 2

1000 

~i(rms) 
(mV) 

100 

102 Po (mW) 103

10 

1 

103 104 f(Hz) 105

7209717 
typical r.m.s. input voltage 
versus feedback resistor 

011

 ~~~ 
 Qo o<•̀' 

10 100 Rt(,f1) 1000 
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TAA 300 

54 

G 
(d8) 

52 

50 

48 

46 

7zos7zo 
typical voltage gain 
versus ambient temp 

! t i i r 
j ' i 

j'~~~ 

_' . 
;~ ~ ~~ 

~ Y

 ~;-- ~ 

~ J~ 

i 

y 
_ 

_ ~ Y + _ 
_ _ --~~ 

-, 
1 '+~  ~ 

i ~ 
~  i 

, ~ ~ ~ , ~ '; 
~--.~ 

—50 

6 

Va

(V) 

4 

2 

0 50 Tamb(°C)100 

7zos7zz 
typical midpoint voltage versus 
supply voltage  
~i : ~__ 

00
5 

1 

 i 

VB(V) 10 

10 

Po

(W) 

1 

0.1 

0.01 

15 typical total current versus 

7209715 

typical output 
load impedance 
a: at dtot=l0% 
b:before clipping 

power versus .=

-" 
1i

~+—+-a 

b 

r 

-_  

~ ~ it Y+ 

10 IZ~I(.~.) 100 

7 ZO 9716 

Itot 
supply voltage  

(mA) ' ~i 

10 

i s

5 VB (V) 10 
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TAA310 

A.F. PREAMPLIFIER 

The~TAA310 is a monolithic integrated circuit designed for use as an a.f. high -gain 

preamplifier, with a very low noise figure (<4d6) and a high voltage gain of at least 

90 dB. Because this gain can be achieved at a low load impedance (1 kS2) and the 
input impedance is high, the TAA310 is specially suited for the recording and play-
back amplifier in tape recorders . 

QUICK REFERENCE DATA 

Supply voltage VB nom. +7 V 

Voltage gain Gv typ. 100 dB 

Noise figure (B = 30 to 15.000 Hz) F typ. 2.5 dB 

Input impedance zi typ. 20 kS2 

PACKAGE OUTLINE 

TO-74; reduced height 

8 0.86"'°' e ~~ ~ j 

F 
to 
m 

- 5.I nom ~ 

9 .(~ma■ 

Dimensions in mm 

4.67 mar 
~a 

12.7mm 

Pins 1 and 6 are not connected 

'!255326 

September 1969 1 



TAA310 

CIRCUIT DIAGRAM io 5 

3 
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TAA310 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Voltages 

V5-2 max. 9.5 V 
V3_2 max. 9.5 V 
Vlp-g max. 6 V 
Vg -7 max. 6 V 

V9-10 max. 6 V 
V4-2 max. 6 V 

The pins 3, 4, 5 and 10 must never have a negative potential with respect to pin 2 
(substrate). 

Currents 

I3 max . 20 mA 
I~ max. 3 mA 

-Ig max. 10 mA 
-Iq max. 10 mA 

110 max . 10 mA 
I4 max . 3 mA 

Total power dissipation 

200 
Ptot 

ImW)160 

1 

100 

0 
-25 

Temperatures 

Storage temperature 

Operating ambient temperature 

+60 +75 
~ Tomb ~°C) 

~Tstg 

Tamb 

-20 to +125 °C 

-20 to +75 °C 

July 1969 3 



TAA310 

CHARACTERISTICS at Tamb = 25 °C 

D.C. current gain 

of first transistor 
I10 = 100 µA; V10-7 = 0 hgg > 40 

Input impedance at f = 1 kHz 

I10 = 100 µA; V 10-7 = 0 zi typ. 20 kS2 

> 93 dB 
Voltage gain Gv

typ. 100 dB 

Noise figure 

RS = 2 kSt; B = 30 to 15000 Hz F 
typ. 
< 

2.5 
4 

dB 
dB 

Output voltage at dtot = 10°~o Vo(rms) typ. 2 V 

Cut-off frequency (-3 dB) fc _> 15 kHz 

Saturation voltage 

V3-2 sat 
typ. 
< 

0.8 
1.2 

V 
V 

of output transistor at I3 = 7 mA 

D.C. collector voltage 

of output transistor at Iq = 200 µA V3-2 
typ. 3.8 
3.4 to 4.2 

V 
V 

Test circuit for measuring Gv, F, Vo(rms)~ fc and V3.2 at VB = 7 V 

4 July 1969 



TAA310 

APPLICATION INFORMATION 

Practical tape -recorder preamplifier with a TAA310. 

riiii 
1nF 25NF 

47kR 10kR 

10 5 l6 R 

10k52 26yF 

TA A 310 µ 
Onb+4~F 

~ 

27nF 1 ~~'~ 68nF 
`~ 

60
2 100kR 

4.7kR 39kR 
1 ~~ 

25yF 

Switch in 
play-back 

position 47kR 

s6oR T
S6nF 

' 4.7mH 

19kR 150kR 2708 1kR 

T ~  T T T 

Data for use as recording amplifier (measured at f = 1 kHz) 

6752 

Voltage gain Gv

Frequency response (see page 6) 

Distortion at Vo(rms) = 0.5 V dtot 

Volume control range 

Signal handling 

Gain variation 
at Vg decreasing from 7 to 5 V OGv

64 t 2 

~ 0.5 

typ. 75 

> 20 

typ. 3 

dB 

°~o 

dB 

mV 

dB 

Data for use as play -back amplifier (measured at f= 1 kHz) 

Voltage gain Gv 64 ± '2 dB 

Frequency response (see page 6) 

Distortion at Vo(rms) - 0.5 V dtot ~ 0.5 

Gain variation 
at Vg decreasing from 7 to 5 V ~Gv typ. 3 dB 

October 1968 5 



TAA310 

20 
~G~ 
(d B) 

1 15

10 

5 

0 

5 

—10 

20 
~ G„ 
(d B) 

15 

10 

5 

0 

5 

—10 

7252382 
I f

frequency response curve of tape-recorder 
pre-amplifitr during recording 
gain at 1k Hz is 64dB 

typ 

A

2 5 

10 102
2 5 

3 0 
2 5 2 

10 ~' 
5 

105
—~ f (Hz) 

7252383 

1 f I 

frequency response curve of tape -recorder 
pre -amplifier during play-back 
gain at 1k Hz is 64dB 

typ 

10 
2 5 

102
2 5 

103
2 5 

10~ 
2 5 105 

---► f (Hz ) 
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TAA320 

INTEGRATED MOST AMPLIFIER 

The TAA320 is a silicon monolithic integrated circuit, consisting of a MOS tran-
sistor and an n-p-n transistor in a TO-18 metal envelope. 

The device is primarily intended for audio amplifiers with a very high input resis-
tance (e.g. for crystal pick-ups). 
Besides this application the TAA320 is also suitable for other applications where a 
high input resistance is required, like impedance converters, timing circuits, mi-
crophone -amplifiers, etc. 

QUICK REFERENCE DATA 

Drain-source voltage (VGS = 0) - VDSS max. 20 V 

Drain current -ID max. 25 mA 

Gate -source voltage 
-ID = 10 mA; -VDS = 10 V -VGS typ. 11 V 

Gate-source resistance 
-VGS up to 20 V; T~ up to 125 °C rGS > 100 GS2 

Transfer admittance at f = 1 kHz 
-ID = 10 mA; -VDS = 10 V ~ Yfsl typ. 75 mS2-1

PACKAGE OUTLINE 

TO -18 
116'145° 

7 
~~~ 

5.3`"°`
F 

bottom view 

Source connected to the ca:3e 

Accessories available; 56246, 56263 

Dimensions in mm 

E 

~~O t 
1 =drain 
2 =gate 

12 7'"'" _~ 3 =source 
7209666 
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TAA320 

CIRCUIT DIAGRAM 1k52 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages 

Drain -source voltage (VGS - 0) -VDSS max. 20 V 

Gate -source voltage (ID = 0) -VGSO max. 20 V 

Non repetitive peak gate -source 
voltage (t < 10 ms) - VGSM max. 100 V 

Current 

Drain current -ID max . 25 mA 

Power dissipation 

Total power dissipation up to Tamb = 25 °C Ptot max. 200 mW 

Temperatures 

Storage temperature Tstg -65 to +125 °C 

Junction temperature Tj max. 125 oC 

THERMAL RESISTANCE 

From junction to ambient in free air Rth j -a 0.5 °C/mW 

2 October 1968 



TAA320 

CHARACTERISTICS 

Drain current 

T~ = 25 oC unless otherwise specified 

typ. 5 nA 
-VDS = 20 V; VGS = 0 - TOSS ~ 1 µA 

Gate-source voltage 1) 

-VGS 
typ. 

9 to 
11 
14 

V 
V 

-ID = 10 mA; -VDS = 10 V 

Gate-source resistance 

rGS > 100 GS2 -VGS up to 20 V; T~ up to 125 °C 

Equivalent noise voltage 

-ID = 10 mA; -VDS = 10 V 
B = 50 Hz to 15 kHz 

y parameters at f = 1 kHz 

v❑ typ. 25 µV 

-ID = 10 mA; -VDS = 10 V 

Transfer admittance ~yfs~ 
typ. 75 
40 to 120 

mSl-1
mS2-1

Input capacitance Cis typ. 8 pF 

Feedback capacitance -Crs typ. 1.5 pF 

Output conductance gos typ.0.65 mSl-1

NOTE 

To exclude the possibility of damage to the gate oxide layer by an electrostatic 
charge building up on the high resistance gate electrode, the leads of the device 
have been short circuited by a clip. The clip has been arranged so that it need not 
be removed until the device has been mounted in the circuit. 

1) - VGS decreases about 6 mV/oC with increasing ambient temperature ata con-
stant -ID. 

October 1968 3 



TAA320 

APPLICATION INFORMATION 2 W audio amplifier with TAA320 and BD115 

4.7k4 

 ~~ 
50NF 

~~ 

G 

~—~---
1M4 

TA A 320 

G.7 180 
kR St 

~~ 
zoouF  

S6nF 

6.BnF 

VB

3908 3.34 ZOONFT 

BD115 

564 

//// 

• The voltage dependent resistor (2322 552 03381) suppresses voltage transients that 
might otherwise exceed the safe operating limits of the BD115. 

Supply voltage Vg = 100 V 

Collector current of BD115 IC typ. 50 mA 

Drain current of TAA320 -ID typ. 9.5 mA 

Primary d.c. resistance of output transformer 140 S2 

Primary inductance of output transformer 2.7 H 

A.C. collector load for BD115 1.8 kSt 

Performance at f = 1 kHz; feedback = 16 dB 

Output power at dtot = 10°/~~ 
(on primary of the output transformer) Po typ. 2.6 W 

Input voltage for Po = 50 mW Vi(rms) typ. 13.5 mV 

Input voltage for Po = 2 W Vi(rms) typ. 86 mV 

Total distortion at Po = 2 W dtot typ. 3.6 °~o 

Minimum frequency response (-3 dB) 60 Hz to 20 kHz 

Signal-noise ratio at Po = 2 W typ. 73 dB 

Mounting instruction for BD115 

Proper continuous operation is ensured up to Tamb = 50 °C, provided the BD115 is 
directly mounted on a 1.5 mm blackened Al. heatsink of 30 cm2 with a clamping 
washer of type 56218. 
If the transistor is mounted on a heatsink with a mica washer, the heatsink should 
have an area of 50 cm2. 
Recommended diameter of hole in heatsink: 7.7 mm. 

October 1968 



TAA320 

APPLICATION INFORMATION (continued) 

4 W audio amplifier with TAA320 and 2 transistors of type BD115. 

 .r+ 

8.2k4 

BD115 

1  G 
TA A 320 

1MS2 

22kS2 

200yF 

—^ 

SkS2 HIkf2 

d F 

BD 16 

390SZ 1052 200yF; 

22R 

4yF 

4752 

664 

~B 

~zssmc 

Supply voltage VB = 200 V 

Collector current of a BD115 IC typ. 52 mA 

Drain current of TAA320 -ID typ. 8.6 mA 

Performance  at f = 1 kHz; feedback = 12 dB 

Output power at dtot = 10~ Po typ. 4.5 W 

Input voltage for Po = 50 mW Vi(rms) typ. 7.5 mV 

Input voltage for Po = 4 W Vi(rms) typ. 67 mV 

Total distortion at Po = 4 W dtot typ. 6 

Minimum frequency response (-3 dB) 50 Hz to 20 kHz 

Signal-noise ratio at Po = 4 W typ. 73 dB 

Mounting instruction for BD115 see page 4 
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TAA320 

dtot 

( °% ) 

15 

10 

5 

2W circuit 
Tam= 25°C 

~zoelz~ 

aaaaa~aaaa■aaaaraaaa■aana■aaaa 
~': 

■aaaaraaaaraaaaaaaaa■aaaaraaaaioo 

r~ 

00

-_. 

1 2 Po (W) 3 

d tot 

(°L°) 

15 

10 

5 

4W circuit 
Tamb=25°C 

~zoetze 

aaaar■aaaar/aaaaaaaar~i 
i 

~~ 

■■■..s. 
00

._ 

2 4 Pa (W) 6 

~
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TAA320 

300 

bis 
(~~fL-1) 

200 

100 

7208133 
typical values 
-VOg = 10V 

Tamb =35°C 

^A' 

MHz 

0 
0 

. • 0.5 z 
~0. MHz 

20 9 i s (p d1-1) 40 

7208132 

180° 80 60 40 
typical values 
-Vpg=10V 

1 Tamb = 25 °C ~~~~~ 
~~~?-/ //. 

~`~~ O/ ~ 

~♦ 210°`~ `` 
` ~ ~ ~ ~i_`"i~~ 

`` `~~~% s__~ ~ ~--i / _ ~ ~__i
225°̀ x` ~`~ ~~ % ~ ~~ 

240°~`~  =300° 

255°~` 85° 
270° 

80 

Ivfs~ 
(m,f1-1) 

60 

40 

20 

typical values 

Tamb= 25 °C 
f=1kHz 

7208128 

_, 
■■■■ 1 ~'..:'.~'.'. .:~ -.■■~ 
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~:..■. 
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.■■ ~■.; ■■■ ~  ■■■ iv .■■~ ■■■  ■°~ ~ 

~ ■~~ ~ ~~~ ~ ~~~ n.c- 

"_-.■■ 

■~~ ■ ..~ ,, ..~ . ..~ . 
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TAA320 

2 

9 os 
(m,f1-1) 

15 
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0.5 

7208134 
typical values 
Tamb=25°C 
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00
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TAA350 

WIDEBAND DIFFERENTIAL LIMITING AMPLIFIER 

A monolithic integrated i.f. amplifier for f.m. Differentialamplificationwithcurrent 
driven long-tailed paires gives high a.m. rejection, making the amplifier suitable for 
use with very simple f.m. detectors. The TAA350 can be driven eithersymmetri 
cally or asymmetrically. 

QUICK REFERENCE DATA 

Supply voltage 6 V 

Frequency 5.5 MHz 

Total current 

Voltage gain 

Input limiting voltage 

Frequency response (-3 dB) 

Output impedance 

typ. 20 mA 

typ. 80 dB 

typ. 100 µV 

typ. 12 MHz 

typ. 75 S2 

PACKAGE OUTLINE 

TO-74; reduced height 

Dimensions in mm 

-` 

4.67 mo• 
~--► 

12.7min 
7Z 55326 
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TAA350 

CIRCUIT llIAGRAM 
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TAA350 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages with respect to pin 3 

Pin No.l when V2_3 - V1-3 ~ V9-3 V1-3 0 to+10 V 

Pin No.2 when V1 _3 = V2_3 < V9_3 V2_3 0 to +10 V 

Pin No.4 (do not apply an external voltage source) V4_g 0 to +10 V 

Pin No.5 when at I I5I < 20 mA; V5_3 < V9_3 V5-3 0 to +10 V 

Pin No.6when at ~I6~ < 20 mA; V6-3 < V9_3 V6_3 0 to +10 V 

Pin No.7(do not apply an external voltage source) V7_3 0 to+10 V 

Pin No.9(with lower d.c. potential on all other terminals) Vq_g 0 to +10 V 

Do not connect pins 8 and 10, except to earth. 
The maximum signal voltage between pins 1 and 2 is 6 V. 

Total power dissipation 

OFi 

Ptot 
(W) 

0.4 

a2 

0 

7209888 

0 50 Tamp(`C)100 

Temperatures 

Storage temperature Tstg -25 to +125 oC 

Operating ambient temperature Tam -25 to +125 oC 
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TAA350 

~. 

CHARACTERISTICS Tam = 25 oC unless otherwise specified 

Because the TAA350 has a low ohmic output impendance and is usually driven by a 
bandpass or parallel tuned filter, the characteristics are described in terms of four 
pole hybrid k parameters. 
The four-pole equations are: 

Total current  (d . c .) 1) 

Test circuit for measuring Itot = (V9-3) 

k parameters  (see pages 6 to 9 ) 
f=5.5MHz;V9_3=6V 

Input conductance (input pin 2) 
Input susceptance (input pin 2) 
Reverse current transfer ratio 

Ii = kiVi +krIo

Vo = kpVi +koIo

Itot 
(m A) 

40 

zo 

~zaass~ 

f 

r i 

~r 

~~ 

0 

(output pin 6, input pin 2) 2) 
Small signal voltage gain (input pin 2, output pin 6) 
Real part of output impedance (output pin 6) 
Imaginary part of output impedance (output pin 6) 

f=10.7 MHz;V9_3=6V 

Reverse current transfer ratio 
(output pin 6, input 2) 2) 

Small signal voltage gain (input pin 2, output pin 6) 

Input limiting voltage (see pp 5 and $) 3) 

f = 5.5 MHz; Vq_g = 6 V 

5 V9_g (V) 10 

gi tyP. 400 µS2-1

bi typ. 550 µS2-1

Ikr~ typ. -90 dB 
Ikf l typ. 67 dB 
Re(ko) ryp. 75 S2 
Im(ko) typ. 20 S2 

Ik~ typ. -80 dB 
Ikf l typ. 65 dB 

Vilim typ. 100 µV 

1) The power dissipation is obtained from V9 _3 x Itot• 

2 ) The output is considered open for RL >.10 1dZ and CL < 10 pF. 

3) 
Vi lim is defined as the input signal voltage which reduces the output voltage 3 
dB from its max. level (see also page 5). 
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TAA350 

CHARACTERISTICS (continued) 

10°

Up 

(mV) 

103

102

10 

~zo9sae 

3dB~
typ 

10 102 103

Test circuit for measuring the output characteristic 

Im(ko) 
(n) 

10`` Vj (µV) 105

7209695 

typical values 

50 

0 

-50 

3M iz 
2MHz 

f=1MHz 1 

.20MHz 

~ 8MH2 
MHz 

.5MHz- 
•MHz 

!i~'~ 
tOMHz 

0 50 Re(k~Ul) 100 
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TAA350 

CHARACTERISTICS (continued) 

Test circuit for measuring the input characteristic 

504 

~ admittance bridge 

1500 

bi 

(un~) 

1000 

500 

USVH 

selective 
vdtmeter 

t00nf 

7209684 

typical values 

f_15MHz, 

10MH 

  55 

NHz 

  1MHz 
0 
0 500 gi(uSl) 1000 

V9-3 

6 April 1969 



TAA350 

CHARACTERISTICS (continued) 

Test circuit  for measuring the reverse current transfer ratio 

~ amplifier 

auxiliary amplifier 
BF115 ~ t00nF 

vector wltmeter 

~zossea 150°

210°

"1° "1' 100nF t00nF 

120°

240°

Vq_3 

us 

90°

270° 300°

April 1969 7 



TAA350 

CHARACTERISTICS (continued) 

Test circuit for measuring the small signal voltage gain and the input limiting voltage 

kf = Ikfl.e l~f, where 

Ikf I = (20 log 
VB 

+ 40) dB; <pf = WAB—Wa 
A 

cpAB =phase angle between VA and Vg 

18 

210 

Vi lim =VBmax -  3 dB 

To find VBmax raise VA until 
VB remains constant 

60°

300°

0°

~f 

o° 

330°

7209682 

8 April 1969 



TAA370 

HEARING-AID AMPLIFIER 

Integrated monolithic a.f. amplifier for use in hearing aids. The collector current 
of the class A output transistor can be determined externally, making the circuit 
suitable for a wide range of output powers at a low current consumption. Provision 
is made for the use of peak-clipping and frequency compensation circuits, and spe-
cial measures have been taken to minimize the influence of temperature and supply 
voltage variations. 

QUICK REFERENCE DATA 

Supply voltage VB nom. 1.3 V 

Transducer gain Gtr typ. 90 dB 

Output power at dtot = 10°0 Po typ. 1.5 mW 

Saturation voltage of TR7 
at IC=SmA; V6_2=1.3V V3-2sat < 300 mV 

Current consumption of all stages 
except output stage I typ. 0.35 mA 

Noise figure F typ. 3 dB 

PACKAGE OUTLINE 

TO-89 

1.75"" 

OA2 
0.26 

66"'°• 

10 66

I
u U 

n ~ n 

— m4 
n~ 

`~ V `! ti .! `! 

u~~Ioss~~Ll17 ~~ ~ ~ 
~ 

+nvoo 

July 1969 1 



TAA370 

CIRCUIT DIAGRAM 
10 

6kS2 

8 • 

R1 

10kR 

Ri 

R3 

R2 

tOk4 

R2 

1 
R4 

10kR 

TR3 

RS 

10k52 
R6 

TR4 

2.Skf2 

R7 

R6 

20kS2 

TRS 

R9 

4k4 

R6 TR7 

44 

•6 

 •4 

 •3 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages 

Currents 

V6_2 max. 5 V 

V3_2 max. 5 V 

V8_2 max. 5 V 

V5_q max. 5 V 

I2 max. 20 mA 

I3 max. 20 mA 

Maximum allowable total power dissipation versus ambient temperature 

150 

Ptot 
(mW) 

100 

50 

0 
-55 

 Z 

~~~~~~~~~~~~~~~~~~~~~~~~~~ii~~~~~~~~~~~~~~~~~~ 

1 

_. 

i1 
■ 

iii 
~~iii~~t~~~~~~~~~~~~~~~~~~~~

Temperatures

Storage temperature 

Qperating ambient temperature 

0 50 100 Tamb(°C)150 

Tstg 

Z'amb 

-55 to +85 ° C 

-55 to +85 ° C 

2 January 1969 



TAA370 

CHARACTERISTICS~(see also test circuit) Tamb = 25 °C 

Supply voltage VB nom. 1.3 V 

Voltage gain of first 3 transistors (pin 9 to 7) Gv > 60 dB 

Transconductance of last 3 transistors (pin 1 to 3) gf 200 to 280 mS2-1

Saturation voltage of last transistor(TR7) 

V3-2 sat ~ 300 mV at IC = 5 mA; V6 _2 = 1,3 V 

Current consumption of all stages except 
I 

typ. 

< 
0.35 mA 

0.5 mA output stage 

Noise figure 
F typ. 

< 

3 dB 
6 dB 

RS = 5 kS2; B = 400 to 3200 Hz 

Test circuit 

tOkS2 

for testing G 

for testing gf 

January 1969 3 



TAA370 

APPLICATION INFORMATION 

The TAA370 in a 1.5 mW amplifier 

95 

~ tr 
(dB) 

9050 

95 

qtr 
(d 8) 

7209724 

transducer gain versus ambient
temperature at Vg=Vgnom 

85 

3 

I3 

(mA) 

2 

0 50 Tamb(°C)100 

transducer gain versus 
supply voltage T-

12 14 Vg(V) 1.6 

.--  _■0000uwono~ ._~■~~~~ 

 :_ 

12 14 Vg(V) 16 

I3 = 2.5 mA 

ltot - 2.85 mA 

Rpr = 4 kS2 

74 

Gv
(d B) 

72 

70 

72097271 
w 
m ■u.u~~.uw . ' - ■■um~~.uw ~~om■~~.■uw~~.nm 

~~~.on m~~.unu.~~.uw ~...r w~~.uuu.~~.uw 
te a... uu~~onui■~~.ow 
~...,n uu~~.uuu..~.nw 

~,~.uuu ~~.rn ..........II 
C=~7NF 

~.■■..~ 
~uui um ..nw 
~.u.uum ~uum 
■~~iiiiiu ~ C=O.IyF ~~iiiiii 

10 10 f(Hz) 105

15 distortion versus dot output power 
(°lo) 
10 

10 

72097 25.1 

typ 

5 

001 1 Pa (mW) 10 

4 January 1969 



TAA435 

LOW FREQUENCY AMPLIFIER 

The TAA435 is a silicon monolithic integrated a.f, preamplifier and driver stage. 

Combined with a complementary output stage an output power of 4 W can be achieved. 

QUICK REFERENCE DATA 

with AD161/AD 162 output stage 

Supply voltage VB nom. 14 V 

Ambient temperature Tamb nom. 2~ oC 

Voltage gain Gv typ. 80 dB 

Output power at dtot ~ 10°/-0 Po > 4 W 

Noise figure at B= 60 Hz to 10 kHz F typ . 6 dB 

PACKAGE OUTLINE 
0.86"`°• TO-74 ten ` 

reduced height 

f 
1°° 

9.4 ̀ ^°' 
t 

CIRCUIT DIAGRAM 

Dimensions in mm 

4.67'"°` 12 7`"'° F a r 

RS 

~Z SS l26 

September 1969 1 



TAA435 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Voltages 

~~ 

Supply current 

V6-10 

-V9-10 

V4-10 max. 24 V 

V3-10 
max. 20 V 

max. 18 V 

max. 5 V 

I4 max. 70 mA 

Total power dissipation 

Maximum allowable total power dissipation versus ambient temperature. 

Ptot 
(mW) 

400 

300 

200 

100 

7209703 

-25 0 

Temperatures 

Operating ambient temperature 

Storage temperature 

50 Tamb(°C) 100 

Tamb -25 to +85 °C 

Tstg -35 to +125 oC 

2 December 1970 



TAA435 

CHARACTERISTICS at VB = 10 to 18 V; Tamb = 25 ° C 

Forward voltage at -IZ = 30 mA V3 _2 typ. 0.8 V 

Collector -emitter voltage at I4 = 50 mA V4-3 ~ 3.5 V 

CHARACTERISTICS at VB = 14 V; `Tamb = 25 oC (measured in circuit below) 

Voltage gain at f = 1 kHz; without feedback Gv typ. 80 dB 
with feedback Gv typ. 50 dB 

Input impedance at f = 1 kHz ~ Z9-10~ > 70 kSt 

Noise figure at B = 60 Hz to 10 kHz F typ. 6 dB 

Cut-off frequency (-3 dB) fc > 10 kHz 

Output power at f = 1 kHz 
Po > 4 W dtot = 10°0

Total distortion at f = 1 kHz 
Po = 1 W dtot < 1 ~o 

Input signal for Po = 4 W Vi(rms)tyP. 15 mV 

Test circuit: 

 1 vB

1004 

S.ik4 

V; 

180k4 

0.1pF 

II 

39kS2 

2204 

TAA435 

AD161 

200pF 

32YF+

0 e 

33pF 
-~ 

2704 

334 

1 

T 

36k4 

68k4 

504 

T
~A 162 

2704 

54 

t00yF 

1mF 

November 1969 3 





TAA450 

FM CHANNEL AMPLIFIER 

The TAA450 is a monolithic integrated circuit containing an i.f. amplifier with lim-
iting characteristics for use up to frequencies of 10 MHz, a ratio detector and an 
l.f. amplifier with connections brought out for remote volume control. 

QUICK REFERENCE DATA 

Operating characteristics of i.f. amplifier at f = 5.5 MHz 
Supply voltage VB = 7.5 V; Tam  = 25 °C 

Voltage gain 

Start of limiting 

Gv typ. 69 dB 

Vi typ. 300 µV 

PACKAGE OUTLINE 

TO-74; reduced height 

t 
to 
W 

bimensions in mm 

1 

~5.3~ax __ 12.7mm 

7252399.1 

November 1970 1 



TAA450 

CIRCUIT llIAGRAM 

TR9 

R2 

TR1 TR2 

Ri 

R6 

TR3 

TR4 TRS 

R3 

R4 

RS 

TR6 TR70 

R7 

TR7 TRB 

Re R9 

T

R10 

1 
~ Dl 

D2 
= D3 

I 
~DL i~D6 

i~ 

~ O6 
2D, 
T i 

R11 

R12 

9 8 

II
RiL 

T' T2 T3 

10 

R13 

TR11 

Rib 

TR72 

TRI~ ~ 14 

R16 R18 

T T 
1 

R77 

RATINGS (Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (d.c.) i.f. amplifier V~ = V3 max. 12 V 
a.f. amplifier V2 max. 18 V 1) 

Total power dissipation Ptot max. 380 mW 

Storage temperature Tstg -20 to +125 °C 

Operating ambient temperature Tamb -20 to +60 ° C 

1) During warming-up in tube receivers this value may be exceeded up to 30 V. 

2 October 1969 



TAA 450 

CHARACTERISTICS for i.f. amplifier part at VB = 7.5 V; Tamb = 25 oC 

Voltage gain 

V i = 100 µV : f = 1 MHz Gy typ. 71 dB 

V i = 100 µV : f = 4. 5 MHz G~ typ . 69 dB 

Vi =l00µV:f=5.5MHz G 
> 66 dB 

tyP • 69 dB 

Start of limiting at f = 5. 5 MHz Vi typ. 300 µV 

Output current (peak to peak) at Vi = 5 mV I 
7(P'P) 

typ. 2.8 mA 

Input resistance Ri > 2.5 kS2 

Input capacitance Ci tYP• 7 pF 
< 10 pF 

Output resistance Ro > 10 kS2 

Output capacitance Co tYP• 4 pF 
< 6 pF 

Total current Ig typ. 18 mA 
< 22 mA 

Test C r Cuit 

25NF 

~8 ~9 

O.1NF 

TAA450 

  VB-7.5V 

1kS2 

6 eI ~ 

To.,uF 

Va

]Z55225.1 

October 1969 3 



TAA450 

APPLICATION INFORMATION 

Circuit with the TAA450 in ani.f. -l.f. amplifier of a television receiver. 

6opF'T 
TO.,~F 

e 9 

~.—

~ a3k4
1.

O.IyF 

TAA450 
) ~' 

604 

ik4 

5 6 10 1 

~ SOyF 
0.1 pF~ 

o.T o.i 
VF pF Tf ik4 

4)04 

y 
T 

T60pF 

tk4 3.3k4 

L2 

66pFT 

L3 

—'- --'J B.2k4 
LL
r 

♦ 2yLLF 

_504F + Qr 
6.6nF~ 

 1 

,==s,=s 

15V 

a f. output 

Primary: frame core AP3014/02 
Secondary: no frame core 
Ll = 19 turns 0.12 mm stranded Cu wire 
L2 = 2 x 17 turns 0. ] 2 mm stranded Cu wire; bifilarly wounded 
L3 = 14 turns 0.12 mm stranded Cu wire; bifilarly wounded with L1 
Top-top distance of frequency response curve: > 250 kHz 

Intermediate frequency f0 = 5. 5 MHz 

Frequency deviation Gf ± 15 kHz 

Modulation frequency fm = 400 Hz 
Ambient temperature Tam = 25 oC 

Start of limiting Vi typ. 300 µV 
I.F. output voltage at pin 7 with Vi >300 µV V7 typ. 1.2 V 
L.F. output voltage at Vi >300 µV Vo(rms) typ. 600 mV 
A.M. suppression 

fm = 1 kHz; m = 0.3; Vi > 2 mV > 42 dB 

Volume control range GVo > 30 dB 
Distortion at Gf ± 15 kHz without volume control d typ. 0.015 

with volume control d typ. 0.02 

Gf ± 50 kHz without volume control d typ. 0.025 
with volume control d typ. 0.05 

Supply current 1. f. part (pin 2) Ip2 typ. 1 mA 

4 October 1969 



TAA521 

OPERATIONAL AMPLIFIER 

The TAA521 is a silicon monolithic integrated operational amplifier in an XA8 
(TO-99) metal envelope. 
It has a high gain, low offset, high input impedance, high output voltage swing and 
low power dissipation. The operating temperature range is 0 to +70 oC. 

QUICK REFERENCE DATA 

Positive supply voltage Vp 15 V 
Negative supply voltage -VN 15 V 

Characteristics at Tam = 25 oC 
Voltage gain Gv typ. 45000 
Common mode rejection ratio CMRR typ. 90 dB 

Input offset voltage drift; RS = 50 S2 
OVio 

typ. 6 ~ oC µt/ O— I, 

OVio 
RS 5 10 kS2 typ. 10 µV/oC 

~T 
Differential input resistance Ri typ. 250 kSZ 
Peak output voltage swing at RL > 10 kS2 VOM typ. ±14 V 
Power dissipation Ptot typ. 80 mW 

PACKAGE OUTLINE 

TO -99 

1.0"'°° 

Dimensions in mm 

~~d

April 1969 1 



TAA521 

CIRCUIT DIAGRAM 

TR2 

1 
RS 

IOkS! 

1 
R1 

26kf7 

1 
R3 
25kS2 

1 
R8 
lOk4 

R11 

1kR 

R4 
3k5t 

1R1 TR4 

TR3 

R2 

2.4k4 

TRS 

TR6 TR7 

TR6 

R6 

3.6kR 

R7 

16kR 

TR9 

R13 
20k52 

R16 

R10 
3k52 

D2 

R 

IOkR 

R12 
10kS! 

30kSt 

R70 

 ~TR12 

TR11 

T

R14 
76SZ 

~6 

 ~TR13 

 •6 

•4 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134 ) 

Voltage s 

Positive su,~ply voltage Vp max. 18 V 

Negative supply voltage -Vy max. 18 V 

Common mode voltage Vi max. +10 V 

Differential mode voltage V2_g max. ±~ V 

Power dissipation up to 'case - 70 oC Ptot max. 250 mW 

Qutput short circuit duration (Tam = 25 ° C) t max, 5 s 

Temperature s 

Operating ambient temperature Tam 0 to +70 oC 

Storage temperature Tstg —65 to +150 °C 

2 April 1969 



TA A521 

CHARACTERISTICS at Vp = 15 V; -VN = 15 V; Tam=25°C unless otherwise spec-
ified 

Voltage gain; RL, > 2 kSZ; VO = ±10 V 

Input offset voltage; Rg < 10 kSt 

Vp=-VN=9to15V 

Input bias current 

Input offset current 

Common mode rejection ratio; RS _< 10 kS2 

Input voltage range 

Differential input resistance 

Output resistance 

Supply voltage rejection ratio; RS < 10 kSl 

Peak output voltage swing  at RL > 10 kS2 

R L > 2 kSl 

Power dissipation  at VO = 0 

Gv
> 
typ. 

15000 
45000 

Vio 
typ. 
< 

2.0 
7. 5 

mV 
mV 

Ii 
typ. 
< 

0.3 
1.5 

µA 
µA 

typ. 0.1 µA 
lio < 0.5 µA 

CMRR 
> 65 dB 
typ. 90 dB 

> +8.0 V 
Vi 

typ. ±10 V 

> 50 kS2 
Ri 

typ. 250 kS2 

Ro typ. 150 S2 

SVRR 
typ. 25 µV/V 
< 200 µV/V 

> +12 V 
VOM typ. ±14 V 

> +10 V 
VOM typ. ±13 V 

typ. 80 mW 
ptot < 200 mW 

3 



TAA521 

CHARACTERISTICS at Vp = 15 V; -VN = 15 V; Tam= 0 to +70 ° C unless otherwise 
specified 

Voltage gain;  R1, > 2 kS2; Vo = ± 10 V Gv > 12000 

Input offset voltage; RS < 10 kS2; 
Vp = -VN = 9 to 15 V Vio < 10 mV 

Input offset voltage drift; Rg = 50 SZ OV,r°  typ. 6 µV/oC 

Rg < 10 kS2 ~~.I°  typ. 10 µV/oC 

Input bias current Ii < 2 µA 

Input offset current Iio < 0.75 'µA 

Frequency compensation circuit 

Rt VP

Ct 

T TAA521 

6 
R 2 ~) 

VN 

~~' 
c2 

1Z 5524 

*) For operation with a capacitive load use R2 = 50 S2. 

4 April 1969 



TAA521 

7210191 

60 
G~ 

(dB) 

40 

20 

0 

-20 
10 

closed-loop voltage frequency Vp fain versus _15V _ 
~C1=10pF R1=0 C2=3pF VN _ 15V -

Ta~=25°C - 
typical = 
Vai11P~ -

 C1=100pF; R1=1.5k,[L;C2=3pF 

 C1=500pF; R1=1.5k.(1•C2=20pF 

_ ,~ 

 C1=5nF R1=1.5k~fL;C2=200pF  ' ' ~ ' 

---_ . . } + ~ 

10 

10 

VO

(V) 

0 

-10 

~6 106

7Z1018~.1 
Vp =15V ~-- 
- VN =15V I - 
R~ =lOk,f1 f . _ 
typical vatues~ 

1_u_  
- 

Tamb= 0
 /0°C 

  25°C 
1 

0 Vi mV) 

10~ f (Hz) 

April 1969 5 



TAA521 

7Z 10189.1 

8 
± Vi 
(V) 

6 

VO(P-P) 
(V) 

.: 

4 

2 

O9 
11 

Gv

15 000 

10000 

5000 

13 Vp -VN(V)15 

pen- oop vo tage 
supply voltages 
R~ ~ 2k,A. 
Iamb= 0 to 70°C 

30 

20 

10 

7210190. 
minimum va ues 
Tnmb =25°C 

~~~~~~~~~~~~~~~~~~~~■ R :1~i  ~.~~iu~v 

11 

~zloleea 
in versus ■■■ ~~~ 

., 

~~.:.: 

O9 
11 13 Vp,—VN(V)15 

13 Vp -VN(V)15 
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TAA522 

OPERATIONAL AMPLIFIER 

The TAA522 is a silicon monolithic integrated operational amplifier in an XA8 
(TO-99) metal envelope. It has a high gain, low offset, high input impedance, high 
output voltage swing and low power dissipation. The operating temperature range is 
—55 to +125 oC. 

QUICK REFERENCE DATA 

Positive supply voltage 

Negative supply voltage 

Characteristics at Tamb = —55 to+125°C 

Vp 

—VN 

15 

15 

V 

V 

Voltage gain Gv typ. 45000 

Common mode rejection ratio CMRR typ. 90 dB 

Input offset voltage drift; RS = 50 S2 OVio typ. 3 µV/°C 0 .1, 

RS < 10 kSt typ. 6 µV/°C 
OT 

Differential input resistance Ri typ. 100 kS2 

Peak output voltage swing at RL, > 10 kS2 VOM typ. ±14 V 

PACKAGE OUTLINE 

TO-9S 

Dimensions in mm 

~.0 
max 

1

E 

 ~~O

1~ 

4.7 max 
.~ 

1 

X2.7 min 

,zK,s~ 

April 1969 1 



TAA522 

CIRCUIT DIAGRAM 

 •7 

R1 

2GkS! 

TR2 

RS 

tOkS2 

T

R3 

25k4 

R8 

10kS2 

R4 

3k Si' 

TR1 iR 

TR3 

i~

R2 

2.4kR 

TRS 

TR6 TR7 

1 

TRB 

R6 

3.6kR 

R7 

18kS2 

R10 

3kR 

TR9 

R11 

1kS2 

R13 

20k52 

R16 

2 

R9 

70k52 

R12 

10kS2 

30kS2 

R10 

TR11 

Y

R14 

7552 

r 
R13 

6 

5 
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TAA522 

RATINGS Limiting values inaccordancewiththe Absolute Maximum System(IEC 134) 

Voltages 

Positive supply voltage Vp max. 18 V 

Negative supply voltage -VN max. 18 V 

Common mode voltage Vi max. ±10 V 

Differential mode voltage V2_3 max. +5 V 

Power dissipation up to Tcase = 125 ° C 1) ptot max. 300 mW 

Output short circuit duration (Tamb = 25 °C) t max. 5 s 

Temperatures 

Operating ambient temperature Tamb -55 to +125 ° C 

Storage temperature Tstg -65 to +150 °C 

CHARACTERISTICS at Vp = -V~; = 9 to 15 V; Tamb - 25 ° C unless others+rise spec-
ified 

Input offset voltage; Rg < 10 kSl 

Input bias current 

Input offset current 

Differential input resistance 

Output resistance 

Vio 

Iio 

R. 
i 

Ro

Power dissipation at VO = 0; Vp = - VN = to V Ptot 

Transient reponse (see also test circuit on page 4) 

Rise time t r

Overshoot 

typ. 1.0 mV 
< 5.0 mV 

typ. 0.2 µA 
< 0.5 µA 

typ. 50 nA 

200 nA 

> 150 kS2 
typ. 400 kSl 

typ. 150 S2 

typ. 8C mW 
< 165 mW 

typ. 0.3 µs 
< 1.5 µs 

DV typ. 10 °~o 
Vo < 30 

1) Rating applies to case temperatures up to 125 °C; Berate linearly at 5.5 mW/°C 

for ambient temperatures above 95 oC. 

April 1969 



TAA522 

CHARACTERISTICS at Vp = —VN = 9 to 15 V; Tamb = —55 to +125 oC unless other-
wise specified 

Voltage gain at Vp = —V~ = 15 V 
RL > 2 kS2; Vp = ± 10 V Gv 

25000 to 70000 
typ. 45000 

Input offset voltage; Rg _< 10 kS2 Vio < 6 mV 

Input offset voltage drift; RS = 50 S2 OV,I°  typ. 3 µV/oC 

RS < 10 kS2 ~,I o typ. 6 µV/oC 

> ± 8 V 
Input voltage range at Vp = —VbJ = 15 V Vi 

typ. ±10 V 
Peak output voltage swing at Vp = —VN = 15 V 

> ±12 V 
RL > 10 kS2 VOM typ. ±14 V 

> ±10 V 
RL> 2 kS2 VOM 

typ. ±13 V 

> 70 dB 
Common mode rejection ratio; RS < 10 kSt CMRR 

typ. 90 dB 

typ. 25 µV/V 
Supply voltage rejection ratio; RS < 10 kSt SVRR ~ 150 ,µV/V 
Input bias current 

typ. 0.5 µA 
at Tamb = —55 oC Ii 

< 1 .5 µA 
Input offset current 

typ. 0.1 µA 
at Tamb = —55 oC Iio < 0.5 µA 

t 20 nA 
at Tamb = +125 oC Iio ~ 

p~ 
200 nA 

> 40 kS2 
Differential input resistance Ri 

typ. 100 kS2 

Test circuit for transient response: 

10kf7 

1.Sk52 

R1 
CI 

T°F , 
2 

aks 

~~ 

TAA522 
5 200PF 

SOS1 

R1 

T

 T ~a 

Rt ~C i

2k4 T%10pF 

,_„_,~, 

u u April 1969 



TAA522 

VO(P 
(V) 

30 

20 

10 

72101981 
 minimum values 
 Tamb= -55 to +125° C 

-P) 

 .~ _;
s ~:. 

0 
9 

ENO 

11 

Tamb =25°C 

13 Vp,-VN(V)15 

72101961 

200  power dissipation versus 
Ptot  suppl volta•es 

(mW) ~~~~~~~~~~~~~~~~~~~~~~~~~~ltn

150   .■ 
 a~~~~N

100 

~~~~. 
 ~~i~~~~~~~~

50  _. 
■..-=_ 

O9 
11 13 Vp,-VN(V)15 

80000 

Gv

60000 

40000 

20000 

7210192 
pen-loop voltage gain versus 

supply voltages 
Tamb = - 55 to +125°C 
R 3 2 kdl. 

N 

~~Nq ~~q 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~s 
~~~~~~~~~~~~~~~~~~~~~~~pp~~~~;~i
 K~~~~N~ 

iii~~.~~~~~~~~~~~~~~~~~~~~~~~~
~~. 

 ~ ~~~.:~ 
■!iN~ 

~~~~~~~~~~~~~~~~~~/~i~~\~~~~~~

 ~GG~ ~~ 

O9 

60 

ptot 
(mW ) 

60 

40 

20 

X100 0 t00Tamb(°C) 200 

11 13 Vp,-VN(V) 15 

7210199 
Vp =15V 

 -VN=15V 
■ 
i ■ ■ 

~~~~~\~~~~~~~~Y~~~~~~NNNN~

power dissipation versus 
 ambient tem•erature 

N. 
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TAA522 

7210194 7210195 

li 

input 
supply 
Tamb=25°C 

bias 
voltages 

current versus input 
ambient 

bias current 
temperature 

i i i i l i 

versus 

Vp _15V 
(nA) Ii VN-15V 

(uA) ~ ~ ~ ~ 

~I 
300 0.6 

typ 
200 ~~_ 0.4 

111 I typ  

100 0.2 

09

Iio 
(nA) 

150 

100 

50 

11 13 Vp,-VN(V) 15 

7210197 
inout offset current versus
ambient temperature 

i i i i~ i i
Vp =15V 
-VN=15V 

 typ 

100 

0.8 

Rj 
(M,CL) 

0.6 

0.4 

0.2 

0 100Tamb(°C)200 

7Z 10193 
input impedance versus 
ambient temperature 

Vp 15 V  - N= 

typ 

X100 0 100 Tamb(°C)200 X100 0 100 Tamb(°C) 200 
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TAA522 

7210203 

100 

Gv

(d B) 

75 

50 

open-loop voltage gain versus frequency 

'aic
~~ 

~. 

 c 

Vp =15V 
 VN =15V 
Tamb = 25°C 
typical 
values 

°Q~. 

S. 
~`O: 

F ~\~A~ 

m w r~ 
2 5 

T~~ I, A~ •)  
/ ' TAA522 ~~  I ~I 
/  L 

I6 ,,,,,,, pacitive load use R2 = 50 S2 

1 

60 

Gv
(d B) 

40 

20 

0 

-20 
10 

'`) For operation with a ca-

102 103 104 105 106 f (Hz) 10~ 

closed-loop volta~e gain versus frequency 
C1=10pF; R1=0 ; C 2= 3 pF 

C1 =t00pF; R1=t5kdl.;C2= 3pF 

7Z 10 201 
Vp =15V 
-VN =15V 
Tamb=25°Cr 
typical ~ 
values - 

C1= 500pF; R1=1.5kd],; C2 =20pF 

C1 =5nF; R1=1.5k,f1; C2 =200pF 

102 103 104 105 106 f (Hz) 10~ 
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TAA522 

30 

VOM 
(V) 

20 

10 

0 
1 

~ztozo 
peak output voltage swing frequency Vp -15V versus 

-VN=15V -
R~ =10 kdl, -
Tamb= 25°C _ 

4,n 'ac` ,Q

~7 t^ ~ ~. 

$— ~,O 'O'N '~ r̀0 
~'a,V71I~ 

MI w 

~ 

t~ 

I 

typical values 
~ TM522 ~ 

• 
a 

') Fot operaCon with a ca -

ti ,...,.. paciUve load use R2 =50 St 

I I l l I l l ll I I I I VI II I 
10°

rztozzoa 
Vp =15V 
-VN =15V  
R~ =10k,fL  

10 tYPical values 
VO

(V) 

0 

-10 

! i ' 

~s 

30 

Tamb=-55°C VOM 
  25°C (V) 
~   t'25°C 

-1 0 V; mV) 1 

20 

10 

001 

106 f (Hz ) 

~za2oo 

10 

peak output vottnge 
swing versus load 
resistance 
Vp =15V 
-VN=15V  
Tamb=25°C  

typ 

1 R ~ (kd1) 10 

s April 1969 



TAA550 

VOLTAGE STABILIZER 

The TAA550 is an integrated monolithic voltage stabilizer, especially designed to 
provide the supply voltage for variable capacitance diodes in television tuners inde-
pendent of supply voltage and temperature variations. 
The TAA550 is supplied in 3 voltage groups, identified by a coloured dot on the en-
velope: 
Stabilized voltage V12: 31 to 32 V red dot 

32 to 34 V yellow dot 
34 to 35 V green dot 

QUICK REFERENCE DATA 

Supply current I1 typ. 5 mA 

Stabilized voltage V12 31 to 35 V 

Differential internal resistance r12 typ. 10 S2 

PACKAGE OUTLINE 

TO-18; 2 pins bra* f4 ~ 

O~ 

E 
m 

2.54 
CJ.amaz 5.3"1O%

pin 1 connected to the case 

Dimensions in mm 

12.7 min 

0 
E ' 

0 

I 
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TAA550 

RECOMMENDED CIRCUIT 

~B 

RS

i iAA 550 

I`

~CI 
1 
T

CZ 

I 

Vg» V12 
I I typ. 5 mA 
R > 22 S2 
C1 = 300 to 4700 pF 

C2: to be connected if decoupling for low fre-
quent noise is necessary. 
In practice values up to 10 µF are used. 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Maximum allowable supply current versus temperature 

20 

10 

0 
0 

7210737 

Tamb

It min 

50 

Temperatures 

Storage temperature 
Operating ambient temperature 

CHARA TERIS'TICS 

Recommended supply current 

Stabilized voltage 

Differential internal resistance at f = 1 kHz 
I1=5mA 

Tstg 
Tamb 

100 

Temperature coefficient at Tamb' 10 to 50 ° C ~~ ~ 
Tamb 

X 

T (°C) 

- 20 to +150 
-20 to +150 

150 

oC

oC 

> 2 mA 

typ. 5 mA 

31 to 35 V 

typ. 10 S2 
< 25 S2 

typ. -0.13 mV/°C 
-3. 1 to +1.55 mV/oC 

2 September 1969 



TAA 560 

LEVEL DETECTOR 

The TAA560 is a silicon monolithic integrated level detector in a (TO-72) me-
tal envelope. A Darlington input circuit forms aSchmitt-trigger that operates at a 
low current level . Due to the three -stage current amplifier an output current of max-
imum 50 mA can be delivered. 
It is primarily intended for battery fed timing circuits, such as in camera shutter 
control. 

QUICK REFERENCE DATA 

Total supply voltage V3-4 2.5 V 

Ambient temperature Iamb 25 oC 

Threshold voltage (switching off TR8) V2_4 1.4 to 1.6 V 

OFF -state of TR8 

Output current I1 < 0.1 µA 

ON -state of TR8 

Output current Il max. 50 mA 

Operating ambient temperature 
Tamb 

0 to +60 ° C 

PACKAGE OUTLINE 

(TO-72) 

°` 
16F! 45~ 

4j X 
3 . :' 254, 

i~'8 

1 2 

bottom view 

„ 1 
E 
m 
~+ 

5.3 ̀ ^° x 

Dimensions in mm 

E 
ro
~ I
01 

12 7 """ _ 
1209669 
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TAA560 

CIRCUIT DIAGRAM 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Total supply voltage 

Input voltage 

Output voltage 

Output current 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS 

Recommended circuit for camera shutter time control: 

Notes: 

~~ 

V3_4 max. 4.5 V 

V2_4 max. 4.5 V 

V1_4 max. 12.5 V 

Il max. 50 mA 

Ptot max. 120 mW 

Tstg —55 to +100 ° C 

Tamb 0 to + 60 °C 

Rt 

2 

3 

TAA560 

4 

,JRA  O ~ 

fllfUS! 
CAII

t

tOCt 

T
y

 ̀ ~ ~ 

iiilbi 

a. For shutter time range of 2 ms to 2 s; C =100nF; R1 < 20 MSl 
b. Solenoid inductance LS < 40 mH and resistance RS = 91 S2; V3_4 = 2.5 V 
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TAA 560 

CHARACTERISTICS (continued) at Tamb = 25 ° C; R1 < 20 MSt; R L = 91 S2 

Threshold voltage 

Switching TR8 to OFF -state 

atV3 _ 4 =2.5V 

atV3 _4 =4.5V 

Switching TR8 [o ON-state 

atV3 _4 =2.5V 

atV3 _4 =4.5V 

ON-state of TR8  (switch S closed) 

Output voltage  at V3 _4 = 2.5 V 

Output current at V3 _ 4 = 2.5 V 

Current drain at V3 _4 = 2.5 V 

OFF -state of TR8 (switch S open) 

Output current at V3 _4 = 2.5 V 

Current drain 

Transfer characteristic: 

output 
voltage  
Vt-4 (V) 

2.0 

1.0 

03 
0.1 

10 

20 
24 

26.5 
30 

output 
current 
I1 (mA) 

~xass+~ 

2.0 input voltage 
V~_y (V) 

1) See transfer characteristic. 

J V2 -4(H) 1.4 to 1.6 V 1) 

V2-4(H) typ. 1.5 V 

V2-4(H) typ. 2.9 V 

V2-4(L) typ. 1.2 V 

V2-4(L) typ. 1.4 V 

V1-4 < 300 mV 

II < 26.5 mA 

I3 typ. 3.5 mA 

Il < 0.1 µA 

I3 typ. 4.1 mA 

Test circuit: 

R1 

x 
TAA560 

~ 

R~ 

' ' 
1 
T 

T

December 1969 3 





TAA570 

LIMITER-AMPLIFIER 

The TAA570 is a four -stage limiter -amplifier in aT0-74 metal envelope, with f.m. 

detector and remote control stage. 
Excellent a..m. suppression is obtained by the use of a differential amplifier e-

quipped with long-tailed pairs. The f.m. detector isa symmetrical phase detector. 

The remote control stagehas acontrol rangeof about SOdB.on the a.f, output signal. 

QUICK REFERENCE DATA 

Supply voltage Vp typ. 12 V 

Frequency fo 5.5 MHz 

Total current drain Itot typ. 19 mA 

Input limiting voltage Vi Lim typ. 100 µV 

A. M, rejection at Vi = 10 mV typ. 47 dB 

Output at 50 kHz frequency deviation Vo(rms) typ. 1,8 V 

Distortion at a frequency deviation of 

of 50 kHz and full gain d typ. 2.5 °~o 

MECHANICAL DATA 

TO -74 0.86"'°" 
i ^ f 

E of

E 

m 

Dimensions in mm 

v

4.67 m° 
~--~ 

127mm
7Z 55726 
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TAA570 

CIRCUIT DIAGRAM 

7• 

1 1 
R1 R2 

TRL 

TR7 TRI 

TR 
4 

iR9 

1 1 1 1 
R7 I R11 R12 

TR9 

TRs TR7 

R5 R9 
TRB 

R1D 

TR14 

TR11 TRI2 

RI 
R13 

Dt DI 

1 1 
R18 R19 

R19 

TR16 iRl7 

R3 RB R13 R14 Rt6 R16 

TR19 

R17 R20 

9 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134) 

Voltages 

Pin No.l voltage (do not apply an external voltage source) 

Pin No.?. voltage (do not apply an external voltage source) 

Pin.No.3 voltage V3-10 0 to +18 V 

Pin No.4 voltage; I4 < 1 mA V4-10 ~~ to +6 V 

Pin No.~ voltage V~_10 0 to+18 V 

Pin No.6 voltage (do not apply an external voltage source) 

Pin No.7 voltage; I7 < 1 mA V7_10 0 to +6 V 

Pin No.8 voltage; I8 < 1 mA Vg_lp 0 to +6 V 

Pin No.9 voltage Vy_ 10 0 to +6 V 

2 September 1969 



TAA570 

CIRCUIT DIAGRAM (continued) 

e 

TR20 

LRi9 

R22 

4 

R 23 R 29 

~R27 

TR 29 

TD9 

D3 

R21 R24 

RATINGS (continued) 

Total power dissipation 

0.6 

Ptot 
(W) 

0.4 

0.2 

Temperatures ~ 50 

Storage temperature 

Operating ambient temperature 

10 4 

~z~ozeza 

■■■■■■■■■■ 
~~~ 

,. 

 ~..■■► 

 ~■:.. 

.•■. 

0 50 100 T~(°C~150 

Tstg 

Tamb 

 •3 

R29 

R30 

D7 

—25 to + 125 oC 

—25 to + 125 °C 
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TAA570 

~~► 

CHARACTERISTICS 

Input limiting voltage 

fo = 5.5 MHz; Of=±15 kHz; fm = 1 kHz 

Test circuit for measuring Vo = f(Vi) 

103

Vo

(mV) 

102

10 

Vi lim 

+12 v 

15nF 0.1pF~ 

Rt=4.7kS2 

3 

O.iNF 
fm. generator~l 

5.5 MHz 9 T a.f. selective 
TAA570 

_ 

a voltmeter 
514 

0.1pF 

0.1 pF 
10 

,001 
pF 

2 

10pF: 

r 1 
1 volume 

control 

  0~ 25 

~10nF 

tOk4 

47k4 
log 

i 

S6k S2 

typ. 100 µV 

7Z 10271 

1  
10 

typ Vp_12V 
0f=15kHz 
fm=lkHz 

102 103 104 V, (µV) 105
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TAA570 

CHARACTERISTICS (continued) 

A.M. suppression 

F.M. : fo = 5.5 MHz; ~F=±15 kHz; fm = 1 kHz 
A.M. fo = 5.5 MHz; m = 0.3; fm = 1 kHz 

Test circuit for measuring a(AM-suppression) = f(Vi) 

+tzv 

50 

a 

(dB) 

40 

20 

f.m. geeerator 
5.5 MHz 

a L generator 
1kHz 

a.m.generator 

5.5MHz 

O 

0.1pF 

15nF 01pF 

574 

0.1yF 

01yF 

///. 

TAA570 

10 1 

,Ool 
pF 

2 

T

10yF 

r volume 
control  1at'25

~tOnF 

RL=4.7k4 

10k4 

a.f. selective 
voltmeter 

47k4 56k52 
log 

7210272] 
a = a.m. suppression  
Vp =12 V 
F.M. : Af=15kHz; fm=1kHz 
A.M. : m=0.3;fm= 1kHz 
fo= 5.5MHz t P 

10 Vi (mV) 100 

r —
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TAA570 

CHARACTERISTICS (continued) 

Distortion at full gain and 4f=±15 kHz 
Of=±50 kHz 

measuring conditions: fo = 5.5 MHz 
fm = 1 KHz 

The distortion measurements are made with the test circuit on page 4. 

Total current 

30 

Itot 

(mA) 

20 

10 

d typ. 1 
d typ. 2.5 

~zioz~a 
total current versus 
supply voltage 

tyP 

0 
0 10 20 30 VP (V) 

November 1970 



TAA5T0 

CHARACTERISTICS (continued) 

y parameters. 

Input admittance at fo = 5.5 MHz 

Test circuit for measuring yi = f(f) 

vector voltmeter 
HP8405A 

W 
Vz 

0.1NF tk4 

yi typ. (230 + j450) µS2-1

+12V 

15nF 

StSt 150NH 

1000 

500 

TAA570 

0.1yF~ 

5 ~ Rt=4.7 k4 

T O.tyF 

olt 12 

10nF T F 
10kSi 

volume 
oor~trol 47kSt S6k4 

log 

Z 10269 

Vi =imV 

f-15MHz 

typ 

OMHz 

 7MHz 

  5MHz 
 4MHz  
3WIHi 
2 MHz 

0 
0 500 g (~ .(L') 1000 

'/, usszm.i 
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TAA570 

CHARACTERISTICS (continued) 

Output admittance at fo = 5.5 MHz 

Test circuit  for measuring yo = f(f) 

1500 

bo

(µ.fl.) 

1000 

500 

yo 

+i2v 

~z~ozss 
Vi =IOmV f_15MHi—

typ 

12MHz 

tOMHz 

7MHi 

 5MHz 
 ~4MHz 

3MHz 

00 
200 go (~.f1) 400 

typ. (120 + j330) µS2-1
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I' 

CHARACTERISTICS (continued) 

Feedback admittance at fo = 5.5 MHz 

Test circuit  for measuring yr = f (f) 

90° 

easurinq 
mphfmr 

current 
trans/ormer 
Tektr. CT-2 

vz

15 nF 

6 

O.tyF 

9 

T 

TAA570 

TAA570 

yr tYP• I65I e~150o nS2-1 

+uv 

1 
R~=4.7kS2 

O.tyF 

signal 
generator 

to 1 

3952 

vt

vector voltmeter 
HP8405A 

7210267 

1052 

150 100 50 

1 
coke 

z 

1 yF 

T 0.1 yF 

tOkSi 

volume 
control 47kS2 56k4 

log 

' 

1'1"111""11111111' 1' ~~~~~~~~ , f ~ 2 :H~ ~~~~~"' 
``~~~~ ~~~~..~ 3MH ~i~~I~ ~~~~ t 

105°1  
``` ~~`~~%4MHz ~j~~~ 

```````````~~` 6MHz 

.. 
~ ~~` ~ ~3~ 120°♦ `` 

~~_.~~,~~/ i ~~~~/ , I , ~~/ . 
~~ 135° ` `~-~

~ `~~ 
150°~` 

o --~ o 165 
180° 

195 

rrss:ec~ 
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TAA570 

CHARACTERISTICS (continued) 

Transfer admittance at fo = 5.5 MHz 

Test circuit for measuring yf = f (f) 

90° 

V1

signal 
generator 

15nF 

6 
01pF 

attenuator ~h 9 
TAA570 -40dB 

514 

o.1uF 

measuring 
amplifier 

0.1V1 

current 
transformer 
Tektr. CT-2 

VZ

vector voltmeter 
HP8405A 

7210266 

Yf tYP. I0.76I e —l6° 52-1

+1zv 

o. 
pF?~lll 5 

3 

 1 
Ri =4.7kS2 

ro 1 z 

topF 

T 0.1 yF 

10k4 

volume 
control, 47kS2 

log 

11;~~~ ~. 111 ~ 

` `` ``` `~~~~ 
MHz "I~ ♦ ~ ~ ~ ~-- ~ "I/ ~ ~ / 

so ~ `~ ~~~ ~~ --•~ s ~ ~ ~~_~ ~~ ~ _ ~•~ ~~ ~~• 45 1~` `-~~

~`~~~ 

56 kg2 

'JJJJ~ vas:n.x 
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TAA570 

APPLICATION INFORMATION 

Practical circuit 

from vidw C~ 
detector ~~ 

3.3pF C 2 
47pF 2 

C4 
T 390pF 

15nF C O.tyFTC10 

9 

0.1yF o.1pFT 

TAA570 

0 

100 

i 

R1 

 10~=25 

tOnF ~,CB 

z 

+~

I

zv 

r~ 

R~=4.7 kS2 

T  o 

10 

1 ' ~ 

9 

c.f. output 

R21 110kS2 

r L3 
r volume 

Control 47kS2 
log. 

R3 

RL 
S6k4 

rzsoss 

The input bandpass filter is connected to the video detectorvia a small capacitor of 
3.3 pF. The input bandpass filter (kQ = 1) has the following characteristics: 

L1 = 18 µH; GL1 = 56 µ~-1 ~ QL1 = 42; C = 47 pF 
L2 = 2,2 µH; GL2 = 490 µS2-1; QL2 = 23; C = 390 pF 

V 
The transfer voltage is V  ~ = 0.54 

2 

The detector coil L3 = 8.3 µH; C = 100 pF, has a loaded Q of 25. 
A typical output voltage at this Q and full gain is 550 mV for Of = 15 kHz with output 
signal distortion of 1 °Jo. 
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TA A 580 

LEIAEL DETECTOR 

The TAA580 is a plastic encapsulated silicon monolithic level detector. The circuit 

consists of aSchmitt-trigger, a three stage current amplifier and two further tran-

sistors to give flexibility in coupling to other circuits. The trigger voltage is adjust-

able within a limited range. The output stage can deliver 70 mA. The TAA580 is 
designed primarily for timing functions as in camera shutter control. Two TAA580 

can be combined for a delayed action shutter. 

QUICK REFERENCE DATA 

Total supply voltage V8-5 nom. 2 V 

Threshold voltage (adjustable) V2-5 1.4 to 1.9 V 

On-state of TR9: 

Output current I 4 max. 70 mA 

Output voltage at I4 = 28 mA. V4-5 < 200 mV 

OFF-state of TR9: 

Output current at V8_5= 4.5V; V2_5=3.15V I4 < 200 µA 

PACKAGE OUTLINE see page 2 
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TAA 580 

PACKAGE OUTLINE Dimensions in mm 

Pin 5 and 7 are internally 
c~;nnected 

~  6.95 
6.45 

1.5 7 
1.32 

f 

~~ 
2 3 

~ a 

13x) 
1.27 

~ a1 
4.2 5 
3.7 5 

1
2.0 5 

0.7 
0.5 

12.83 
12.57 

3.81 

X 0.42 
0.30 

]Z55]31 

0.19 
0.10 

~I t 

f  1.9 ~ 
17 

~2.3~ 
1.9 
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TAA580 

CIRCUIT DIAGRAM 
e 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Total supply voltage V8-5 max. 4. 5 V 

Output voltage V4-5 max. 12.5 V 

Output current I 4 max. 70 mA 

Total power dissipation Ptot max. 180 mW 

Storage temperature Tstg —55 to +100 oC 

Operating ambient temperature Tamb —20 to +60 ° C 

November 1970 3 



TAA580 

CHARACTERISTICS at Tamb = —20 to +60 ° C; 

Threshold voltage range at pin 6 

R1 < 70 MS2; RL = 64 2 

V8-5 = 2 V> V3-5 = 0 V2-5 1. 4 to 1. 9 V 

V8-5 = 4. 5 V; V3-5 = 0 

Output voltage at pin 6 

~'2-5 

V6-5 

V4-5 

3. 6 to 4.2 

300 

200 

V 

mV 2) 

mV 3) 

V8-5 = 4. 5 V; VZ-5 = 3. 15 V 1) 

Output voltage at pin 4 

V8-5 = 2 V; V2-5 = 1.9 V 1) 

Output current 

V8-5 = 2 V I4 < 30.5 mA 2) 

V8-5 = 4.5 V; V2_5 = 3. 15 V 1) 

Current drain 

I4

Ig 

< 200 

tYP 35 

µA 3) 

mA V8_5 = 4.5 V 

Test circuit: 

7Z 55609 

1) Unloaded voltage at potentiometer tap. 
2) Switch S1 closed; switch S2 in position b. 

3) Switch S1 closed; switch S2 in position a. 

Transfer characteristic: 

output 
voltage 
~4-91 1 

2.0 

1.0 

0.2 
Q~.S 

10 

20 

28 
30 

30.5 

40 
Output 
Cllff-M •t 

14 ~T/1) 

input wltoge 

V~-6 (VJ 
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TAA580 

CHARACTERISTICS (continued) 

"T

'IH 
Rt R2 

2 —~ ~ IRB 

t 
TAA580 

Icoupled 
witn 

6 shutter) 

release 
5,) contact 

R3 

yo-

Camera shutter time control 

delayed actbn time exposure time 

`2T

R4 RS 

2 

t 

R6 

TAA5B0 

5.7 

6 

R 

R1 R2 

2 

R3 

TAA5B0 

5 

RBt 

RB 
q Icoupled 

~— witft 
shutter) ~ 

6 

release 
ContaCL 

 ✓~i 

Delayed action shutter 

Notes:

a. For shutter time range of 1 ms to 20 s; C1 ~ 270 nF; R1 < 70 MS2. 

b. Solenoid inductance LS 5 180 mH ~ DATA for RB and RA 
RS values: 64 ~ to 114 2 
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TAA630 

SYNCHRONOUS DEMODULATOR 
FOR COLOUR DIFFERENCE DRIVE 

The TAA630 is a synchronous demodulator for direct drive of colour difference out-
put stages with clamping circuits in television sets. The circuit consists of 2 am-
plifying synchronous demodulators for the B-Y and R-Y signals, a matrix, a PAL 
switch, a bistable multivibrator and colour killer switch. 

QUICK REFERENCE DATA 

Supply voltage V6-16 nom. 12 V 

Ambient temperature Tamb 25 oC 

Gain of R -Y demodulator Gv(R_y~ typ. 7 

Gain of B -Y demodulator Gv(g_y~ typ. 12.5 

Input impedance of R -Y and B -Y channel IZ9-16I typ. 1 kS2 

Z 13 -16 I typ . 1 kS2 

Output impedance of R -Y, B -Y and 

G-Y channel ~Z4-16I < 100 S2 

IZ5-16I ~ 100 S2 

~Z7-16 ~ _< 100 S2 

PACKAGE OUTLINE : 16 lead plastic dual in-line (type A) See General Section 
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TAA630 

CIRCUIT DIAGRAM -~ ~

a0 

~o 

 i I 

i~~ 

rc

-1 

~  ~ 

~ 

r~—f 

`_~ ~ 

f-

 F--

H 

 ~--

I I 

r 

 o~ 

o= 

H 

rc

 I 

H 

o a rc

 pm 

os 
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TAA630 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage 

Supply voltage 

Currents 

Pin No.4 current 
Pin No.S current 
Pin No.7 current 

Power dissipation 

Total power dissipation 

1000 

Ptoc 
(mW) 

500 

Temperatures

Storage temperature 

Operating ambient temperature 

V6-16 max. 13.2 V 

~'6-16 max. 16 V 1) 

I4 max. 5 mA 
I5 max. 5 mA 
I7 max. 5 mA 

Ptot max. 550 mW 

Ptot max. 800 mW 1) 
/Z55493 

i 
permissible area of operntion 

while tubes are heating up 

~~

d.c. operation 

00 
25 

1) Permissible while tubes are heating up. 

50 T°mb (°C) 

Tstg 

Tamb 

75 

—20 to +80 ° C 

—20 to +60 ° C 
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TAA630 

CHARACTERISTICS at V6-16 = 12 V; V10-16 

Gain of colour difference signals 

= 0.9 V; Tamb = 25 °C 

Vi(P-P) _ ~0 mV; f = 4.4 MHz Gv(R-Y) tYP• 7 1) 

G-Y = 0. ~l (R -Y) -0.19 (B-Y) Gv(B-Y) 
tYP• 1.78 

Gv(R-Y) 

Input impedance of R-Y and B-Y channels 

Vi(rms) = 30 mV (sine wave): f = 4.4 MHz 

at inputFR_y; input resistance R13-16 typ. 1000 S2 
input capacitance C13-16 < 10 pF 

at input Fg-y; input resistance R9-16 typ. 1000 S2 
input capacitance 09_16 < 10 pF 

Input impedance of reference inputs 

~Z2-16~ tyP• 900 S2 

~'i(rms) = 400 mV (sine wave): f = 4.4 MHz 

at reference R-Y input 

at reference B-Y input IZS-16I typ• 900 S2 

Colour difference output voltages 

V4-16(p-p) ~ 3.2 V Z)3) (peak to peak values) output R-Y 

output B-Y V7-16(p-p) ~ 4.0 V 2)3) 

output G-Y Vg-10(p-p) < 1. 8 V Z)3) 

Output impedances of R-Y, B-Y and G-Y channels 

at output R -Y IZ4-16I < 100 S2 

at output B -Y IZ7-16I < 100 Sl 

at output G -Y ~Z5-16~ < 100 S2 

1) Ratio of peak to peak values of input and output voltage measured in test circuit 
on page 6. 

_ V4-16 _ V7-16 
Gv(R-Y) 

V13-16~ 
Gv(B-Y) 

V9-16 

2 ) Linearity of gain > 0.7 

3) Measured in the test circuit on page 6. 
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TAA630 

CHARACTERISTICS (continued) 

Colour difference d.c. output voltages 

at output B -Y 

at output R-Y 

at output G-Y 

V7-16 tYP. 7.4 V 1) 

adjustable to the same level as V 7 -16 1) 2 ) 

adjustable to the same level as V 7 _ 16 1) 2 ) 

Output voltage; 7.8 kHz (square wave; peak to peak value) 

Rload? 10 kS2; V14-16 - V15-16 = 2.5 to 5 V V3-10(p-p) tYP• 3 ~~ 

Input voltages 

Reference voltages (peak to peak value) 

at reference R -Y 

at reference B-Y 

Horizontal deflection pulses (peak value) 

at pin No.14 

at pin No. 15 

Identification signal (peak to peak value) 

Colour killer voltage 

colour "on" 

V2-16(P-P) 

V8-16(p-P) 

_V 
14-16M 

—V15-16M 

V1-16(P-P) 

V 10-16 

colour "off" V10-16 

typ. 

typ. 

1 V 3) 

1 V 3) 

2.5 to 5 V 

2. 5 to 5 V 

typ. 4 V 

> 0.9 V 

< 0.3 V 

1) Measured in the test circuit on page 6. 

2) To be adjusted with a variable voltage (V _< 1.2V) or with resistors connected be-
tween pin 11 and pin 16 for G-Y and between pin 12 and pin 16 for R-Y. 

3) Permissible range 0. 5 to 5 V. 
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TAA~30 

CHARACTERISTICS (continued) 

Test circuit 
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APPLICATION INFORMATION 
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TAA640 

LIMITER AMPLIFIER 

The TAA640 is a monolithic integrated four-stage limiter amplifier with f, m. detec- 
for and a.f. pre-amplifier. The envelope is TO-116. A differential amplifier with 
long-tailed pairs ensures excellent limiting action. The f. m. detector isamodified 

slope detector. Volume of the a.f. output can be remotely controlled over a range 
of 60 dB. 

QUICK REFERENCE DATA 

Supply voltage V7_12 typ. 22 V 

Total current drain Itot typ. 26.7 mA 

Input limiting voltage Vi Lim typ. 100 µV 

A.M. rejection at Vi = 5 mV; Of = ±15 kHz typ. 44 dB 

A.F. output voltage at ~f = ± 50 kHz Vo(rms) typ. 1.6 V 

Total distortion at Of = ± 50 kHz dtot ~ 5

Total distortion at Of = ± 15 kHz dtot typ. 1. 6 °Jo 

PACKAGE OUTLINE 

TO-116 

d 
G 
0 

C 

i-~ 0 
~+ 

2.7 
i 

_ J 

~ ~ 

2.5 4 f 

t7 

1.27 
15.24  

top view 

f— s.o6 —. 

10.16 
7255495 
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TAA640 

CIRCUIT DIAGRAM 
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TAA640 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltages V7_12 max. 32 V 1) 

V8_12 max. 9 V 1) 

Currents Itot max. 40 mA 1~) 

I1 max. 28 mA 1) 

Total power dissipation Ptot max. 350 mW 

Operating ambient temperature Tamb -20 to +60 oC 

Storage temperature Tstg -20 to +80 oC 

CHARACTERISTICS at Itot = 26.7 mA; Tam = 25 oC; f = 5. 5 MHz; fmod = 1 kHz 
measured in the test circuit on page 3. 

Voltages V1-12 

V7-12 

Current I7 

I.F. voltage gain Gv

Input limiting voltage (-3 dB) 

I.F. output voltage at Vi = 5 mV Vo(p _p) 

A.F. output voltage  at Vi = 5 mV; Of = ± 50 kHz Vo

Total distortion 

Vi = 5 mV; Of = ± 50 kHz dtot 
Vi = 5 mV; Of = ± 15 kHz dtot 

Remote volume control range (a.f.) OVo

AM rejection at Vi = 5 mV 

~f=±15kHz, m=0.3 

I ) Permissible while tubes are heating up. 

2)Itot=I1+I7+Ig 

typ. 7.4 V 
< 8. 5 V 

typ. 22 V 

typ. 0.7 mA 

> 70 d6 

typ. 76 dB 

typ. 100 µV 

typ. ~ 1.7 V 

typ. 1.6 V 

5 5 °Io 
typ. 1. 6 

> 60 dB 

typ. 44 dB 
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TAA640 

APPLICATION INFORMATION 

Detector coil L: 6. 5 turns 0.5 mm Cu wire. 

Coil former: AP3016/02 (used without Ferroxcube frame) 

Can: AP3015/02 

Screw core: 3122 104 93040 

0.1pF 

~~ 

0.1pF~ 

I1~=26.7mA1 
ovF 

~ 
n H .+

_7~~ Vpyz=22V 

topF 
n ~ y, ~560 

8 1 

6 
T 

son 
2 

t00pF TAA640 

9 ~~ t00pF —+ ~ F•

`l 

2.z 
nF 

o 
la.tl 

13 12 33on 
1 

ezo 
o n 2.2 + 

O.1pF 0.1pF 1.6nF 1.SnF 
b 
kn l i.f.l 1 nF 

— pos. 
log. T62pF 
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TAA700 

TELEVISION SIGNAL PROCESSING CIRCUIT 

The TAA700 is a silicon monolithic integrated signal processing circuit for television 
receivers. It combines following functions: 
- video pre-amplifier with emitter follower output. 
- gateda,g.c. detector supplying thea.g.c. voltages for the vision i.f. amplifier and 
tuner (delayed) 

- noise inverter for gating the a.g.c. and sync separator circuits 
- sync. separator 
- automatic horizontal sypchronisation 
- vertical sync.pulse separator 
- blanking facility for the video amplifier 
The circuit is designed for receivers equipped with tubes or transistors in the de-

flection and video output stages, and withn-p-ntransistors in the tuner and i.f. am-

plifier. 
Only signals with negative modulation can be handled by the circuit. 

QUICK REFERENCE DATA 

Supply voltage Vp typ 12 V 

Ambient temperature Tamb 25 °C 

Video input voltage (peak to peak value) V10-16 (p-p) typ. 2 V 

Voltage gain of the video amplifier Gv typ. 9.5 dB 

A.G.C, voltage for i.f, part (R1 = 2 kSl) V4-16 typ. 0 to 8 V 

A.G.C, voltage for tuner (R1 = 1 kt1) V6-16 typ. 0 to 7 V 

Output voltage horizontal phase detector ±V2-1 typ. 3 V 

Vertical sync output voltage (positive 
going pulse; peak to peak value) V15-16(p-p) > 10 V 

MECHANICAL DATA (See page 7) 

December 1969 1 



TAA700 

CIRCUIT DIAGRAM 
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TAA700 

RATINGSLimitingvaluesinaccordancewiththeAbsoluteMaximumSystem (IEC134) 

Supply voltage 

Power dissipation 

750 

Ptot 
(mW) 

500 

250 

~ 50 

Vp 

Ptot 

max, 

max. 

~z io zra.2 

Temperatures 
0 

Storage temperature 

Operating ambient temperature 

50 

1) Permissible while tubes are heating up. 

100 150 
T°mb (°C) 

Tstg 

Tamb 

16 V 1) 

600 mW 

—25 to +125 oC 

—25 to +125 °C 
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TAA700 

CHARACTERISTICS 

Supply voltage range Vp 

Measured in circuit on page 6 at Tamb = 25 ° C; Vp = 12 V 

Video amplifier 

Input resistance (detector load) 

Input capacitance 

Bandwith (3dB) 

Voltage gain Gv

Video input voltage (peak to peak value) 

Video output voltage (peak to peak value) 

Tolerances on video output voltage: 

I.C. processing spreads 

Temperature drift 

Spreads over a.g. c. expansion (entire range) 

Black level at the output 

Tolerances on the black level at the output: 

I.C. processing spreads 

Temperature drift 

Spreads over a.g.c. expansion (entire range) 

Variation black level at the output 
due to supply voltage variations 

Available video output current (peak value) 

R10-16 

C10-16 

B 

10 to 14 V 

typ. 2.7 kSl 

< 1 pF 

> 5 MHz 

typ. 9.5 dB 

V10-16(P-P) tYP• 

V12-16(p-p) tYP• 

±~V12-16 

- OV12-16 

±~V12-16 

v12-16 

±L~v12-16 

~°12-16 

±Ov12-16 

~V12-16
OVp 

I12M 

2 V 1) 

6 V 2) 

< 550 mV 

< 20 mV/oC 3) 

< 270 mV 4) 

typ. 5 V 5) 

< 300 mV 

< 7 mV/oC3) 

< 250 mV 4)6) 

typ. 0.7 

typ. 14 mA 7) 

1) Negative going video signal (no pre-bias needed for the detector) 
2) Video signal with negative going sync pulse. 

3) Because the integrated circuit reaches 95°Jo of its final working temperature in 100 
seconds, the temperature variations to be considered are those causedby the slower 
rise in cabinet temperature and by changes in room temperature. 

4) Variation about a nominal condition, the i. f. being fully controlled and the tuner 
uncontrolled. The video signal increases and the-black level decreases with in-
creasing antenna signal. 

5) Only valid if the video signal is in accordance with the CCIR standard. 
6) To this must be added 0.7pVp, if operation of the a.g. c. causes a change in Vp. 
7) The total load on pin 12 must be such that under nominal conditions I12M < 14 mA. 
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TAA700 

CHARACTERISTICS' (continued) 

Video blanking 

Input voltage (peak to peak_ value) Vll-16(p-p) 1 to 5 V 
Input resistance Rll-16 typ. 1 kS2 

A.G.C. circuit 

Control voltage i.f. amplifier V4-16 Oto8 V 1) 
Control voltage tuner V6-16 Oto7 V 1) 
Signal expansion for full control of 

i.f. amplifier and tuner < 15 °Jo 1) 
Keying input pulse (peak to peak value) 

V3-16(P -P) lto5 V 2) 
Input resistance R3 -16 typ. 1 kSZ 

Synchronisation circuit 

see note 3 Sync. separator 
Control voltage line oscillator ±V2-1 typ. 3 V 4) 
Output voltage vertical sync. pulse 
separator (peak to peak value) V15-16(p-p) > 10 V 

Output impedance R15-16 typ. 2 kS2 

1) These figures areobtainedwitha load impedance of 2 kSlfor the i.f. control point 
(R4-16) and 1 kSl for the tuner control point (R6-16). With these impedances the 
signal expansion fori.f. control and tuner control will be about the same. An in-
increase of these impedances will reduce the signal expansion. Lower values will 
reduce the available control voltage and increase the dissipation of the integrated 
circuit. Therefore, the minimum values must be restricted to 1.5 kSt for the i.f. 
control point and 750 12 for the tuner control point. 

Z) The TAA700 may be operated unkeyed but then point 3 must be connected to the 
positive supply line via a resistor of suitable value (e.g. 10 kS2). However, the 
followingconsequences should be borne in mind: 
- The decouplingcapacitorsatthe i.f. and tuner control points must be larger to 
prevent ripple voltages due to the vertical sync pulses. In consequence the 
a.g.c. will not follow fast signal fluctuations (airplane flutter). 

- Since the horizontal phase detector is designed to be keyed, unkeyed operation 
will result in the phase detector not operating as a frequency detector when the 
horizontal oscillator is out of sync. This considerably decreases the catching 
range. 

3) The sync pulse is sliced about 30~ below top sync level. 
4) Required reference voltage VZ(p_p) (sawtooth or differentiated line fly-blackpul-

se) = 7 V. For anoscillator-reactance stagewith a control sensitivity of 400 Hz/V 
this gives a holding range of about ± 1000 Hz. 
Because the phase detector is keyed a catching range oft 700 Hz is obtained wit-
hout affecting the noise immunity.. 
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TAA700 

APPLICATION INFORMATION 
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TAA700 

MECHANICAL DATA 

e 

21.85 
19.31 

3.8 
5.2 3.4 
4.8 

t 

4.4 
max 

J 0.5 
- —S_Z—~  min 

1.9 
1.7 

14z / 1.15 
~+  i ✓ 095 

~2.54~ ~ - i
y~►ll 

t.t r 
0.9 

.~ 
~.~~I.-{~Jos1~ AI 

Dimensions in mm 

—12.90 maz 
~— 7.82 maz 

6.48 maz 

~~~ 

0.29 
0.23 

~__ 8.12 _ 
7.12 
132 
12.2 rzssnz+ 

~~) Centre-lines of all leads are 
within +_ 0.254 mm of the 
nominal positions shown; in 
the worst case, the spacing 
between any two leads may 
deviate from nominal by 
10.51 mm. 

SOLDERING 

1. By hand 

Apply the soldering iron below the seating. plane (or not more than 2 mm above it) . 
If its temperature is below 300 oC it must not be in contact for more than 10 seconds; 
if between 300 oC and 400 °C, for not more than 5 seconds. 

2. By dip or wave 

260 ° C is the maximum allowable temperature of the solder; it must not be in 
contact with the joint for more than 5 seconds. The total contact time of succes-
sive solder waves must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the 
plastic body must not exceed the specified storage maximum. If the printed cir-
cuit board has been pre-heated, forced cooling may be necessary immediately 
after soldering to keep the temperature within the allowable limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in (1) above.. 
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TAA840 

INTEGRATED A.M. RADIO RECEIVER CIRCUIT 

TheTAA840isa monolithic integrated circuit for use in a.m. radio; it incorporates 
an r.f. amplifier, mixer-oscillator, i.f. amplifier, a.g.c., detector, audio pre-
amplifier and driver. 
An audio output stage suiting the requirements of the receiver must be added sep-
arately. 
The detection capacitor and resistor of the series detector are integrated. The i.f. 
amplifier incorporates provision for the use of a tuning indicator. Since the circuit 
is adapted to operate in conjunction with i.f, filters having low input and output im-
pedance, pre-aligned i.f. block-filters can be used. 

QUICK REFERENCE DATA 

Ambient temperature Tamb 25 °C 

Supply voltage Vp typ. 6 V 

A . F . output power at dtot = 100 
(with AC187/AC188) Po typ. 900 mW 

Total quiescent current 
(except output stages) Itot typ. 17 mA 

R . F . input voltage (at pin 1) 
for a signal to noise ratio of 26 dB Vi typ. 20 µV 

A.G.C. range (change in r.f. input voltage 
for ] 0 d6 expansion in audio range) typ. 64 dB 

R.F. signal handling (at pin 1) typ. 20 mV 

R.F. input voltage (at pin 1) for full output 
(start of clipping at Po = 650 mW) typ. 3 µV 

Harmonic distortion of h. f. part 
(over most of a.g.c. range) m =~30% dtot typ. 1.2 °J°

m = 80~ dtot tYP• 2.6 

PACKAGE OUTLINE 14 lead dual in-line (See General Section) 
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TAA840 

CIRCUIT DIAGRAM 
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RATINGS Limiting values in accordance with the Absolute Maximum system (IEC 134) 

Voltages (tolerated minimum: 0 V) 

Pin No. 2 voltage V2-6 max. 12 V 
Pin No. 3 voltage V3-6 max. 6 V 
Pin No . 4 voltage V4-6 max. 1 V 
Pin No. 5 voltage V5-6 max. 12 V 
Pin No. 7 voltage V7-6 max. 12 V 
Pin No. 8 voltage VS-6 max. 12 V 
Pin No l l voltage V11-6 max. 12 V 
Pin No.13 voltage V13-6 max. 12 V 

Currents (tolerated minimum: 0 mA) 

Pin No. 1 current I I max. 80 µA 
Pin No. 9 current Iq max. 80 µA 
Pin No.10 current 110 max. 80 µA 
Pin No.12 current 112 max. 80 µA 

Dissipation Ptot max. 260 mW 

Temperatures 

Storage temperature Tstg -55 to +125 °C 
Operating ambient temperature Tamb -20 to +55 °C 
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J TAA840 

CHARACTERISTICS at Tamb = 25°C; Vp = 6 V 1) 

Measured in the circuit on page 5 

Breakdown voltage of driver stage V(BR)CEO > 12 V 

Saturation voltage of driver stage VCE sat ~ 0.6. V 

Pin No.S voltage at Vp = 6 V (via a 
series resistor of 68 S2) V5_6 typ. 5.5 V 

Current drain 
I2 +I5 +I13
I7 + I8

typ. 
typ. 

8 
8.4 

mA 
mA 2 ) 

Quiescent current of a.f. output 
stage with AC187/AC188 IQ typ. 5 mA 

Total chip dissipation Ptot 
typ. 
< 

b5 
125 

mW 
mW 

Supply voltage for 20 mV (r.m.s value) 
oscillator operation at f = 1 MHz > 3 V 

A.C. characteristics 

A . F . output power at dtot = 10`0 
(with AC187/AC188) f = 1000 Hz Po typ. 900 mW 

A . F . output power (onset of clipping) f = 1000 Hz Po typ. 650 mW 

R.F. input voltage (at pin 1) 
for signal to noise ratio of 26 dB Vi typ. 20 µV 3) 4) 

A.G.C. range (change in r.f. input 
voltage for 10 dB expansion in audio range) typ. 64 dB 3) 4) 

1) Circuit designed for use in receivers with 6 V or 9 V battery. 
Voltage at pin 5 to be adjusted 5.5 V regardless of battery voltage; a.f.driver 
(pin No.8) can be fed direct from either 6 V or 9 V. 

2) I7 + I8 deper~l on the load resistances at pins 7 and 8. 
3) Measured at 1 MHz with the antenna circuit connected (source resistance of about 

1 kS2 for pin 1) 
4) 30~ modulation,fm = 1000 Hz. 
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TAA840 

--. 

CHARACTERISTICS (continued) 

Signal handling: 

R. F . input voltage (at pin 1) to obtain 10°0
distortion at 80°~o modulation, fm = 1 kHz typ. 20 mV l ) 

R.F. input voltage (at pin 1) for 10 mV (a.f.) 
across volume control typ. 2.7 µV 1)2) 

A.F. voltage across volume control for 
100 µV (r.f.) input voltage (at pin 1) typ. 30 mVl)2) 

Input conductance of r.f. amplifier (at pin 1) typ. 0.5 mS2-1 1} 

Input conductance of i.f. amplifier at f = 500 kHz (at pin 12) tYP• 0.5 m 52-1

Signal to noise ratio for 1 mV (r.f.) 
input voltage (at pin 1} typ. 46 dB 1) 2) 

A.F, voltage (at pin 9) 
for 50 mW output power < 4.5 mV 

A.F. voltage (at pin 9) for output power 
at onset of clipping typ. 10 mV 

Loss of overall receiver sensivity at 
cell voltage of 0.9 V and 50 mW output power typ. 4 dB 1)2) 

Oscillator frequency shift over range of 

supply voltage at fosc - 2 MHz ~ 1.3 kHz/V 

Note 
Tuning indicator inserted in pin 13 

1) Measured at 1 MHz with the antenna circuit connected (source resistance of about 

1 kS2 for pin i) 

2) 30% modulation, fm = 1000 Hz 
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TAA840 

APPLICATION INFORMATION (continued) 

5 

2.5 

'/ZS'lBti 

I 

0  
0 02 04 O6 08 

clipping level 
10 Po IWI 72 

Total harmonic distortion of the audio part versus a.f. output power at 1 kHz 
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APPLICATION INFORMATION (continued) 
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i ~~a 
INAI 

500 

250 

0 

TAA840 
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10 02 103 04 OS 106

ViMnz at pin 1 of TAA8401y V1 

702 103 104 705 106 EIpV/ml 701

Current flowing through lead (pin 13) in which tuning indicator may be inserted versus 

r. f. input voltage and field strength. 1) 
103

a.f. voltage 
across 

volume control 
ImVI 

102

,o 

,o 
10 ~ 10 102 03 0~ 105

V1ntMz at pm 1 of TAA8401NV) 
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10 102 103 704 105 E(yV/m) 106

A.F. signal and noise voltage across volume control and a.f. noise voltage across 
volume control versus r.f. input voltage and field strength. 1) 

1) Field strength scale valuable for ferrite aerial of 200 mm length and 10 mm diameter; 
R.F. input signal 30~ modulated with 1 kHz sine wave. 
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TA A840 

APPLICATION INFORMATION (continued) 

15 

dtot 
(°/ol 

10 

5 

0 
10 OZ 103 104 OS

V1MMz at pin 1 of TAA840lNV) 

~zs~e~a 

Vp=6V 

m-80% 

 m=30°/0 

 ~'~ 

103 104 105 EINV/ml 106

Total harmonic distortion of the h. f. part measured across volume control versus 
r.f input voltage and field strength. 
Input signal 3~ and 80~ modulated with 1 kHz sinewave. 
Field strength scale valuable for ferrite aerial of 200 mm length and 10 mm diameter. 
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TAA960 

TRIPLE AMPLIFIER FOR ACTIVE FILTERS 

The TAA960 consists of three identical general-purpose amplifiers integrated in a 
single silicon chip. The amplifiers can be used separately or can be cascaded to 
give a voltage gain of 117 dB. One of the amplifiers has an additional emitter-follower 
stage. The TAA960 is very suitable for use in an active RC band-pass filter with Q 
up to 60. 

QUICK REFERENCE DATA 

Supply voltage V
3-10 

nom. 6 V 

Supply current I3 typ. 2 mA 

Transfer admittance (each amplifier) ~yfsl typ. 9.5 mS2-1

Voltage gain (each amplifier) Gv typ. 39 dB 

Input resistance (on pins 1, land 8) Ri > 25 kS2 

Output resistance (on pins 2, 5 and 6) Ro typ. 9 kS2 

(on pin 4) Ro typ. 500 52 

Q factor (in typical RC filter) Q typ. 45 

PACKAGE OUTLINE 'I'0-74; reduced height 

o~ 0.86^'°• 
~~ 

q 
E 

51 ̂,m 
f• 
--'4m°a

- --+ 

Dimensions in mm 

~.. 

X67 max 
.— _ ~•1.7

min . 

9255326 
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TAA860 

RATI1~fiGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages with respect to pin 10 

Supply voltage 1) Vg max. 10 V 

Input voltage V g, V 7, V 1 max. 4 V 

Output voltage V6, V5, V4, V2 max. 10 V 

Currents 

Input current Ig, I7, I I max. 50 µA 

Total power dissipation Ptot max. 250 mW 

Temperatures 

Storage temperature Tstg -65 to +125 °C 

Operating ambient temperature Tamb -55 to + 65 °C 

CIRCUIT DIAGRAM 

~) With lower d. c. potential on all other terminals. 

2 December 1970 



TAA960 

CHARACTERISTICS at V3 = 6 V; Tam = 25 ° C unless otherwise specified. 

Supply current 1) I3 L5to2.5 mA 
typ. 2.0 mA 

Supply current 1) at V3 = 10 V I3 1.5 to 3. 8 mA 
typ. 2.6 mA 

Voltage gain (each amplifier) G~ 60 to 150 
typ. 90 

Input resistance (each amplifier) > 25 kS2 

> 8 kS2 
Output resistance on terminals 2, 5 and 6 R° 

typ. 9 kS2 

on terminals 4 Ro 135 to 750 52 

1) Terminal 8 connected to terminal 6 
7 5 
1 2 
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TAA960 

APPLICATION INFORMATION 

Active RC filter for frequencies up to 150 kHz 

R=10kS2 

Frequency f n'P 
1 

2n RC 

Supply voltage Vp typ. 6 V 

Filter performance 
Q 

tyP• 

40 to 55 
45 

at Tamb = 25 °C 

at Tamb = -30 to +65 °C Q 35 to 55 

Input voltage Vi typ. 400 mV 

Output voltage Vo typ. 400 mV 

Distortion at Vo = 350 mV dtot ~• 2 

S/N ratio at Vo = 400 mV S/N > 50 dB 

Input resistor 1) RS typ. 470 1Q2 

1) Value of input resistor to be determined for v°  = 0.90 to 1. 1. 
t 

4 December 1970 



TaA9~o 

MICROPHONE AMPLIFIER 

The TAA970 is a monolithic integrated microphone amplifier for use in telephone 
systems. It is compatible with both piezo-electric and dynamic microphones of suit-
able impedance and sensitivity. 
Special features are: 
- almost constant voltage gain and d. c . voltage drop with supply current variations 

of 10 to 100 mA 
- output voltage before limiting: 1 V (r.m.s. value) 
- operation is independent of supply voltage polarity 
- gain can be set to either of two values 
- only one external capacitor required 
- output impedance determined by internal feed back 

QUICK REFERENCE DATA 

Supply current t IZ 10 to 100 mA 

Supply voltage drop t VZ-4 typ. 4.8 V 

Voltage gain 
pin 9 not connected Gv typ. 130 
pin 9 connected to pin 10 Gv typ. 180 

Output impedance 
pin 9 not connected Ro typ. 80 S2 
pin 9 connected to pin 10 Ro typ. 115 S2 

PACKAGE OUTLINE 

TO-74 (reduced height) 

E 
N 

Dimensions in mm 

~~0
 f 
 Sr 1 

4.67 ma. 
~► 

12.7m+n ~ 
9255726 
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TAA970 

CIRCUIT DIAGRAM 

04 
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2kD. 
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09 7kD 

TR9 

R19 
7.6kR 

T 

R21 

3.9kD 

R 
23 

4.5 
n 

TR11 

D11 

~ ~ _ 
D1 D2 OS D6 

R1 
7.6kII 

D7 

D3 ~ 

D4 ~ 

1 
R4 
10kR 

~  T ~  T
TR2 TR3 

~ ~\ 

TR1 

R2 
2kD. 

R7 
2k[i 

R11 
I } 
200kII 

R70 
 l 1 
2kR 

R6 
2kII 

D8 

R9 

200kII 

R6 
1.6kII 

TR4 

R12 

400Q 

TRS 

 I 

TR6 

1 
23kR R18 

R76 
TR8 

DW 7kD 

T
R13 
90R 

9 

R20 

7.6kR 
T

R 
24 

TR10 

R 14 R22 
90R 3.9kR 

R 

TR12 

ozssrso 

012 
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TAA970 

RATINGS Limitingvalues in accordance to the Absolute Maximum System (IEC 134), 

Currents 

Supply current (d.c.) I2 -100 to +100 mA 

A,C, component of supply current (peak value) IZm max. 100 mA 

Pin No,6 current I6 max. 100 µA 

Pin No.8 current Ig max. 100 µA 

Power dissipation 

Total power dissipation Ptot max, 700 mW 

1000 mo+u 

Temperatures 

Ptot 

(mW) 

500 

 >>S 

0 
0 50 100 T,,,,b(°C) 150 

Storage temperature Tstg -55 to +125 °C 

Operating ambient temperature Tamb -35 to + 75 oC 

THERMAL. RESISTANCE 

From junction to case Rth j -c 65 °C/W 

December 1970 3 



TAA970 

CHARACTERL4I'ICS at RL = 20052; f = 2 kHz; Tam = 25 °C unless otherwise spec-
ified. (see test circuit below). 

Supply voltage drop at Rth j-a = 100 ° C/W 

± I2 = 10 mA ± V2_4 < 5.4 V 

± I2 = 50 mA t V2_4 
typ. 4.5 V 
< S.8 V 

tI 2 =100mA tV2_4 < 6.3 V 

Voltage gain 

pin 9 not connected It I2 = 10 mA Gv

t I2 = 50 mA Gv

pin 9 connected to pin 10 
~± I2 = 10 mA Gv

t I2 = 50 mA Gv

105 to 155 
typ. 130 
105 to 155 
135 to 200 
typ. 180 
150 to 200 

Change of voltage gain 

due to change of supply voltage polarity ~Gv < 10 oi

Gain reduction at f = 300 Hz 
(with respect to f = 2 kHz) pGv

Output impedance  at ± I2 = 50 mA 
pin 9 not connected 

pin 9 connected to pin 10 

Noise output voltage at B = 0.3 kHz to 4 kHz 
pin 9 not connected 

pin 9 connected to pin 10 

Output voltage 

I2 = 50 mA; dtot = 5~ 

Test circuit: 

typ. 1 dB 
3 dB 

Ro typ. 80 S2 

Ro typ. 115 S2 

Vn(rms) 

Vn(rms) 

Vo

IZ

< 1 mV 

< 1.3 mV 

> 0.7 V 
typ. 1.0 V 

4 December 1970 



TAA970 
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TAB101 

RING (DE)MODULA~TOR FOR TELEPHONY 
AND INDUSTRIAL EQUIPMENT 

The TAB101 is a monolithic integrated circuit comprising a 4-transistor modulator 

and demodulator circuit. The circuit being made on a single crystal ensures agreat 

similarity in characteristics of the transistors and optimal tracking of theirpara-

meters with temperature variations. Consequently, the TAB101 gives a better bal-

ancing and therefore less carrier leakage than a conventional circuit. The use of 

transistors instead of diodes provides a better isolation between input and output 

circuits. 

QUICK REFERENCE DATA 

Collector cut-off current 
VCg=SV;Ta~=25oC ICBO < 100 nA 

Base-emitter voltage differences 
between transistors 1, 2, 3, 4 

~VBE1-VBE2~ < 5 mV 

VCB=SV; -IE=150µA ~VBE3-VBE4~ < 5 mV 

Common-base current gain differences 
between transistors 1, 2, 3, 4 

hFBl -hFB2 < 0.008 

VCg=SV; -IE=150µA ~ hFB3-hFB4 ~ < 0.008 

PACKAGE OUTLINE 

TO-74 (reduced height) 

Dimensions in mm 

E 
W 

 J~O

 1 
r 1 

4.67"'° 
~y 

12.7
mm

7255326 
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TAB101 

CIRCUIT DIAGRAM 
c 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages (each transistor) 

Collector -base voltage (open emitter) VCBO max. 10 V 

Emitter base voltage (open collector) VEgp max. 5 V 

Collector-substrate voltage VCS max. 12 V 

Currents (each transistor) 

Collector current IC max. 10 mA 

Power dissipation (4 transistors) 

Total power dissipation up to Tam = 100 oC Ptot max. 100 mW 

Temperatures 

Storage temperature Tstg -35 to +125 oC 

Operating ambient temperature Tamb -25 to +100 oC 

2 January 1969 



TAB101 

CHARACTERISTICS (each transistor) Tam = 25 oC 

Collector cut-off current 
typ. 5 nA 

IE = 0; V~ = 5 V ICBO < 100 nA 

Collector-substrate leakage current 

typ. 5 nA 
VCS = 9.5 V ICS < i00 nA 

Emitter cut-off current 
typ. 5 nA 

IC = 0; VEg = 1 V IEgp < 100 nA 

Break down voltages 

IE = 0; IC = 10 µA V(BR)~p > 10 V 

Ig = 0; IC = 10 µA V(gR)CEO > 9 V 

-IS = 10 µA V(BR)CS > 12 V 

IC = 0; IE = 200 µA V(BR)EBO > 5 V 

D.C. current gain 

IC = 150 µA; VCE = 5 V hFE 
> 20 
typ. 75 

Spot noise figure at f = 1 kHz 

-IE = 150 µA; VCB = 5 V 

RS = 1 kSl; Bandwidth: 200 Hz typ. 6 dB 

Base-emitter voltage difference 

between transistors TRl and TR2 at 
typ. 2 mV 

-IB1 = -IE2 = 150 µA; VCBl = VCB2 = 5 V I VBE1-VBE2 I < 5 mV 

between transistors TR3 and TR4 at 

-Ig3 = -IE4 = 150 µA; VCB3 = VCB4 = 5 V I VBE3-VBE4 I 
Cp. 2 mV 

5 mV 

Current amplification factor difference 

between transistors TRl and TR2 at 
typ. 0.002 

-IB1 = -IB2 = 150 µA; VCB1 = V~ 2 = 5 V ~ hFBl -hFB2 ~ < 0.008 

between transistors TR3 and TR4 at 

I I 150 µA; V V 5 V h h 
typ. 0.002 

- E3 = - E4 = CB3 = CB4 = ~ FB3- FB4 ~ < 0.008 

January 1969 3 



TAB101 

APPLICATION INFORMATION 

Telephony carriers ring modulator 

Performance at Tam = 25 °C 

Conversion gain at fa = 1 kHz, 

Vi=0.4V;fp=34 kHz 

Carrier leakage power in Ro at fp = 34 kHz 

Gc

Poc 

typ, -0.75 dB 

typ. 3 nW 

4 January 1969 



TAD 100 

INTEGRATED A.M.-RADIO RECEIVER CIRCUIT 

The TAD100 is a monolithic integrated circuit, primarily intended for a.m. -radio 
receivers. The circuit incorporates the mixer, oscillator, i.f. amplifier, a.g.c., 
detector, audio pre-amplifier and driver stages. The audio output transistors are 
not included. This enables the use of different power output stages to suit individual 
receiver requirements. The frequency response of the circuit is such that the front 
half of the circuit may be used as part of an i.f. amplifier at 10.7 MHz forf.m. re-
ceivers. 

QUICK REFERENCE DATA 

Ambient temperature 

Supply voltages 

Tamb 

Vp 

25 °C 

nom. 6.0 9.0 V 

Output power at dtot - 10/0 
(with AC187/AC188) 

Total quiescent current 
(except output stages) 

R.F. input signal level (at pin 1) 
for a signal to noise ratio of 26 dB 

A.G.C. range (change in R.F. input voltage 
for 10 dB expansion in audio range) typ. 62 

R.F, signal handling (at pin 1) typ. 30 

Harmonic distortion of h.f. part 
(over most of a.g.c, range) < 2.5 

typ. 0.7 

typ. 15 

typ. 30 

1.5 W 

23 mA 

25 µV 

62 dB 

30 mV 

2. 5 °~o 

PACKAGE OUTLINE ; 14 lead dual in-Line (See General Section) 

January 1970 1 



TAD100 

CIRCUIT DIAGRAM 

t4 13 1 
• • R3 

TRt TR2 

R1 

1.2k4 

15052 
~ ~ 

D1 D2 

TR3 

R2 
3kS2 

TR4 

R4 

tOkSt 

R5 

6808 

RS 

R6 

1.8kR 

-i TR6 

R7 

TR7 

6.BkS2 

R8 

4.7kR 

~-~-~RB TR9 
~. 

1. 
11 10 8 5 

R9 

47052 

D3 

R10 

12kS2 

R11 

2.7kR 

6 
• 

TR10 

T 
]25537 

TR11 

t 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134 ) 

Voltages 

Pin No.6 voltage V6-7 max. 12 V 

Pin No.2 voltage V2-7 max. 9 V 

Pin No.9 voltage (via 150 S2) V 9-7 max. 9 V 

Currents 

Pin No.6 current (peak value) I6M max. 30 mA 

Pin No.6 average current I6AV max. 20 mA 

Power dissipation 

Total power dissipation Ptot max. 1'50 mW 

Temperatures 

Storage temperature Tstg —25 to +85 °C 

Operating ambient temperature Tam —10 to +55 oC 

2 December 1969 



TAD100 

CHARACTERISTICS at Tamb = 25 °C 

A.F. driver saturation voltage 
IC = 30 mA 

IC =1.OmA 

jtYP• 0.82 V 
< 1.0 V 
> 0.70 V 

Measured in the circuit on page 5: Vp = 9 6 V 

Output power at dtot = 10~ 
(with AC187/AC188) typ. 1.5 0.7 W 

Total receiver current drain 17 to 26 11 to 15 mA 
(excepting the output matched pair typ. 20 13 mA 
AC187/AC188) 

R.F. input voltage (at pin 1) 
for a signalto noise ratio of 26 dB typ. 25 30 µV 1) 

A.G.C. range(change in r.f. input voltage 
for 10 dB expansion in audio range) typ. 62 

Harmonic distortion of h. f . part 

62 dB 1) 

(over most of a.g.c. range) < 2.5 2.5 0 1) 

Signal handling: 
R.F. input voltage (at pin 1) to obtain 10~ distortion 

at 80% modulation; fm = 400 Hz ; R.F. = 1 MHz typ . 30 30 mV 

R.F. input voltage (at pin 1) typ. 3.3 5 µV 1) 
for 10 mV a.f. at detector load < 6.0 10 µV 1) 

A . F . voltage at detector load > 30 30 mV 1) 
for 100 µV r.f. at pin 1 typ. 50 

Signal to noise ratio for r.f. input 

50 mV 1) 

voltage of 1 mV (at pin 1) typ. 40 41 dB 1) 

A. F . voltage (at pin 4) 
for b0 mW output power < 5.0 5.0 mV 

Loss of overall receiver sensitivity for 50 mW 
output power at cell voltage of 0.9 V typ . 7 11 dB 1) 

Oscillator voltage at pin 13 (r.m.s. value) 
at a battery voltage of 3.6 V to 9 V > 95 95 mV 

Oscillator -frequency shift at 2 MHz over a.g.c. range < 350 350 Hz 

Oscillator -frequency shift at 2 MHz 
over range of supply voltage typ. 300 300 Hz 

Typical overall fidelity (flat within 3 dB) 120 to 2000 Hz 

1) R.F. = 1 MHz; 30°~o modulation; fm = 400 Hz 
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TAD100 

CHARACTERISTICS (continued) 

103

a.f. voltage 
across 

volume control 
ImV) 

102
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TAD100 

APPLICATION INFORMATION 

Medium-wave receiver using the TAD100 

aerial 

6.2 kR 

tOyF 

6.2 kR 

L2 

a.g.c. control 

200pF 
1400 pF 1 

~~+ 

660 n F_

66R 47nF 

~~3 

22kR 

I 
1 47

L
~ 

~ r ~,00 
oscillator 300TF~I  nF 

,` ~80 ~pF 
pF 

6.6 
pF 

L3 

Medium wave aerial coil: 

13 

12 

47nF 

~~ 

9 

390n 

4.7kn 

L 220 
T nF 

1kR 

T 

100nF 

~--~ 
volume 
control 

16 kR 
127kn1 

~--I~OnF 

6 4 '~ 
lOkn 

TAD100 

68R 
 1 1 
ufionl 

390n 

RI 
1008 VI R2 

+~ 320pF 
~1200yF1 

Vp =6V 19V1 
• O 

4n~ 

AC 187 

11 

5 
2.2 nF AC168 

0 320pF 
(640pF) 

L4 

7 14 

14 

10 

10 

11 

i.f. block filter 

2422 540 50003 

2 ~7 11 

100nFT s~ j  ~470nF 

32pF 

2.2 n 

1 
z7n 

T
nzonl 

7I1. 

L1 = 310 µH; Qloaded = 100 at 1 MHz; FXC rod for 2 MHz 

VL1 ~ 11 
VL2 

Medium wave oscillator coil: 

L3 = 165 µH; QO = 100 at 1.4 MHz; tapping ratio L3 
~46 

VL3 - 9 
V L4 

Quiescent current (adjusted by Rl): 5 mA 

>~ 

3.9kR 
(16kR1 

4.7kR 
OOknl 

Modification for 9 V supply voltage: 

Values in brackets refer only to a 9 V supply, the others apply to 6 V and 9V sup-
plies 
AC187 and AC188 with cooling clip 56227 on 1.5 mm blackened Al. heatsinks of 9 cm2. 

APPLICATION INFORMATION bulletins available on request 

1) For 6 V supply: 130 S2; disk type NTC resistor (2322 610 90004) 
For 9 V supply: 50 S2; disk type NTC resistor on metal strip (2322 610 90016) 
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TBA221 

OPERATIONAL AMPLIFIER 

The TBA221 is a silicon monolythic integrated operational amplifier for use at tem-
peratures from 0 to 70 ° C. Special features are: 

- no frequency compensation required 
- continuous short circuit protection 
- offset voltage adjustable to zero 
- large input voltage range 
- low power consumption 
- no latch up 

The TBA221 is equivalent to 741C. 

QUICK REFERENCE DATA 

Positive supply voltage Vp 15 V 

Negative supply voltage - VN 15 V 

Characteristics at Tamb = 25 ° C 

Voltage gain at RL > 2 k52; Vo = ± 10 V Gv typ. 100.000 

Common mode rejection ratio CMRR typ. 90 dB 

Differential input resistance Ri typ. 1 MS2 

Peak output voltage swing at RL = 10 kS2 VO~q > ±12 V 

Input voltage range Vi > ±12 V 

Power dissipation Ptot typ. 50 mW 

PACKAGE OUTLINE TO-99 

a 
E 
U'1 
CO 

1.0 max 

4.7 n'°x 12 7 min 

Dimensions in mm 

7255199 
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TBA221 

RATINGS Limitingvalues inaccordancewith the Absolute Maximum System (IEC 134) 

Voltage s 

Positive supply voltage Vp max. 18 V 

Negative supply voltage - VN max. 18 V 

Common mode input voltage 1) Vi max. ±15 V 

Differential input voltage V2_3 max. ±30 V 

Power dissipation Ptot max. 

indefinite 

500 mVlj 

Output short circuit duration 2~ 

Temperatures 

Operating ambient temperature Tamb 0 to + 70 oC 

Storage temperature Tag - 65 to + 150 oC

1) For supply voltages less than ± 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 

2) Continuous short circuit is allowed to ground or either supply. 
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TBA221 

CIRCUIT DIAGRAM 

10 

TRS 

TRi TR8 

TR2 

TR3 

R1 

1k11 

TR4 

TR6 

  9 TR~ 

R5 
39kR 

TR7 TR10 

R2 R3 

SOkl1 ikR 

T 
R4 

SkR 

R6 

SOkSl 

T

TR18 

R9 

TR19 

50 R 

 o~ 

R10 
25 A 

•--0 6 

R11 

5011 

TR 20 

~z ssrse 
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TBA221 

CHARACTERISTICS at Vp = 15 V: —VN = 15 V: Tamb = 25° C unless otherwise spec-
ified 

Voltage gain; RL > 2 k2: VO = ±lOV Gv
20. 000 

typ. 100. 000 

Input offset voltage; Rg < 10 k52 V1O tYP 2.0 
6.0 

mV 
mV 

Input bias current Ii tYP 0. 2 µA 
0.5 µA 

Input offset current Iio 
typ. 
< 

30 
0. 2 

nA 
µA 

Common mode rejection ratio; Rg < 10 k52 CMRR 
> 70 dB 
typ. 90 dB 

±12 V 
Input voltage range Vi 

typ. ±13 V 

0. 3 MS2 
Differential input resistance Ri 

tYP• 1 M2 

Supply voltage rejection ratio; RS < 10 k52 SVRR 
typ. 
< 

30 
150 

µV/V 
µV/V 

±12 V 
Peak output voltage swing at R1, > 10 k52 VOM tYP• ±14 V 

±10 V 
RL > 2 kS2 VOM 

tYP• ±13 V 

Power dissipation at VO = 0 ptot 
n'P• 50 

85 
mW 
mW 

Transient response (unity gain) 

Vi=20 mV;Rl,=2kS2; CL =100pF 

Rise time typ. 0. 3 
µs 

Overshoot typ. 5.0 

Slew rate (unity gain) 

typ. 0.5 V/µs RL _> 2 k52 
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TBA221 

CHARACTERISTICS at Vp = 15 V; — VN =15 V; Tamb = 0 to 70 ° C unless otherwise 
specified 

Voltage gain; RL > 2 k2; Vo = ± 10 V Gy > 15. 000 

Input offset voltage; RS < 10 k52; Vio < 7. 5 mV 

Input bias current I; < 0. 8 µA 

Input offset current Iio < 0. 3 µA 

Peak output voltage swing; 
RL=2k2 VOM > ±10 V 

Vp 

TBA221 

1 5 

tOkR
L

~/ 

4 

-VN 

/Z55590 

Offset voltage zeroing circuit 

Transient response test circuit 
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TBA221 

7Z555fifi 110 140 

G~ Tamb=25 0 C 
G~ 

(d B) 
Id B) 
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80 
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40 
90 

20 
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20 80 0
5 10 15 20 1 
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tmVl 
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15 

10 
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0 

5 
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TBA222 

OPERATIONAL AMPLIFIER 

The TBA222 is a silicon monolithic integrated operational amplifier for use at tem-
peratures from —55 to +125 °C. Special features are: 

— no frequency compensation required 
— continuous short-circuit protection 
— offset voltage adjustable to zero 
— large input voltage ra~.~ 
— low power consumptic_~ 
— no latch-up 
The TBA222 is equivalent to 741. 

QUICK REFERENCE DATA 

Positive supply voltage `'P 15 V 

Negative supply voltage —l' 15 V 

Characteristics at Tamb = 25 °C 

Voltage gain at RL > 2 kS2; VO = ± 10 V Gv typ. 200 000 

Common mode rejection ratio CMRR typ. 90 dB 

Differential input resistance Ri typ. 1 M2 

Peak output voltage swingat RL =10 kS2 VO~1 > ±12 V 

Input voltage range Vi > ±12 V 

Power dissipation Ptot typ. 50 mW 

PACKAGE OUTLINE TO-99 

1.0 "'°` 

November 1970 

Dimensions in mm 
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TBA222 

RATINGS Limiting values in accordance with the Absolute Maximum System(IEC 134) 

Voltages 

Positive supply voltage Vp max. 22 V 

Negative supply voltage —VN max. 22 V 

Common mode input voltage 1) Vi max. ±15 V 

Differential input voltage V2_3 max. ±30 V 

Power dissipation Z) Ptot max. 

indefinite 

500 mW 

Output short circuit duration 3) 

Temperatures 

Operating ambient temperature Tamb —55 to +125 °C 

Storage temperature Tstg —65 to +150 ° C 

1) For supply voltages less than ± 15 V, the absolute maximum input voltage is 
equal to the supply voltage. 

2) Rating applies for case temperatures up to 125 °C; derate linearly at 6.5 mW/°C 

for ambient temperatures above 75 °C. 
3) Continuous short circuit is allowed for case temperatures up to 125 oC and ambient 

temperatures up to 70 °C. Short circuit is allowed to ground or either supply. 
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TBA222 

CIRCUIT DIAGRAM 

November 1970 3 



TBA222 

CHARACTERISTICS at Vp= 15 V; —VN = 15 V; Tam = 25 °C unless otherwise spec-
ified 

> 50 000 
Voltage gain; RI, >_ 2 152; VO = ± 10 V Gv typ. 200 000 

tYP• 1.0 mV 
Input offset voltage; Rg <_ 10 k2 Vio < 5.0 mV 

Input bias current Ii 
tYP • 
< 

0.2 
0. 5 

µA 
µA 

Input offset current Iio 
typ. 
< 

30 
0.2 

nA 
µA 

Common mode rejection ratio; RS S 10 kS2 CMRR 
> 70 dB 
typ. 90 dB 

Input voltage range Vi 
> ±12 V 
typ. ±13 V 

Differential input resistance Ri 
> 0.3 MS2 
typ. 1.0 M52 

Supply voltage rejection ratio; RS < 10 k52 SVRR 
typ. 
< 

30 
150 

µV/V 
µV/V 

Peak output voltage swing at RL, Z 10 kS2 ~'0 M 
> 
typ. 

±12 
±14 

V 
V 

> ±10 V 
R1,>_ 2kS2 VOM typ. ±13 V 

Power dissipation at VO = 0 Ptot 
typ. 
< 

50 
85 

mW 
mW 

Transient response (unity gain) 
Vi=20 mV; R1,=2kS2;CL5 100pF 

Rise time tYP• 0.3 µs 
Overshoot tYP• 5.0 

Slew rate (unity gain) 
typ. 0.5 V/µs RL Z 2 k2 
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TBA222 

CHARACTERISTICS at Vp = 15 V; —VN = 15 V; Tamb = —55 to +125 oC unless other-
wise specified. 

Voltage gain; RL >_ 2 kS2; VO = ±10 V Gv > 25.000 

Input offset voltage; RS 5 10 k52 Vio < 6 mV 

Input bias current Ii < 1. 5 µA 

Input offset current Iio < 0.5 µA 

Peak output voltage swing 
VIM > ±10 V RL >_ 2 kS2 

TBA222 

1 5 4 

N 

/Z55592 

Offset voltage zeroing circuit 

Vp 

Transient response test circuit 
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TBA222 
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TBA240 

AUTOMATIC LINE SYNCHRONISATION CIRCUIT 

The TBA240 is a monolithic integrated noise detector and inverter, sync separator, 
catching circuit, and line discriminator. It can be used ir, a wide variety of b -w and 
colour television receivers and is designed for best operation with negative-modu-
lated video signals but is also compatible with positive modulation. The required 
supply voltages are +5.5 V and +12 V . 

QUICK REFERENCE DATA 

Supply voltages V7-16 
V1-16 

Ambient temperature '1'amb 

typ. 5.5 V 
typ. 12 V 

typ. 25 ° C 

Total average power dissipation Ptot typ. 100 mW 

Required input signals 

Typical composite peak white to 
peak sync voltage V10-16 0.5 to 3 V 

Negative noise pulse current (peak value) I13M > 100 µA 

Positive noise pulse current (peak value) 115M > 10 µA 

Delivered output signals 

Discriminator output voltage (peak to peak value) V3-16(p-p) ~ 4 V 

Positive going sine pulse voltage (peak to peak value) V5-16(p-p) typ. 7.5 V 

Negative going noise pulse voltage (peak to peak value) V9-16(p-p) typ. 2 V 

Typical composite video ,with inverted noise 
pulses, peak white to peak sync voltage V 11-16 0.5 to 3 V 

PACKAGE OUTLINE : 16 lead quadruple in-line (See page 8) 
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TBA240 

CIRCUIT DIAGRAM 

6 5 
O 

10 

70 

R7 
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tkfl 
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1.6 k R 

R6 

2.2kn 
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n 

R11 
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2.6kn 

R14 
6.1 kn 

R16 R2t1 
9.2kf1 650n 

D2~ 

D3 •' 

R12 TR 0 
6.9 
kII 

TR9 

R13 

76on 

R17 
 ~  TR12 
1kn 

R18 
~—I   7R13 

1.5kn  
 03 

Rig 
~--I  TR14 

~/ 
t.5kn 

 ~ TRi1  02 

O 
u 7255484.1 

9 4 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltage s 

Pin No.l voltage (V1-16 ~ V7-16) V1-16 max. 13 V 1) 

Pin No.2 voltage see test circuit on page 5 

Pin No.3 voltage do not apply external voltage 

Pin No.4 voltage (via RZ > 1 kS2) V4-16 —5 to +1. 5 V 2) 

Pin No.6 voltage (connect pin 6 to 
pin 1, via R3 < 2 kS2); V6_16 ~ V7-16 V6-16 

1) Tolerated minimum voltage: 0 V 

2 ) See test circuit on page 5. 

max. 13 V 1)2) 
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TBA 240 

RATIIVGS (continued) 

Pin No.7 voltage V7_16 max. 7 V 1) 

Pin No.8 voltage (connect pin 8 to pin 7, 
via R4 > 50 kS2) V8_16 max. 7 V 1) 

Pin No. 9 voltage (connect pin 9 to pin 7, 
via R5 < 10 kS2) V9-16 max• 7 V 1) 

Pin No. 10 voltage (via R6 > 2 kS2) 

V10-16 < V7-16 V10-16 max. 7 V 1) 

Pin Noll voltage do not apply external voltage 

Pin No.12 voltage do not connect 

Pin No. 13 voltage (via R7 > 1 kSt) 

Pin No.15 voltage 

V13-16 

- V15-16 

-1 to +5 V 

max. 5 V 

Currents 

Pin No. 5 current I5 -5 to +0.5 mA 

Pin Noll current }~11 max. 250 µA 

Pin No. 13 current -I13 max. 1 mA 2) 

Pin No. 14 current ±I14 max. 1 mA 

Pin No. 15 current I15 max. 1 mA 

Total power dissipation Ptot 

Temperatures 

Operating ambient temperature 

Storage temperature 

1) Tolerated minimum voltage: 0 V 

2) Tolerated minimum current: 0 mA 

3) berated from Tamb ? 60 °C with 4 mW/oC. 

Tamb 

Tstg 

max. 260 mW 3) 

0 to +60 oC 

-25 to +125 °C 

~~ 

~, 
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TBA240 

CHARACTERISTICS at Tamb = 25 oC; V7_16 = 5.5 V; V1-16 = 12 V 

Total average power dissipation 

Required input signals 

Typical composite peak white to 
peak sync voltage 

Negative noise pulse current 
(peak value) 

Positive noise pulse current 
(peak value ) 

Delivered output signals 

Discriminator output voltage 
(peak to peak value) 

Positive going sync pulse voltage 
(peak to peak voltage) 

Negative going noise pulse voltage 
(peak to peak value) 

Typical composite video, with inverted noise 
pulses, peak white to peak sync voltage 
(to be utilized if external frame sync 
is applied) 

Frequency response for signal voltages: 

V2-16~ V5-16andV9-16 with respect toVlO-16 

Symmetry fault in discriminator 

Pin No.2 and No.3 voltage difference 
(for symmetrical saw~tooth of 3 Vp-p) 

Ptot 

V10-16 

113M 

115M 

V3-16(p'P) 

V 5-16(P'P) 

V9-16(P'P) 

V11-16 

tpdr ~' tr 

tpdf ~ tf 

typ. 100 mW 

0. 5 to 3 V 

2 100 µA 

_> 10 µA 

< 4 V 

typ. 7. 5 V 

typ. 2 V 

0.5to3 V 

< 600 ns 

_< 600 ns 

V2-16 — V3-16 ~ 0.2 V 
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TBA240 

CHARACTERISTICS (continued ) 

Test circuit: 

video _~  
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R6 
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TBA240 

APPLICATION INFORMATION 

Example of a circuit for negative modulated signals 

s-

+s.SV 

500 
n 
'~ 

video~etector 
and 

video follower 

Notes: 

video 
6801 1 181 1560 
n kn kn 
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~ 2.7kn 10 
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 I 1 

T3pF 
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33^  s60n 220 
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7 
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nF 

~~ 
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2 1kn 
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10 
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1T  47nF 

z.7kn
—~ I 

T µF 
~+ 

to vertical 
oscillator 

O 

reactance 
stage 

1V / 1000 Hz 

10µF 

~~ 90VP-P 
,:s:~ 

1. The video signal is d. c. coupled to the clipping circuit and the sync pulse is sliced 
about 30°Jo below top sync. 

2. For positive modulation a. c. coupling is preferred (see figure below); slicing 
then varies between 10°jo and 30% below top sync, depending on picture content. 

1 

F+ 

s.skn 
2.7 k n 

 ~ ~ 

220pF 

I6 ~1 I4 I1 
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15 
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TBA240 

APPLICATION INFORMATION (continued) 

3. In the top circuit on page 6, pin 13 gives amplitude selective and pin 15 frequency 
selective noise inversion. The amplitude selective inversion starts when impulses 
pass zero in the negative direction; the frequency selective inversion, when the 
peak voltage across the coil exceeds 0.7 V. 

4. The keying voltage on pin 4 (top circuit on page 6) is derived from the voltage across 
the capacitor in series with the line deflection coils; alternatively, it can be de-
rived from a positive flyback voltage across the coils (less components), but in 
that case the vertical pulse may exercise astronger influence on the line flywheel. 

5. In the out-of-sync conditions the phase discriminator operatesas a frequency de-
tector; to keep the catching range from being shifted, the d. c. load at pin 3 
should not be allowed to exceed about 6µA. Good results are obtained with a re-
actance stage sensitivity of 1 kHz/V (t 700 Hz catching range). 

6. An integral stabilization circuit (TR12) establishes the level of the comparison 
sawtooth at pin 2. To avoid overloading the stabilization circuit, the direct cur-
rent from pin 2 to earth must not exceed 1 mA. 

7. The clipper input (pin 10) calls for a video signal with negative going sync pulses. 
The figure below shows the optimum levels. 
The clipped slice is proportional to the difference between the top sync level and 
+5.5 V (i.e. to 3 V in figure below). 

S.SV~ -- 

3V 

i 

f 
2.5 V 

1 
'1255405 
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TBA240 

16 LEAD QUADRUPLE IN-LINE 

4 
L 

P 
c 

21.85 
19.31 

—~-

38 
5.2 3.4 
48 

1 

4.4 
max 

+ o.s 
—5Z S~—J--min 

1.9 
t.7 

SOLDERING 

14x us 
/  f i  0.95 

+12~4~  I 
II/~~~--------...~.

t.t 
V ~ 0.9 

v 
I- 1 ~ —yt~ ---+'~""I~~ 0.51

y  1.9 f  y  1.4 ~ 
17 I 11 

al 

Dimensions in mm 

72.90 max 
~ 7.62 maz ~ 

t-- 6.48 max ~ 

0.29 
0.23 

jam_ 6.12 
7.12 

  132  
12.2 >2553J1t 

~~) Centre-lines of all leads arc 
within ± 0.254 mm of the 
nominal positions _shown; in 
the: worst case, the; spacing 
between any two leads may 
deviate frpm nominal by 
±0.51 mm. 

1. By hand 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 oC it must not be in contact for more than 10 seconds; 

if between 300 °C and 400 °C, for not more than 5 seconds. 

2. By dip or wave 

260 ° C is the maximum allowable temperature of the solder; it must not be in 
contact with the joint for more than 5 seconds. The total contact time of succes-
sive solder waves must not exceed S seconds. 
The device may be mounted up to the seating plane, but the temperature of the 

plastic body must not exceed the specified storage maximum. If the printed cir-
cuit board has been pre-heated, forced cooling may be necessary immediately 
after soldering to keep the temperature within the allowable limit. 

3. Repairing soldered joints 

'The same precautions and limits apply as in (1) above. 
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TBA281 

VOLTAGE REGULATOR 

The TBA281 is a monolithic voltage regulator. It comprises a temperature compen-
sated reference amplifier, an error amplifier, a power series pass transistor and 
current limit circuitry. External series pass transistors maybe added if the load 
current exceeds the maximum limit. The circuit can be used with adjustable current 
limiting and remote shut down. It features lowstand-by current drain, low temperature 
drift and high ripple rejection. The TBA281 can be used with positive or negative 
supply voltages as a series, shunt, switching or floating regulator in the ambient 
temperature range 0 to+70°C. The TBA281 is equivalent to the 723C. 

QUICK REFERENCE DATA 

f 
J 

Line regulation 
Vi = 12V to 40V 

Load regulation 
IL = 1 mA to 50 mA 

Stand-by current drain 
Vi=30V, Io =O 

Input voltage range 

Output voltage range 

Input-output voltage difference 

tYP 

tYP• 

tYP 

0.1 

0.03 

2.3 

9.5 to 40 

2.0 to 37 

3.0 to 38 

°~o V o 

°JoVo 

mA 

V 

V 

V 

PACKAGE OUTLINE 

1.0 max 

85 
mnx 

Dimensions in mm 

, ~ + O.LB 
~ ~ f  max 

~6.6max-+~ 12.7min + 

For details of pin numbering see page 3. 

X259350.1 
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TBA281 

RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages 

Input voltage V7 max. 40 V 

Supply voltage V g max . 40 V 

Input-output voltage difference V7_6 max. 40 V 

Currents 

Output current —I6 max. 150 mA 

Current from reference amplifier output — I4 max. 15 mA 

Power dissipation 1) Ptot max. 800 mW 

Temperatures 

Operating ambient temperature Tamb 0 to +70 °C 

Storage temperature Tstg —65 to +150 °C 

_) For operation above ambient temperature of 25 °C deratelinearly at 6.8 mW/oC. 
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TBA281 

CIRCUIT DIAGRAM 
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PINNING 

1. Current sense 

2. Inverting input 
3. Non -inverting input 
4. Reference voltage Nref) 
5. Negative supply voltage ( -VN) 
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5 
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1so n 
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6. Output voltage No) 
7. Collector voltage NC) 
8. Positive supply voltage (V p) 
9. Frequency compensation 

10. Current limit 
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 01 

9255:.99 
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TBA281 

CHARACTERISTICS at Tam=25°C; Vi=Vp=VC=12V; -VN=OV; Vo =SV; IL =SmA, 
Rsc = 0; C1 = 100pF; Cref = 0 unless otherwise specified; 
(for testcircuit see figs. 1, 2 and 3 on page 5) 

Line regulation 
typ. 
< 

typ. 

0.01 
0. 1 
0. 1 

~ Vo
~ Vo
~ Vo

at Vi = 12 to Vi = 15V 

at Vi=l2 toVi=40V < 0.5 ~Vo
at Vi = 12 to Vi = 15V; Tamb=O to+70 ° C < 0.3 ~Vo

Load regulation 
typ. 0.03 ~ Vo

at IL=ltoIL=50mA < 0.2 ~Vo
at IL =1mAtoIL=50mA;Ta~=Oto+70° C < 0.6 ~Vo

Ripple rejection at f = 50 Hz to 10 kHz 

Cref = 0 typ. 74 dB 

Cref = 5µF 

Average temperature coefficient 

typ. 86 

0.003 

dB 

o
of output voltage at Tam = 0 to +70 °C 

typ. 
< 0.015 

~/oC 
~/ C 

Short circuit current limit 
Rsc = 102; Vo = 0 typ. 65 mA 

Reference voltage V4 
typ. 7. 15 

6. 8 to 7. 5 
V 
V 

Output noise voltage at B = 100 Hz to 10 kHz 

Cref = 0 Vn typ. 20 µV 

Cref = 5µF Vn typ. 2. 5 µV 

Long term stability 
0.1 over 1000 hours 

Stand-by current drain 
IL = 0; Vi = 30V Ip typ. 2.3 mA 

< 4.0 mA 

Input voltage range Vi 9.5 to 40 V 

Output voltage range Vo 2.0 to 37 V 

Input-output voltage difference Vi-Vo 3.0 to 38 V 
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TBA281 
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TBA281 

Formulae for intermediate output voltages 

Outputs from +2 V to +7 V (fig. 1) 

Outputs from +7 V to +37 V (fig. 2) 

R2 
Vo =Vref x 

R1 + R2 

x
Rl+R~ 
R2 

Vo -Vref 

Resistor values (kS2) for standard output voltages. 

positive output 

voltage (V) 
figure fixed output 

+ 5~ 
adjustable output 1) 

+ 10~ (see fig. 3) 

R1 R2 R1 Rv R2 

+ 3.0 1 4.12 3.01 1.8 0.5 . 1.2 

+ 3.6 1 3.57 3.65 1.5 0.5 1.5 
+ 5.0 1 2.15 4.99 0.75 0.5 2.2 

+ 6.0 1 1.15 6.04 0.5 0.5 2.7 
+ 9.0 2 1,87 7.15 0.75 1.0 2.7 
+ 12 2 4.87 7.15 2.0 1.0 3.0 
+ 15 2 7.87 7.15 3.3 1,0 3.0 
+ 28 2 21.0 7.15 5.6 1,0 2.0 

1) For adjustable output voltage replace R1/R2 in fig. 1 and 2 with divider circuit 
shown in fig. 3 on page 5). 
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0.1 

load 
regulation 

(%Vol 

0 

-0.1 

-0.2 
0 

7255594 

V; =12V 
V°=5V 
Rsc = 0 

Tamb= 0°C — 

25°C 

70°C 

0.3 

load 
regulntion 

(%Vo ) 

0.1 

0 

-0.1 

-0.2 

50 I°(mA) 

0.1 

load 
regulation 

(%Vo) 

100 

77.55597 

Vo=SV 
I ~=1 to SOmA 
Tamb=25°C 
Rsc=O 

0 

- 0.1 

-0.2 
0 

7255595 

V,=12V 
V°=5V 

Rsc=10R 

Tamb=O°C 

25°C 

70°C 

0.4 

line 
  regulation 

(%Vo ) 

-0.3  
0 10 20 30 40 

V;-Va (VI 

0.2 

0.1 

0 

-0.1 

-0.2 
0 

25 I°(mA) 50 

7255598 

DV;=3V 
V° -SV 
I~=1mA 

Tamb = 25°C 
Rsc=O 

10 20 30 40 
Vi-Vo (VI 
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i~0 

I~ 

ImAI 

"00 

50 

7259999 

max. allowable load current 

T~=150°C 
Rth ~_°=150°C/W 
stand-by power: 
60mW 
without heat sink 
maximum values 

70°C 

7.5 

V°

(vl 

5 

2.5 

3 

2 

1 

7Z 55598 

Ta mb=O°C 

25°C 

70°C 

Vo =Vref 

I~=O 

00 

~zssso 

current limiting characteristics 

V;=12V 
Rs~ _1on 

0 
Tamb= 0 C 

25°C 

  70°C-

00 
50 I°(mA 100 

25 V; (VI 50 
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INDEX 

INDEX OF TYPE NUMBERS 

The inclusion of a type number in this publication does not necessarily imply its 
availability. 

Type No, Section Type No. Section Type No. Section 

FCH101 DTL FCY101 DTL FDR126Z1 MOS 
FCH111 DTL FDH106 MOS FDR131Z MOS 
FCH121 DTL FDH116 MOS FDR131Z1 MOS 
FCH131 DTL FDH126 MOS FJH101/7430 TTL 
FCH141 DTL FDH136 MOS FJH111/7420 TTL 

FCH151 DTL FDH146 MOS FJH121/7410 TTL 
FCH161 DTL FDH156 MOS FJH131/7400 TTL 
FCH171 DTL FDJ106 MOS FJH141/7440 TTL 
FCH181 DTL FDN106 MOS FJH151/7450 TTL 
FCH191 DTL FDN116 MOS FJH161/7451 TTL 

FCH201 DTL FDN126 MOS FJH171/7453 TTL 
FCH211 DTL FDN136 MOS FJH181/7454 TTL 
FCH221 DTL FDN146 MOS FJH191/7480 TTL 
FCH231 DTL FDN146A MOS FJH201/7482 TTL 
FCH281 DTL FDN156 MOS FJH211/7483 TTL 

FCH291 DTL FDN156A MOS FJH221/7402 TTL 
FCH301 DTL FDN166A MOS FJH231/7401 TTL 
FCH311 DTL FDN186 MOS FJH241/7404 TTL 
FCH321 DTL FDN196A MOS FJH251/7405 TTL 
FCJ101 DTL FDN206 MOS FJH261/7442 TTL 

FCJ111 DTL FDN206A MOS FJH291/7403 TTL 
FCJ121 DTL FDN506 MOS FJH301/7426 TTL 
FCJ131 DTL FDN516A MOS FJH311/7401-51 TTL 
FCJ141 DTL FDN526A MOS FJH321/7403-51 TTL 
FCJ191 DTL FDQ106 MOS FJJ101/7470 TTL 

FCJ201 DTL FDR106Z MOS FJJ111/7472 TTL 
FCJ211 DTL FDR106Z1 MOS FJJ121/7473 TTL 
FCJ221 DTL FDR116Z MOS FJJ131/7474 TTL 
FCK111 DTL FDR116Z1 MOS FJJ141/7490 TTL 
FCL101 DTL FDR126Z MOS FJJ151/7491A TTL 

DTL = FC family 
MOS = FD family 
TTL = FJ family 
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INDEX 

Type No. Section Type No. Section Type No. Section 

FJJ181/7475 TTL TAA370 L TAB101 L 
FJJ191/7476 TTL TAA435 L TAD100 L 
FJJ211/7493 TTL TAA450 L TBA221 L 
FJJ251/7492 TTL TAA521 L TBA222 L 
FJJ261/74107 TTL TAA522 L TBA240 L 

FJK101/74121 TTL TAA550 L TBA281 L 
FJL101/7441A TTL TAA560 L 
FJY101/7460 TTL TAA570 L 
OM200 L TAA580 L 
TAA263 L TAA630 L 

TAA293 L TAA640 L 
TAA300 L TAA700 L 
TAA310 L TAA840 L 
TAA320 L TAA960 L 
TAA350 L TAA970 L 

TTL = FJ family 
L =Linear integrated circuits 
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D T L FC family 

T T L FJ family 

MOS FD family 

Linear integrated circuits 
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