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Amalgamated WWeeloss Ve CW Py L

BOX 2516, G.P.O. :
45-47 YORK STREET, SYDNEY

December, 1958.

Dear Resder,

With this issue we come to the end of what we hope hag
been an interesting and successful year with "Radiotronlics™.
The "Radiotronics" staff takes this opportunity of wishing
you a happy and prosperous year in 1959.

We are striving constantly
to maintain and where possible
improve the standard cf content
and presentation. Mcreover, the
"Radiotronics™ staff is always
ready to help you with your
valve data and application
Preoblems, and in fact, in any
way possible.

Plans for the future, of
which further detalls will be
announced later, include a
cumulative index to date as a
1ift-out supplement,  and a
reader's reprint and photostat
gervice. As an example of the
mgterial under preparation
for you, we will bring you,

. starting early in the new year,
a series on tran51stor fundamentals and applications,
designed to give engineers and techniclans a quick course

in trangistor theory.
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Yours sincerely,
AVATLGAMATED WIRELESS VALVE CO. PTY.TLTD.

Bernard J. Simpson,
Bditor, Technical Publicatiocons,

N

]
. /
S




AT,
i y
"\._/

SERVICING TRANSISTORIZED RADIOS ... e, 204

This is the second of a series of three arficles on the servicing of fransisforized
radms, intended to assist servicemen and others in the handling, testing and
repairing of these units, .

RADIOTRON PHOTOJUNCTION CELLS ... e e e v 210

An announcement of rwo miniature photodiodes of the germanivm p-n alloy
junction fype.

F".UI.SEk EMISSION TESTING OF GAS VALVES .. e e i s 212

This - article shows how the particular voltage-corrent characteristics of gas-
filled valves can be used in a single pulse test both to defect failures and
evaluate marginal-performance cases. A basic circuit for the fest Is given.

This article amplifies data originally published in Radiotronics in Avgust, 1953.

DRIFT TRANSISTORS .. ... .. e e 217
A shorf nofe on drift irans:stors, what they are, how they work, and their '
advantages.

FIELD MESH IMAGE ORTHICONS e e 218

The field mesh electrode used in some image orthicons to correct the deceleraﬁny
field on the scanned side of the target is briefly described.

Radiotronics is published twelve times a year by The Wireless Press for Amalgamated Wireless Valve Company
Pty. Ltd. The annual subscription rate in Australasia is 10/~ in U.S.A, and dollar countries $1.50, and in all other
countries 12/6. Price of a single copy is 1/-.

Subscribers should promptly notify Amalgamated Wireless Valve Company Pty. Ltd., 47 York Street, Sydney,
and also the local Post Office of any change in address, alowing one month for the change to become effective

Original articles in Radiotfonics may be published without restnctmns provided that due acknowledgment is
given.

Devices and arrangements shown or described herein may use patents of RCA or others. Information is furnished
without respon51blhty by RCA for its use and without prejudice to RCA’s patent rights. Information published
herein concernmg new RCA releases is intended for information only, and present or future Australian

availability is not implied.
EDITOR BERNARD J. SIMPSON
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Trans:storlzed

Servicing
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' By B. J. Simpson

GENERAL CONSIDERATIONS

Transistor radios are appearing in ever increas-
ing numbers, and many servicemen approach the
first few transistor sets that appear on their bench
as o “black box™. It isn't a black box — it’s still
a superhet, with converter, if amplifier, second
detector and audio stages. Sometimes there is
an f amplifier stage, and almost invariably
to-day, a ferrite rod aerial. Servicemen of greater
maturity will recognise on old friend of the 1930’s,
the-Class B audio oulput stage, brought back into
use because of its low no-signal current drain.

The major difference, of course, is the replace-

ment of the thermionic valve with a crystal valve
or transistor, Both of these devices perform the
same function, but whereas in the thermionic valve,
the cathode-anode current flow is regulated by
the small grid veltage, in a transistor (Common-
emitter circvit) the emitter-collector current flow
is regulated by the much smaller emitter-base
current. The thermionic valve is thus voltage-
controlled and the transistor current-controlled

Both ftransistors and thermionic valves are
biased, but the wapplication of bias differs in
practice. A thermionic valve may be biosed to
cut off, whereas the transistor is cut off when no
bias is applied, that is, the transistor is "'forward
hiased”. To put it another way, a thermionic
valve is biased to reduce plate curreni to the
required value, whereas the transistor is forward
biased to incredase collector current.

Before aitempting to service transistorized
equipmenf if goes without saying that an under-
standing is necessary of the transistor and how
it works. Another important point is the ability
fo recognise or identify whether transistors in a set
on the bench are p-n-p or n-p-n type as this will,
of course, determine the polarities of voltages
which one will expect to find in the set, and will
influence selection of alfernative transistors where
necessary. Where the manufacturer's daia does
not state the type used, an inspection of the circuit
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diagram will reveal the required: information.
The symbols used for the two types are basi-
cally similar, but the arrow on the the emitter
connection is peinting towards the base for p-n-p
type, uway from the base for an n-p-n fype.
See Fig. 1. Note that some sets use o mixturé of
the two iypes. .
Alternahvely, in the descrlphons “p-n-p" and
“n-p-n" read negative for n and positive for p;
then the required polarify on the collector is
given by the centre lefter. A check with the circuit
diogram may reveal o negative voltage or perhiaps
7 to @ volfs on the colleciors. From the foregoing
then we recognise the fransistors in. the set as
p-n-p types. . ‘
The emitter voltage is small, and of opposite
polarity {with respect to the base) to that on
the collector. It may not be obvious from Fig 1
that the base is the reference, but this is so,
and voltages are normally quoted “with respect
to base, I[f the collector bias is applied with
incorrect polarity, a destructively large current
will flow, limited only by the dc resistance in
the base and collector circuits. Collector break-
down will occur if the bias [of correct polarity]
is applied at too high a voltage, The emitfer-base
junction is forward-biased. Incorrect polarity may
permanently damage some transistor types having
o low emitter-to-base breakdown voltage rating.

SERVICE PRECAUTIONS

Before doing any service work on a fransistor
radio, all components and wiring should be given
an intense visudl inspeciion. look for broken
leads, poor soldered joints, corroded or bent
battery terminals, solder or dirt between leads,
breaks or cracks in printed circuitry, and similar
faults. The largest single reason for service re-
quests on transistor radios is a run-down battery.
Test the battery under load;.as many cnrcun‘s are
very sensitive fo voltage supply. :

Transistors are operationally very rugged de-
vices, and when used within the manufacturer's
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FIG. |

ratings, may be expected to have a very long
life in service. They are, however, easily damaged
by careless handling, excessive h&at and by the
application of incorrect poténtials and .currenis.
A number of precauvtions must be taken in the
servicing of tronsistor radios, and a number of
pructices long common in the testing and repair
of -thermionic valve sets must be discarded. The
well-known practice of shorting. out compeon-
ents in the set to chéck whether certain stages
are operating will certainly lead to damage, by
shorting out transistor bias resisiors, generating
damaging surges, and other effects. This will
leave the serviceman with the more difficult
problem of repairing both the original fauli plus
those he has caused himself. The same applies
fo the aitempied measurement of voltages by
shorf-circuiting them with a screwdriver, which
would not in any case be feasible, due to the low
voltoges used in transistorized equipment.
Indiscriminate probing and prodding in the set
whilst it is switched on may give rise to damaging
current surges. Shorting of transistor connections
together or to the chassis will disrupi the bias
arrangements and may cause fusing of the transis-
tors by the resulting cutrent surge. No disconnec-
tion should be made anywhere in the set whilst
switched on. If working on o set employing nega-
tive feedback from voice coil to output stage

Radiotronics
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emitters, the speaker must be connected ot all
times when the set is switched on. Transistors
operate instantly on application of power, and
no time is lost by switching off during servicing
operations. o

The removal or replacement of transistors in
a set whilst it is switched on may give rise to
damaging current surges. Similarly, the disconnec-
tion of one fransistor lead whilst power is sfill
applied to the other two connectfions mdy ruin
the component. '

Transistors are sensitive to-heat, and tempera-
tures in excess of 90° C. {less than that of boiling
water) can cause permanent damage. When sol-
dering transistor leads, always work as quickly
as possible and provide a protective heat sink
for the transistor by gripping the lead in. a pair
of “telephone’ pliers between the fransistor case
and the soldering point. If soldering to transistor
holders, always remove the transistor during the
process, Care must also be taken even when
working on other components that the body of
the soldering iron is not placed too close fo «
transistor,

The implementation of the precauvtions men-
tioned here requires, among other things, the
careful selection of fest equipment, The require-
ments of equipment for use in servicing transistor
radios will now be discussed.

December, 1958
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SERVICE EQUIPMENT
General

The usual care should be taken in providing
an efficient earth to the frame of any mains-
driven item of test equipment. in addition, the
output or input circuits of such items as signal
generators, BFO’s and CRO's should be such that
‘no voltage is present on the terminals, and there
is nho low-impedance dc path between ‘“‘hot”
and '“earthy” terminals,

These precaviions ensure that there is no possi-
bility of applying a damaging voliage to a
fransistor circuit, or of damaging the transistor
by allowing high current to flow. Both precautions
can be implemented by the use of good quality
capacitors of suitable value in series with the
“hot” lead connection. _

Assuming an input impedance of 1000 ohms,
o suitable value of cdpacitor would be one offer-
ing o capacitive reactance at the operating fre-
quency appreciably lower than 1000 ohms.

-

Ohmmeters

Transistors can be damaged by the application
of potentials present in many widely-used types
of ohmmeter or multimeter. Even when the ohm-
meter voltage is low enough o render the instru-
meni safe on transistor circuits, the presence of
the iransistors in the sef can lead to misleading
readings when circuit checking. The fransistors
may conduct under the influence of the applied
ohmmeter voltage, and the more reliable procedure
is to disconnect the transistors from the circuit when
checks of circuit vallues have to be made. 1t should
be noted that transistor radios are fitted .with
quite low-voltage elecirolytic capacitors, and the
open-circuit voliage of many test meters is suffici-
ent to damage these components. The polarity
of the ohmmeter leads should be checked, as
even the comparafively low voltage used in
ohmmeters can damage the low-veltage eleciro-
lytic capacitors when applied in the wrong
polarity. Trensistors also, of course, can be
damaged by the opplication of voltages of in-
correct polarity.

An ohmmeter used on a transistor radic must
be of the low-current type, and should nof pass
a current through the external <circuit greater
than 1 ma on any range. Check this by using
a separate low-resistance milliammeter in series
with the chmmeter leads. As regards open-circuit
-voltage, it is, in general, safe to use an ohmmeter
which uses a battery of 3 volts or less, provided
a high-ohms range is used, It may be advisable
to construct a simple low-voltage chmmeter for use
with transistor sets. ‘

Voltmeters

Voltmeters used on transistor radios must have
a high impedance to avoid misleading results
cavsed by shunting effects, and o volimeter of
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20,000 chms/volt (50 ua fsd) is recommended.
In servicing transistor radios, circuit checks using
an accurate voltmeter and the comparison of the
resulis with the manufacturer’s typical figures
given in the service data will provide a more useful
indication than ochmmeter checks of the circuit.

The voltage checking con also be carried out -

without disconnecting the transisfors, and is there-
for more economical in time. Note that the figures
given by the manufacturer are generally taken
under no-sighal-input conditions. This itype of
checking is deali with in more detail later when
dicussing *'Static Meter Tests™.

Hand Toels

Because the sets and components dare small,
and in view of the danger of heai-damage to
the transistors, only a small soldering iron should
be used, of the order of 30 watis or less. The
small “pencil” type instrument irons are admirably
suited, and have the additional advantage of
operalting on o low ac voltage derived from o
transformer.

Low insulation resistance between the element
and bit of « soldering iron could cause the appli-
cation of o destructively excessive reverse voltage
to the transistor junctions, A low-voltage soldering
iron would minimise this risk, even when the in-
sulation is poor, and particularly if a tronsformer
is used which has an earthed shield between wind-
ings. MNeedless fo say, the iron bit and casing
should be effectively earthed. In general, tools
smaller than those normally found in o setviceman's

kit will be most useful, including tweezers and

"telephone" pliers with very fine points.

STATIC METER TESTS

Two types of stalic meter tests are described
here, a current consumption fest and an individual
stage voltage check. The measurement of the
total current drain of the set,’ and then the meuas-
urement of the total current drain with each tran-
sistor in turn removed from the sef in analogous
to a check on a valve heating and passing current
in a thermionic valve set. It musi, of course, be
remembered that the fact that a transistor does

not draw current does not necessarily mean that

it is faulty — the fault may lie in an associated
component. The test is, however, easily carried
out and at least serves to isolate a faulty stage
if nothing more.

Voltage tests at the electrode terminals of the
tronsistors will reveal many types of faults, and
at the same time provide a check on the circuitry,
Manufacturers of transistorized radios ‘almost
invariobly quote the elecirode voltages on the
circuit diagram. Unless specifically stated in the
manufacturer's data, make static meter tests with
the volume turned fully on, and the set tuned to
a spot where there is no active station.
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PR




207 .

afoot
ouu..w.
A <
S co:
— “la

SeST L¥ vo
o LTY aw

TR (243 LR N

L2 +
oot = -
atu =
Agew xomm NL-¥
AET5 vew i

as
LI

i ALGO- ARZ=

RS0~

5. .
¥Q520 - N Ve

31w - A .

]

2008
€3

nos
LI

LPO-
zzy

re-r
Sin

aL-v

)

¢

Zo14

. ath
za 3]
oS T

December, 1958

1otronics

"Rad




208.

CURRENT CONSUMPTION

A typical transistorized radio is shown in Fig.
2. The load on the baltery consists of the seven
transistors and also several bleed circuits designed
to provide various operating potentials throughout
the sef. The battery load portion of the receiver
has been drawn to show the various dc current
paths served by the buﬁery, and the result is
seen in Fig. 3.

The procedure for this tesi is to break the
battery lead, say at either of the points marked
X on the diagram, and insert a milliammeter, Use
the highest possible range on the meter. Although
the resistance of the meter will probably be quite
low, the added resistance in the bhaitery circuit
may give trouble, such as audio oscillation in a
sef with single-ended output stage. Such troubles
can usually be eliminated by shunfing the mefer
with o low voltage electrolytic capacitor of fairly
high value, observing correct polarity.

If the set is now switched on, the meter will
indicate the total no-signal current drain. In the
case of the receiver of Figs. 2 and 3, it is approxi-
mately 15 ma, The drain is now checked with
each fransistor.in turn removed, switching off the
set each time, of course. A fall in total current
drain of the order of 0.25 to 1.0 ma should be
observed in each case with one fransistor removed;
depending on battery voliage and other design
features of the set. Failure to produce a change
in battery current by removing a fransistor points
to a faulty fransistor or components associated
with the stage in question.

Electrode Voltage Check

A high-resistance voltmeter or VIVM may be
used to check individual electrode voltages on
the transistors in the set, comparing the readings
against those published in the manufacturer’s
data. Note that the published flgures are typical
figures, fo which a reasonable tolerance of say
20% should be applied before assuming « fault.
The readings must be made under no-signal con-
ditions unless otherwise stated. A signal input
will vary electrode voltages due to increased cur-
rent drain, age action, and other effects, Any other
circuit voltages quoted in the data, such as at
fixed potentiometers, should also be checked out.
The polarities as well as the magnitudes of the
voltages are, of course, very important, and musi
be carefully checked.

DYNAMIC TESTING

It seems likely that dynamic testing will prove
even more populdr in locating faults in transistor
radios than with sets employing thermionic valves.
The trend to dynamic testing is given extra im-
petus by ihe increased difficulty of making point-
to-point. circuit checks in transistorized equipment,
and by the fact that there is a natural reluctance

Radiotronics

to indulge in exiensive soldering operations in
order to carry out tests. Where printed circuitry is
used, the tendency is even more understandable.

It must be remembered that transistors are very
robust, and for a transistor to fail of itself is
probably rare. Failures can usually be aitributed
to an outside cause, such as heaf, mishandling,
or the incidence of incorrect circuit condifions.
As far as the service bench is concerned, probably
the best way to check a transistor is by substitution,
but in view of the feregoing remarks, a few pre-
cautionary checks should be made before resorting
to the substitution method of fault clearing. Having
isolated the fault to a particular stage, it would
be wise at [east to check applied potentials before
making a substitution, It will be seen then that
whereas it is common in servicing sets using ther-
mionic valves to pull the valves and check them
early in the procedure, and then later check the
circuit if necessary, the reverse is the case with
transistorized equipment. In a transistor radio,
every effort is made o check the circuit before
suspeciing or replacing fransistors.

Dynamic testing procedures are familiar to
servicemen, who have the. choice of the signal
tracing or the signaf injection methods. In the
following remarks it will be assumed that the
latter method is used, as being perhaps the more
popular of the two, and translation info terms of
signal tracing should present no. difficulty. The
basic procedures are no different from those used
jn thermionic ‘valve radios.

Reference to Fig 2" will show that certain test
points have been ‘indicated on the diagram,
labelled alphabetically. These test points on this
typical receiver are suggested as examples of
check points which may be selected on receivers
for the purpose of carrying out dynamic tests.
Assuming fhat the set is completely non-operative,
o good place to start is between the second de-
tector and the first audio stage, shown at A. [f
an audio signal injected at this point produces
an output, then the fault must lie in the pre-
ceeding stages. Thus by one simple tesi, half
the set has been eliminated in the search for the
fault. Additional check points on the audio section
of the receiver would be B and C, assuming that
signal af A produces no ouiput. Points B and C
then aftempt to elimingie the audio stages one
by one, .

if signal output is heard with an injected audio
signal at A, then steps must be taken to frace
the faulty stage in the high frequency sections of
the receiver. Injecting the intermediate frequency
(455 Kc) modulated by an audio tone at D
halves the remaining stages fo be checked. If
no output results, then test with the same frequency
at poinf E. If output is obtained from D, then the
fault must be in the converter stage. Checks may
then be made at F using the intermediate fre-
quency and at G using any frequency within the
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range of the receiver; the receiver will, of course,
have to be tuned to the same frequency. Failure
of the local oscillator signal at the converter
sfage may be checked by tuning.the receiver to
o known active station and fthen .injecting the
calculated local oscillator frequency through a
very small. capacitor at point H. Slight adjustment
of the signal generator may be necessary to se-
cure the correct frequency, and the signal should
of course, be unmodulated.

Whilst the foregoing remarks indicate one ap-
preach to the problem, any systematic method will
produce the required results in fauit location, One
point to waich is that the input signals at- the
various test poinfs are af a level which might
reasonably be expected there, Too large o signal
will lead to misleading resuits, either in masking
low sensitivity or by direct capacitive coupling

“jumping” o favlty stage. Too low o signal will,

of course, tend to mark a stage as faulty in error.
As o guide it may be assumed that levels are
generally 20 to 30 db below those in o thermionic
valve receiver with similar layout and number of
stages, when measured on an input elecirode.

It may be as well to stress again here the im-
porfance of avoiding a dc path between the
generafor oufpui terminals. Such o dc path would
alter the transistor bias conditions. This position

Radiotronics

iv
VTé %VT? | | =

= FIG.3

R27

can be avoided by the insertion of a suitable
capacifance in one of the generator leads.

AUTOMATIC. GAIN CONTROL

The automatic gain control characteristic can
yield valuable information on set performance in
transistorized radios as with other types of set.
The purpose of the funcfion is the same, to keep
the carrier level af the second defector constant
regardless of signal input level, but the manner
in which the function operates may be different,

Where p-n-p fransistors are used in the con-
trolled stages, the agec voltage is positive. In a
thermionic valve the positive input signal is super-
imposed on o negative bias which holds the valve
in the correct operating condition, and the negative
age voltage increases fhe bias to reduce gain. In
the case of the p-n-p fransistor, the signal input
electrode [base in the common emitter circuit) is
negatively biased [emitter with respect fo base].
A stronger input signal produces a higher positive
agc voltage, which drives the base of the con-
trolled fransistor less negative to reduce the stage
gain.

Where n-p-n transistors are used, the polarities
of the respecfive voltages are reversed, and so
is the polarity of the agc voltage, which now be-

{Continved on page 214}
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DIRECT!
|NCI%ERPE% RC,A%IgTION ‘ iNC‘DENT ERDAD'SPODNN
INTO END OF CELL METAL. COLLAR

PHOTOJUNCTION
- . CELLS : '

NEXT TO
COPPRRAR 0 ME FALT COLOAR

Two Radiotron photojunction cells (photodiodes) have just been announced. They are the
Radiotron- 7223 and 7224, both of which employ a germanium p-n alloy junction, These cells will
provide useable output current with polarizing voltages from o few volts up to as high 50 volts.
Their spectral response covers the range from approximately 3500 to nearly 19000 angstroms, with
maximum reponse at about 15000 angstroms. They therefore have high sensitivity fo red and mfrured
radiation, as well as good response over the visible region of the specirum.

RADIOTRON 7223

Radiotron 7223 is @ very tiny, photojunciion cell of the head-on type, especially intended for
computer, punched-tape, punched-card, and sound pickup-from-film applications. The 7223 has fast
rise and decay characteristics and a signal output which is approximately proportional to the intensity
of incident radiation.

DATA
General:
Spectral Response ... o e 5-14
Wavelength of Maximum Response ........................ 15000 angstroms
Window ... ... . v e+ Glass
Operating Position ... ... ... e Any
Weight (Approx., avmrdupms) e e 3 grains
Maximum Ratings, Absolute Values: '
POLARIZING VYOLTAGE ... .. v e .50 moax, volis
POWER DISSIPATION .. < — e 0.025 max. watf
AMBIENT  TEMPERATURE ... ... e 50 max. °C

Characteristics:

Under conditions with polarizing voltage of 2.5 volts and ambient
temperature of 25°C, unless otherwise noted.

Sensitivity: Min. Median Max.
Radiant intensity, at 15000 angstroms e — 0.8 — pa/w/meire?
Humination § * ... ... . .. 0.1 0.2 0.5 palftc
Dark Current:
At polarizing voltage of 2.5 volts ... ... . e _ — 14 pua
At polarizing voltage of 50 volts ... e R —_ - 35 pa

§ For conditions where the light source is o tungsten-filament lamp operafed ot a colour tem-
perature of 2870°K.

* The value of illumination incident on the window is 73 foot-candles.

RADIOTRON 7224

Radiotron 7224 is o very small photojunction cell of the side-on type, especially intended for
sound pickup from film and for computer applications. The photocurrent of the 7224 has fast rise
and decay characteristics. Signal output is approximately proportional to the intensity of the incident
radiation. ! :

Radiotronics December, 1958




o

General:
Spectral Response ... ...

Wavelength of Maximum Response ...

Envelope ... v e
Operating Position ... ..
Weight (Approx.) ... ...

‘Maximum Ratings Absolute Values:

POLARIZING VOLTAGE ...

POWER DISSIPATION ...

AMBIENT TEMPERATURE:
Operating ...
Storage e

Characteristics:

21

........... . 5-14
............ 15000 angstroms
- Giass

............ Any

' 1 gramme

50 max. volts
0.030 max. watt

-40 to +50°C
-65 to +75°C

Under conditions with polarizing voltage of 45 volts and ambient

temperature of 25°C,

Sensifivity:
Radiant, at 15000 angstroms
Lluminous & ... ... ..
Hlumination § * '

Dark Current: ... S

Min. Median. Max.
............ — 052 —
............ — 14 -—_
e e 0.5 0.7 —

,ua/ W
ma/lumen
pa/ft-c

— — 35 pa

¥ For conditions where the llghf source is a tungsten-filament lamp operated aof a colour tem-

perature of 2870°K,

* The value of illumination incident on the sensitive area is 73 footcandles.
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Because of the particular voltage-current
characteristics of gas-filled valves, o single pulse

test can be used in the fleld fo detect both

complete failures and “‘marginal” valves. This
article’ describes o basic circuit for making such
o test, - .

Voltage-Currerit Characteristic of Gas Valves

‘Hot-cathode gas vaives, like vacuum valves,
utilize oxide-coated cathodes which emit electrons
copiously. In a vacuum valve, however, some of
the emitted elecirons are driven back inte the
cathode by a field of previously emitted electrons;
the emission, therefore, is said to be space-charge
limited. In & gas valve, on the other hand, elec-

trons emitted from the cathode strike gas atoms -

and ionize them. The ions then neutralize the
space charge around the cathode and thus re-

" move the deterrent effect of the space charge on

the current. As a result, most of the emiited elec-

frans can reach the anode under the influence.

of a modest voltage.

Fig. 1 shows a typical voltage-current charac-
teristic curve for a gas-filled valve, The maximum
volfage which can be applied to o gas valve
before appreciable current flows is known as the
starting or breakdown voltage, indicated in Fig.
1 as Eb. After breakdown occurs, a gas valve
needs only sufficient anode voltage to produce
ionization of the gas, so long as the current
drawn is within the emissive capabilities of the
cathode, This voltage is about ? volis for xenon-
filled valves, and dbout 12 volts for mercury-
filled valves, Because the current after breakdown
increases rapidly without further increase in vol-
tage, a series resistance is necessary to limit the
current, In the typical rectifter circuif, this resis-
tance is represented by the useful load. The
operafing point, A, is determined by drawing
through the supply voltage, Ebb, a line with a
slope equal to the reciprocal of the load resis-
tance. The oanode voliage across the valve, Eq,
at a given current, lg, is known as the valve drop.
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Gas Valves

Causes of Failure in Gus Valves

Failure, or incipient failure, of gus valves s
usually evidenced by o decrease in the emissive
capabilities of the cathode. The reduced emission,
however, may be attributed to any -one of several
causes. The presence of a foreign gas such as
oxygen or air in the valve may poison the cathode
coating .and reduce its emissive capabilities. This
foreign gas, which may be infroduced as a result
of a legk in the glass envelope or through evolu-
tion of gas from parts within the valve, may also
cause breakdown of the valves on the inverse
cycle of voltage if the ionization point of the
foreign gas is lower than that of the original
gas filling used in the valve.

. Poor emission may alse be caused by gos
clean-up, which results when the cathode coating
material in the valve sputiers under the bombard-
ment of ions, The matetial thrown off from the
cathode collects some of the gas atoms and is
deposited on the valve walls. The decrease in
emission results from both the damage to the
cafhode coating and the scarcity of ions.
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Fig. 1 — Typical Voltage-Current Characteristic

for a Gus-filled Electron Valve.
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Poor emission or a complete lack of emission
may also be caused by such defects as open
filaments, improperly coated cathodes, and shorts.
A suitable test of emissive capability, therefore,
detects these defects as well as those mentioned
above.

Methods of Test

A conventional method of testing gas valves
in the field is the measuremeni of breakdown
voltage. This test is a fairly accurate indication
of the emissive capabilities of the cathode in
valves in which the anode directly faces the
cathode, In mest gaseous rectifiers, however, «
cathode shield employed to improve thermal effi-
ciency breaks up the direct puth between cathode
and anode. This shield also acis as a grid which
is made positive or negative with respect to the
cathode by the action of the ac heater voltage
and, therefore, affects the breakdown volfage

A
AN
(SEE TABLEI)

100000
OHMS,2W

OR
Cl6J/5665
(SEE TABLE I)
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of the valve. If the shield,.is negative with respect
to the cathode when the anode swings positive,
the breakdown voltage of ihe valve is.considerably
higher than if the shield and anode voltages are
in phase. In such valves, therefore, the starting
voltage should not be taken os a medasure of
the emission.

Measurement of de¢ valve drop at rated average
current is also used quite often in the field fo
determine the performance level of gas valves.
A gas discharge is somewhat self-compensating,
however, ond, therefore, an increase of a volt
or two in valve drop can compensate for a con-
siderable decrease in emission. If the cathode
emits insufficient electrons fo provide the current
which would normally flow through the given
lood. resistance, the vaive drop increcses, Be-
cause of this increased voltage drop, the positive
ions strike the cathode with higher velocity,
raising the cathode temperature and also increas-

~ 2 if
< 100000
? S OHMS
Py
10000
S OHMS

C.R.O.

=164 f

ALL RESISTORS !W EXCEPT AS MARKED

T2p T3p T4p T

o

spl2 TEp LKL Tep MAINS

I

T
T2

Audio transformer-turns ratie 1:1

‘P{‘ilament transformer suitable for
1 .

T3, T4, TS = Filament transformer - 6.3
volts, 1 ampere

O

Tg = Power transformer - 500 velts, -60
milliamperes; 5 volts, 2 amperes

Ty = Eilament transformer suitable for
4
Tg = Variac

NOTE: When a thyratron is being tested, the connection
at A is made to Erid No.l of the thyratron; no connec-

tion is made to t

Fig. 2 — Basic Circuit for Maki
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e thyratron anode or grid No.2.

ng Pulse Emission Tests on Gas Valves.
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‘ing the secondary-emission vield, and, as a result,
bringing the emission back to normal. Because of
this compensation, little is learned about the
condition of the cathode by measurement of the
voltage drop with a dc anode supply and with
averouge current flowing,

If, however, a gas valve under test dehvers a
peak current several times its rated current, the
rise in peak voltage drop is apprecioble and is

indicative of the quantity of electrons emiﬂed
by the cathode, -

Such a high current cannot be drawn con-
tinvously. because the anode-dissipation roting
of the valve would be exceeded. The desired
information can be obtained, however, when the -
current is drawn in short pulses and with ‘a
relatively long inter-pulse period {low duty cycle),

TABLE 1
Peak Valve Drop of
Valve Auxiliary Test Current Resistor (R} End of Life
Under Test Thyrairon amperes chms, walls volts, approx,
Rectifiers:
816 5559 2 70 3 25
866-A " 5. 28 10 25
- 3B25 " 5 28 10 25
3B28 - 5 28 10 25
5558 " 5 28 10 25
872-A - C16J/5665 20 7 25 25
8008 " 20 7 25 25
" 575-A : " 30 4.7 35 25
673 " 30 4.7 35 25
5561 ' 30 4.7 35 25
6894 " 30 4.7 35 25
6895 o 30 4.7 35 25
869-B ” 40 3.5 50 25
857-B - " 80 1.7 100 25
Thyratrons:
5696 5559 0.2 700 0.5 25
884 " 1.0 140 2 25
885 ' 1.0 140 2 25
2D21 . 2. 70 3 25
502-A v 2 70 3 25
2050 . o < 2 70 3 25
629 . 1 140 2 25
5557 . 5 28 10 25
627 N 5 28 10 . 25
3D22-A " - 10 14 15 - 25
6012 " 10 14 15 25
3C23 " 10 14 15 25
5559 o 15 9.4 20 25
5720/FG33 " i5 2.4 20 25
5728/FG&7 N 15 9.4 20 25
5560 C161/5665 30 4.7 35 25
632-B o 40 3.5 50 25
672-A o 40 3.5 50 25
5563-A . 30 4.7 .35 25
105 o : 80 1.7 100 25
172 . . 80 1.7 100 25
677 o - 30 4.7 35 - 25
676 " 80 1.7 100 25
C1K/6014 " 8 17.5 20 50
C31/5632 o 30 4.7 75 50
C3J-A/5684 ” 30 4.7 75 50
Cé1/5C21 " : 77 1.8 200 50
C6J)-A/5685 o 77 1.8 200 50
C161/5665 o 160 0.87 250 50
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Pulse Test Circuit

A buasic circuit suifable for making pulse emission
tests on gaus valves in the field is shown in Fig.
2. This circuit causes the valve under test, V,,
to conduct about once a second, each conduc-
tion period lasting for only one half-cycle of the
voltage from the_ 50-cycle supply. Such a low
duty cycle permits high peak currenis to be
drawn without the dissipation limits of the valve
being exceeded. The repetition rate is fast enough
to permit observation of the valve drop on an
oscilloscope. :

In the circuit of Fig. 2, thyrairon V; serves as
an electronic swifch to pass the fest current pulse
through V;. The value of the resistor R determines
the amplitude of the current pulse. Suitable values
of resisiance for various types of gas valves are
given in Table 1. Thyratron Vo and its associated
circuit comprise a relaxation oscillator which deter-

"mines the repetition rate. The output of this
© circuit is coupled through transformer Ty to the

grid of thyratron V;. The repefition rate is not
critical; if desired, it can be adjusted with potentio-
meter P;. The low-voltage windings of trans-
formers T, and Ty are connected in series aiding
so that there is 12.6 volts across the outside
leads. The frigger pulse applied to the grid of V;
should occur at the beginning of a positive half-
cycle of anode voltage on V;. Potentiomefer Py
permits adjustment of the pulse phase over 180
degrees; it may also be necessary to reverse the
fransformer leads of both T, and Ts fo obtain
the desired phasing. Rectifier V3 supplies dc
voltage for the relaxation oscillator and for the
bias of thyratron V,.The choice of thyratron V;
depends upon the test current to'be drawn; sug-
gested thyratrons for use with various valve types
under test are given in Table 1. When the valve
under test, V, is a thyratron, the connection
at A is made to the grid No. 1 of the thyrairon;
no connection is made to the thyratron anode or
grid No. 2.

Use of Pulse Test

The conditions of valve operation during test
should be controlled in order to assure repro-
ducible results. The correct cathode temperature
is obtained if rated heater voltage Is applied
for rated heating time; five minutes is adequate
for all standard types. {This time should be
doubled if heater transformers having poor regu-
fation are used). The heater voltage should be
measured ai the socket with o good meter; the
sockef and top-cap contacis should be clean and
shug-fifting.

The valve drop of mercury-vapour valves, in
addition fo being sensitive to heater temperature,
is sensitive 1o changes of envelope temperature.
The mercury-vapour pressure is determined by the
temperature of a portion of the glass envelope
half an inch long just above the base. The fem-
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peraiure of this poriion of the envelope, some-
times called the condensed-mercury temperature,
rises above the ambienf temperature as the valve
is operated. The rate of rise: of the envelope,
temperature, as well as the operating temperature
of the envelope, depends upon valve construction
and upon the power dissipated in the heater and
anode. When the condensed-mercury temperature

is below 20°C, the mercury pressure is less

than one micron and the valve drop is so high
thai the cathode coating may be damaged. When
the condensed-mercury temperature is 25°C
or higher, each additienal increase of flve
degrees results in o decrease in valve drop of
approximately two volts. Although the time re-
quired for a mercury-vapour valve to reach
“equilibrium” temperature may be from 10 o
30 minvies, a warm-up fime of five minutes
should be sufficient to heat the cathode ond to
stabilize the mercury pressure hefore measure-
ment of pulse emission dand peak valve drop.

The oscilloscope used to measure the valve
drop must be equipped to amplify dc signals
so that the instrument may be calibrated with
dc voltage and o convenient and stable zero
voltage axis may be established. If conventional
ac oscilloscopes ore to be used in this applico-
tion, they must be converted for dc amplification.
In ac oscilloscopes having one stage of amplifica-
tion, the input coupling capacitor should be
shorted and the ouiput coupling capacitor re-
placed with a 180-volt bias battery {isolated from
ground] and a 0.5-megohm potentiometer for
vertical-centreing control, If there is no common
connection between any two of the four deflect-
ing electrodes, the cenireing may be accomplished
without the internal battery by applying a suit-
able dc voltage from o itap on the internal
supply to the vertical deflecting electrode opposite
the signal electrode. :

4

PEAK
GCURRENT
ANCDE CURRENT
FESTTT -~ N
’ \ ,’ \‘ ,1 X
F 1683 VOLTS
/ \ Y <X-d-Tuee s \
7 s AT T oRaE g Y
\ ? A ’
\ 7 M ’
\ / K !
\ 7 AY ’
- \-.. - 4
ANCDE VOLTAGE
Fig. 3 — Waveform produced on Oscilloscope

by a Gas Valve under test in the Circuit of Fig. 2.
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The woveforms produced on a suitable oscillo-
scope by the circuit of Fig. 2 are shown in Fig.
3. A single half-cycle of voltage appears across
resistor R when V; fires. The pedak current can
be calculated .after the peak voltage across R
is measured. The peak current is determined by
the peak voltage, the circuit used, and the re-
sistor specified. Because- the valve drop is not
sensitive to small variations in current, a fixed
value of R may be used for any given valve
type (see Table |}. The valve drop is indicated
on the oscilloscope by the perpendicular distance
from the zero voltage axis to the point of the
voltage waveform corresponding to maximum

current flow. The value of the valve drop may-

be determined by substituting a dc voltage which
produces the same amount of deﬂechon on the
osmlloscope.

. When valves having directly heated cathodes-
" are tested errors due to inclusion of the. filament

voltage in the reading can be eliminated by
maoking ol circuit returns to the centre tap of
the fllament transformer, When valves having in-
directly-heated cathodes ' are tested, the return
should be made to the cathode.

Evdluqiion, of. Test Results

A major advantage of a pulse test for gas
valves in the field is the ease of locating “mar-
ginal” valves before failure. The operational
*'danger .zone" of valve operation, when failure

may occur at any momeni, can be avoided if
the emission test described in this- article is
vtilized, The valve drop of an average gos
valve ot the beginning of its life ranges from
8 to 16 volis depending upon the valve type
and test curreni, Valve drop may decrease slightly
early in the service life, but it soon settles down
to o nearly constant value for the major portion
of the valve life. Toward the end of life, the
valve drop rises, slowly at first bui then at an
increasing rate, When the valve drop at normal
current approdches the end-of-life value, the
valve may fail al any moment. In equipment in
which continvity of service is important, valves
having a drop approaching the end-of-life value
under the test conditions shown in Tuble I should
be taken out of service.

The peak test currents given in Table | are
not critical; they may vary as much as ten per
cent, or more for the purposes of this test, These
current values, however, are in excess of the
rafed peak currents for the valves and are re-
commended only for pulse festing., _

A suggested schedule of pulse fests in the
field is at 100, 500, and 1000 hours, and. at
1000-hour intervals thereafter. In general, this
schedule will be sufficient fo prevent excessive
failure in operation; a modified schedule some-
fimes may be necessary to suit purhculqr require-
menfs.

“{With acknowledgements to RCA)

SERVICING TRANSISTORIZED RADIOS

IContmued from page 209)

comes negative. A stronger input signal produces
a higher negative. control voltage, which drives
the base of the controlled transistor less posmve
to reduce gain,

Pravided this is remembered, the automahc
gain control characteristic may be used in the
conventional manner in checking sets. Checking
for the presence of a control voltage when tuning
throvgh~a“known strong active station is a ready
means of testing whether the stages vp fo and
including the second detector are operative.

CONCLUSION

The servicing of transistorized radios raises no
problems new to the serviceman, but a slight
reorientation of outlook and adaption of well tried

methods is required. Perhaps the small size of
some of the ‘“‘vest-pocket” type sets will give
more trouble fhan the circvit and components;
The use of smaller tools -and seldering irons, and
the use of a few precautions’ as outlined in this
article, will make the repdir of these sets no more
difficult than any other itype. In fact, ‘the small
size and weight of these units has already made
them o popular job with many servicemen who
have refused to be daunted by new ideas.
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Transistors

COLLECTOR '‘N. TYPE

GERMANIUM

A NEW CONCEPT IN DESIGN FOR HIGH-FREQUENCY APPLICATIONS

Ahout the Name Drift

"The word DRIFT is a weli-known term in physics
used to describe the motion of charged pdrticles
in ionized gauses under the influence of an im-
pressed electric field. Charged particles move much
faster in a given direction by “drifting"” in an
electric fleld than they can by random diffusion
in the absence -of an electric field. Engineers,
recognising the analogy between the drift pheno-
mena in gaseous discharges and in semiconduc-
tors, applied the word Drift to fransistors which
incorporate a “built-in"' accelerating field.
~The eleciric field in “Drift” transistors, which
literally propels the charge carriers from emitter
to the collector, is achieved by the graded dis-
tribution” of ‘an impurity in the germanium base

region. This “built-in"' accelerating fleld, « féature

not available in conventional transistor designs,
results in greatly decreased transit time 'and there-
fore a much hlgher upper frequency Ilm:f.

The Drift Prlnclp!e

" The successful use of the drlfr f‘eld principle
lies in the crifically accurate control of-impurity
distribution in the base region during manufacture,

The density of the impurity distribution in the base

decredses exponentially from very high values
at the emitter to low values at the collector, The
impurity distribution introduces o constant electric
“drifi” field which accelerdtes {propels) the
charge carriers through the base region. Compared
with the performance of conventional transistors
in which the charge carriers move by means of

diffusion — o comparatively slow process be-

cause of its random nature —- the acceleration
of charge carriers by the “‘drifi"” field represents
o major improvement, Because of the accelerating
field in the drift transistor, the transit time of the
charge carriers is substantially less than the
transit time of the carriers in a conventional tron-
sistor. This results in greatly increased high fre-
quency performance,

Drift Transistors Provide Superior Performance

The high impurity density in the base near the
emitter results in o low base resistance, while
the low impurity density near the collector con-
tributes to low collector capacitance and results

Radiotronics

in o high collecior breakdown voltqge The -ex-
tfremely low value of collector capacitance makes
neuiralization unnecessary in. mosf -applications
and permits the design of simple and economlcul
circuits. i

The combination of low base resistance,: hlgh
collector breakdown voliage, low collector capa-
citance, and short transit time, makes possible the
design of high power gain, high-frequency cir-
cuits with excellent operating stability and good
automatic gain control capabilities ‘over- a w1de
range of mpuf signal levels. :

Shielding Minimizes Interlead Cuﬁaciiance'

Drift transistors generally -have four flexible
leads and are hermetically sealed in metal .cases,
The fourth lead is connected to the case internally
te- minimize interlead capdcitance :and “reduce
coupling to adjacent circuit components. These: im-
portant design features contribute to the useful-
ness of drift transistors in high-frequency circuits,
particularly in those military and commercial dp-
plications where low feedback capacitance is an
important design consideration. -

High- Frequency Applications

The use of drift transistors in high frequency
applications offers the following advantoages:

® low base résistance.

High output resistance for increased gain.
Low feedbuck ceapacitance.

High alpha cuteff frequency.

Controlled input and output characieristics.

Controlled power gain characteristics to in-
sure unit-to-unit interchangeability.

® Rugged mechanical construction.
@ Excellent stability.
@ Exceptional uniformity of characteristics.

Design Benefits

Design benefits- obfounecl by the use of drifi
fransistors include high input-circuit efficiency, ex-

‘cellent high-frequency operating stability, good

signal-to-noise ratio, and good autematic-gdin-
control capabilities over o wide range of inpui-
signal levels.
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FIELD MESH
IMAGE ORTHICONS

The reputation enjoyed by EEV*® 3" image
orthicons P-807 and P-809 for producing TV
piciures of high photographic quality is due in
no small measure to the incorporation in the
design of an elecirode which corrects the de-
celerating field on the scanned side of the target.
This electrode, in the form of a fine copper mesh,
ensures that the decelerating field is strictly linear
as disiinct from fhe somewhat curved field in
other versions of the tube, The mesh is necessarily
of very high uniform transmission since the scan-
ning beam passes through it twice, and any non-
uniformities impress themselves on the beam and
appear s spurious picture signals, Considerable
efforts have resulted in a mesh of extremely high
perfection,

" The function of this so called ‘field-mesh’, which
is located at a poini of least beam interference,
is to correct the approach of the scanning beam
to the target by ensuring more accurate alignment
of the electric ‘and magnetic fields,

In ‘this condition the mechanism of discharge
has increased efficiency because the beam ap-
praach and deflection return path is constant over
the whole scanned -area. Furthermore, the dis-
placement of the return beam from the forward
path is reduced, so limiting the amount of geom-
etrical distortion produced in the sca\nning seclion
of the tube. In addition the fleld mesh hides the
inevitable faint blemishes on the firsi multiplier
stage which otherwise would appear on fthe picture,
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GONE AWAY?

As o service to our readers we publish below
a- list of subscribers whose ‘‘Radiofronics” are
being returned "addressee unknown". These
readers have apparently
changes of address. Can anyone help please?

W. 8. PETTITT, Nth. Strathfield, N.S.W.
E. C. COMBS, Kaikorie. |

K. R. HILTON, Camberwell, Yic.

R. C. SMITH, Blackburn, Vic.

K. R. BROWNE, Bellerive, Tos.

The improved picture producing ability of the
tube was recognised very quickly when the image
orthicon was applied $o the problem of colour
television, and the success of the recent experi-
ments in England owe much to the field mesh
tube. However, the exacting registration require-
ments of the three tubes in a colour camera
indicated a need for even beiter geometry and
the tube was redesigned to incorporate the con-
veniional cylindrical electrode necessary to remove
the remaining slight amount of § distortion, so
considerably improving the geometry.

One further feature of the new series of tubes
is the re-shaping of the main electrostatic focusing
field in the scanning section, so that secondary
electrons from the mesh are prevented from
lowering the beam modulation and upseiting the
sharpness of the return beam. The tubes have
in consequence a lower dc output current, so
ensuring better freedom from dynode saturation,
and giving o signal current of greater purity and
much better resolution,

At present, two versions of the field mesh image
orthicon are available, the P-807, used for all
normal monochrome work, and the P-809, which
has found successful applications in  colour
camerdas. These fubes carry the provisional Jetec
registration numbers 7293 and 7294 respectively.

* With acknowledgements to English Electric Valve
Co. Lid:
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