~ Checking DC Parameters
of Transistors

By M. E. JONES
and
J. R. MacDONALD

The instrument described in this
article was designed to-facilitate a
study of parametergdistributions
involving relatively rge numbers
of germanium and silicon transis-
tors. It is simple to.operate and
provides accurate and reproducible
measurements of transistor dc
parameters such as collector-base
reverse breakdown voltage BVgo,
static short-circuit forward current
transfer ratio hyy, between col-
lector and base currents, collector-
base and collector-emitter reverse
saturation currents Icpo and Iggo,
and emitter-base floating potential
Vepp. ! Although these were the
parameters of most interest, it is
clear that minor modifications of
the apparatus will allow similar
quantities involving simple per-
mutations of electrodes, such as
BV, and Vur, to be measured.

Fig. 1 shows block diagrams of
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Test circuits for many transistor parameters have been combined
to produce a versatile, easily operated tester suitable
for large scale parameter distribution studies.

measuring circuits for each of the
above quantities; by appropriate
switching these circuits were com-
bined in a single unit. The main
elements used in the blocks are a
de VTVM, a constant-current sup-
ply, and a feedback amplifier.

Common VTVYM

The use of the same VTVM in
all six of these measuring circuits
is, of course, desirable but puts
very stringent requirements on this
instrument when high accuracy is
required. For example, in Fig. 1-a
it must indicate voltages between
about 1 and 300 volts and in Fig.
1-f voltages between 10-3 and 10 v.
It must not load either of these
circuits appreciably. For the re-
maining measurements, it is used
to indicate current, with a maxi-
mum voltage of 0.1 v. This low
value is required so that true short-
cireuit conditions are well approxi-
mated when necessary and the

voltage across the measuring re-

sistor is a negligible fraction of
the applied voltage.

These voltmeter requirements
were resolved through the use of
the Fluke Model 801 bridge-type
VTVM. The unknown voltage is
balanced against an accurate inter-
nal standard and the measured
value is read from the dials of
five calibrated switches; at balance
the input impedance is infinite.

The maximum reading is 500.00
v. and the minimum resolvable
reading is 0.00005 v. Thus, for the
above current measurements with
0.1 v. full scale, values within the
range of interest, 0.0999 to 0.0100
v., are indicated with three figure
accuracy. The use of 0.01 v. full-
scale rather than 0.1 v. allows the
measurement of currents a factor
of ten lower but with corresponding
loss in accuracy.

Block Diagrams

Before discussing the other ele-
ments of the block diagrams in
detail, several of these diagrams
themselves require comment. The
constant-current supply of Fig. 1-a
generates and holds accurately con-
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. Fig. 2: The constant current supply. The capacitors bridging the floating voltage supplies contribute to the speed of circuit response.

stant any of the three indicated
currents in the range of 0 to 300 v.

For collector-base breakdown
measurements, the value of 100 pa
reverse current has been arbitra-
rily set as that current at which
the breakdown voltage is to be
measured. This value is selected to
be large compared to ordinary
values of Iy yet small enough to
avoid appreciable transistor heat-
ing. For silicon transistors, with
Iogo values generally less than 0.1
pa, a constant current of 10 pa may
be employed but the BVgy value
obtained is usually very close to
that found using 100 pa.

Figure 1-b shows a method of
measuring hpp in which the base
current is held constant at 10 or
100 pa. The current-indicating
resistor values are so selected that
hprp may be read directly on the
VTVM. All current-indicating re-
sistors are adjusted to within 0.1
percent of their indicated values.
Table I shows the full-scale values
of hyp obtained with 0.1 v. across
the various resistors for the two

base-current conditions. By mea-
suring hgg for both base currents,
an indication of its dependence on
current is obtainable. Other values
of base current could, of course, be
used if desired.

Constant Current

It has become conventional also
to measure hgp with a constant
collector current, often specified as
5 ma. Figure 1-c shows how hp;™!
can be obtained for this operating
condition. When 5 ma. is flowing
in the collector circuit, —0.5 v. ap-
pears across the precision wire-
wound 100-ohm resistor. This
voltage is accurately balanced in
the direct-coupled feedback ampli-
fier against an internal stabilized
source of —0.5 v. The output of the
amplifier, which can supply 15 ma
or more of current, is thus con-
strained to furnish exactly the

emitter current which leads to 5
ma of collector current. The re-
sulting base current is then directly
read on the VI'VM with the full-
scale values of B2k shown in Table

I. These values may be then con-
verted to hyg readings.

Because of the limitation on
amplifier output current, a mini-
mum of about 0.3 is set on the
value of hyp measurable by this
method with 5 ma. collector cur-
rent. A transistor having this
small a value of hp; is virtually
useless, however, By changing the
amplifier internal reference voltage,
and/or the value of the 100-ohm
resistor, measurements may be
made with constant collector cur-
rents other than 5 ma.

It will be noted that in Fig. 1-d
and 1-e full-scale currents less than
the minimum value of 10% pa
shown in Table I may be read by
either measuring voltages in the
range of 0.0099 to 0.0010, by using
current-indicating resistors greater
than 10% ohms, or by both changes.
When measuring currents of 10-4
va or less by these methods, ac-
curacy is’ reduced and balance
becomes more time-consuming.

Finally, it should be pointed out
that the circuit of Fig. 1-f allows




Checking
Transistors (cont.)

the true floating potential ‘to be
measured since there is no VI'VM
loading at balance. Although the
circuits of Fig. 1 are arranged to
measure NPN transistors, only
superficial changes are required to
convert to PNP types.

Parameter Transformation

We have discussed two methods
of determining the static short-
circuit forward current transfer
ratio hpg=I/I3. Since I, contains
a contribution from Icp, the
latter’'s magnitude will affect the
value of hpp obtained. For many
purposes, however, it is desirable
to obtain the dynamic small-signal
forward transfer raffo, h,, which
includes no direct* contribution
from Icpp. In this section we shall
show how h,, can be obtained from
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Fig. 4: Feedback amplifier varies emitter current to maintain fixed collector current.

designated as « and is negative.
Now from (1) and (2) it follows
that

Io = (1 + hn)'(Icso — hnls). (3)
To simplify this result further we
may use the well-known relation

dc measurements of such quantities heo = ~hnp )
as ICR()’ ICEO! hFE’ IB! and Io. ¢ (1 4+ hp,)
For an NPN junction transistor g ptaining,
in its linear region, we may write
to a good order of approximation Io = (1 + he)loso + brels.  (5)

bre = Icro

(7)
oBO

Thus, h,, can be calculated from
measurements of only Icgpe and
Icgo- Since h,, may depend on I,
the value of h,, calculated from (7)
must be specified as that at the
collector current of (6).

Next, we need relations between
h,. and the measured hgg. Using
the definition of hpg, we may re-
write (b) as
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- Finally, if we open circuit the base
ro = Tomo o hols, %) lead so that In—0, (5) leads to hrzls = Ioso + bu(lceo + Ie) (5
Ige = — (Is + Io). (2) B ’ yielding .
It may be mentioned that the Iceo = (1 + hie)Iono (6) !
quantity h,, has been previously  and, bie = hrels — Icso (8
. Is + Iceo
. TABLE 1 Eq. (8) shows that hy,, & hgg
g ' only when Iz and I; are large
hre hyg~? with Ig = 5 ma. Toso compared with Icgo. When this
Resistor Full Scale Resistor Full Scale - Resistor Full Scale condition is not satisfied, knowledge
Value Reading Value Reading Value Reading of Iy and Icpo as well as hpg is
Ohms  Ip = 10 ua Ip = 100 pa Ohms Ohms (ua) required to calculate h,. For a
10 102 102 20 1 100 108 given Iy, such as that specified in
100 102 10 200 . 107 IK 108 i - which
1K 10 3 2K 101 10k 10 Flg. 1-b, the value of I; to ic
10K 1 10 20K 1073 100K 1 this hg, corresponds may be calcu-
M 10:: ]ﬂted from I(‘ pnd hl‘E IB'
oM Finally, it is sometimes advan-
tageous to eliminate I, in (5)
Fig. 3: One of the two floating voltage supplies obtaining
Ic = Icwo(l + hee) + hehitle, (57
H 2
WA "“m"o which leads to
Ic — Igno
470V == O &Y
v 4oma DYV - e =l ( Ic 4+ hrelcro ) '
60~ 86851
When lg and Iy are again large compared
. Lzopf Jaopt L0035 with Icpo, this equation shows that hie
22 ésma % 4sov 480V ‘°p°V “:5 v 2 hpg; otherwise, Ig, Icno, and hrg are
%817: " needed to ealeulate hy, for the value of o
' . at which measurements were carried out.
(Continued on page 82)
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ANOTHER EXAMPLE OF Li%Zeaman PIONEERING ...

The SAR LSESCOPE, model S-4-C, is JANized (Gov't Model No.
0S-4), the culmination of compactness, portability, and precision in a pulse
measuring instrument for radar, TV and all electronic work. An optional
delay of 0.65 microseconds assures entire observation of pulses. A pulse rise
time of 0.035 microseconds is ﬂrovxded thru the video amplifier whose sensi-
tivity is 0.5V p to p/inch. The response extends beyond 11 mec. A and S
sweeps cover a continuous range from 1.2 to 12,000 microseconds. A directly
calibrated -dial permits R sweep delay readings of 3 to 10,000 microseconds
in three ranges. In addition, R sweeps are continuously variable from 2.4 to
24 microseconds; further expanding tHe oscilloscope’s usefulness. Built-in
crystal markers of 10 or 50 microseconds make its time measuring capabilities
complete. The SAR PULSESCOPE can be supplied directly calibrated in
yards for radar type measurements. Operation from 50 to 400 cps at 115 volts
widens the field agg}ication of the unit. Countless other outstanding fea-
tures of the SAR LSESCOPE round out its distinguished performance.

WATERMAN PRODUCTS CO., INC.
© PHILADELPHIA 25, PA. -

CABLE ADDRESS: POKETSCOPE . MANUFACTURERS OF
PANELSCOPR®

$-4.C SAR PULSESCOPE®

$-5-C LAB PULSESCOPE®

$-11-A INDUSTRIAL POCKETSCOPE®
$-12-8 JANized RAKSCOPE®
$-12-C SYSTEMS RAKSCOPR®
5-14.A HIOH GAIN POCKETSCOPR®
$-14-8 WIDE BAND POCKITSCOPS”
$-14.C COMPUTER POCKETSCOPE®
$-15-A TWIN TUBE POCKETSCOPE®
RAYONIC® Cathede Ray Tubes

and Other Associated Equipment

WATERMAN PRODULTS

*T. M. REG.
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Checking Transistors
(Continued frpm page 58)

Constant Current Supply
The circuit of| this supply is
shown in Fig. 2. It is designed to
supply accurately [constant current
over an output voltage range of 0
to 300 v. Three qurrents, 10, 102,
and 102 pa are available but others
both within and orxtside this range
could be obtained |with only minor
modifications.
Two floating voltage supplies are
used in the comnstiant current sup-
ply. The circuit of one of them is
presented in Fig. 3. It i3 conven-
tional except that| both output ter-
minals are isolated from ground.
The 88-v. supply .is similar except
that only one 5681 stabilizer tube
is employed, together with larger
isolating resistors.

Circuit Operation

Operation of the circuit is as
follows. The external current to be
held constant flows also in the
series resistors adjacent switch S,.
The resulting voltage drop (near
175 v.) minus the bias necessary
for tube V,-B is balanced against
the highly stabilized output of the
175-v. floating supply. Any differ-
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Fig. 5: Results of current stability tests

ence is amplified by the cascode
amplifier V., passes through the
cathode follower V,-B and deter-
mines the bias voltage of the series
tube V,;-A. Phase relations are such
that the error voltage applied to
V,-A changes its series current in
{Continued on page 84)
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Type XXP Capacitors . .

ACTUAL
SIZE

ELECTROLYTIC CAPACITORS FOR
TRANSISTOR APPLICATIONS

Aerovox ap’b’l’i‘cption engingering,
always in step
wide choice of miniaturized electrolytic capacitors.

§

Type PR Special Capacitors . . . metal-cased, resin-sealed,
subminiature electrolytics offeriiig extremely low.dlectrical
leakage and excellent shelf-life characteristics. Avallable
in voltage ratings of 1 to 50 VDC, and standard aperating
temperature range of —20°C to 4-65°C. Other ratings,
temperature ranges and mechanical configurations available.

ith electronic trends, now offers a

Type PWE Capacitors . . . steatite-cased, miniature alumi-
num-foit electrolytics ‘offering high capacitance at low
voltages. Avallable for vertical mounting or with axial
leads as iliustrated, in standard voltages from 1 to 50 VOC
and standard operating temperatures of —20°C to +-50°C.
Exceedingly low leakage currents.

. metal-cased, compression-sealed,

subminfature electrolytics providing exceptional shelf-
{ife and extremely low electrical leakage characteristics.
Axiai-lead style as illustrated. Standard voltage ratings of
1 to 50 VOC and standard temperature range fram —20°C
to +4-65°C. Other ratings, temperature limits and designs
available.

For
Personal Radios

For product information, use inquiry card on page 113.

For Printed-Wiring For For
Assemblies Hearing-Aids Instruments

W "% For complete details on these and other
Aerovox components.

. NEW BEDFORD, MASS.

}
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(Continued from page 82)
such sense that the error is re-
duced by the feedback. The varia-
ble series resistors near S, are used
to adjust the externa] current {o ex-
actly the rated vidlue for each

g switch position. It |will be noted
* that either output tdrminal may be

grounded. The 0.1 puf capacitors
bridging the floating supplies con-
tribute to the speed| of response of
the circuit.

Amplifier

The cascode amplifier formed by
the two halves of V, differs from
a usual cascode circuit by the ad-
dition of the 560K resistor feeding
the plate of V,-B.:The additional
current supplied this resistor
greatly increases the g, of V,-B
which, in turn, increases the volt-
age gain of the circuit.? The gain
for a signal applied between grid
and cathode of V,-B and measured
at the plate of V,-A is 4000, an
order of magnitude larger than
that obtained without the 560K re-
sistor.

A measure of the success of the
circuit in holding a given output
current, I,;, constant is the relative
change in I, A I/, versus output
voltage. To make such measure-
ments, the output voltage was
changed by varying an accurately
known resistor across the output.
Fig. 5 shows the results obtained
for the three nominal current
ranges. These currents were ad-
justed to their correct values at
essentially zero output voltage.

It will be noted that for I, = 100
ua, the current has only deviated
from its zero-voltage value by 2.5
percent at 300 v. output. In measur-
ing BVgpo this current value will
be most used in the output voltage
range of 50 to 200 v. Since the de-
pendence of BV, on current
around 100 pa is small, deviations
of the current from its nominal
value of the order of one or two
percent are entirely negligible.

Line Variations

‘Although the relative current de-
viation for 10 pa nominal current
is seven percent at 100 v. output,
this current range will generally
be used in measuring hyg with out-
put voltages of only a volt or so,
where the deviation is negligible.

(Continued on page 86)
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stacking of cores

a Tight-sealed rigid core profection
<« free from case to coil capacitance
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Selection of suitable encasement will assure better
uniformity of magnetic Centricore properties.Review
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(Continued from page 84)

The dependence of A I/I, on line
voltage has also (been investigated.
For I, = 103 pa, A I/I, varied by
about two percent for line voltages
ranging from 105 to 130 v. RMS.
Slightly greatey variations were
observed with I,=100 pa, and 15
percent variation was observed
over the range from 110 to 120 v.
RMS for I,==10 pa. This increased
variation arises from the reduction
of g, of V,-A caused by reduced
heater voltage., When long-term
constancy of I, is required for this
range, the line voltage should be
stabilized.

Although the equivalent supply
voltage and internal resistance of
the constant current supply vary
with output voltage, their values
for I, = 100 pa in the neighbor-
hood of 10 v. output are 20,000 v.
and 200 megohms respectively. At
100 v. output, they have decreased
to 8700 v. and 87 megohms. These
figures show what large supply
voltages and series resistances
would be required to duplicate the
performace of this constant cur-
rent supply without the amplifica-
tion and negative feedback used.

Feedback Amplifier

The circuit of the feedback ampli-
fier is presented in Fig. 4. A volt-
age proportional to transistor col-
lector current is balanced in the
input differential amplifier tube
against a stabilized voltage set to
-0.5 v.: the error signal is then am-
plified and appears at the output,
which is connected to the emitter
of the transistor. Thus, no matter
what the hyy or hpg of the transis-
tor, the circuit supplies the neces-
sary emitter current (within the
operating range of the amplifier) to
produce 5 ma of collector current.

To ensure accurate balance be-
tween the input signal and the in-
ternal -0.5 v. signal, the input tube
is a 6SU 7. which ix clozely balanced.
Further, the 600K wire-wound plate
resistors for this tube are equal to
better than one percent. There ave
two uncommon features in the cir-
cuit of Fig. 4. One is the use of
diodes operating in their reverse
breakdown region as d¢ coupling
elements. In this region, a voltage
drop nearly independent of current
appears across them and their dif-

cContinned on page 89)
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(Continued from page 86)
ferential resistance is hence very
low. In the present case, each diode
drops approximately 100 v. The
use of these diodes increases the
gain of the amplifier by a factor of
almost two.

Positive Feedback

The other uncommon feature is
the use of direct-coupled positive
fe&dback introduced by means of
the 1.22 megohm resistor. Without
this resistor, the input-output volt-
age gain of the amplifier is about
1600. .-When the resistor was con-
nected and adjusted for maximum
gain at low frequencies, a value ex-
ceeding 6 x 10 was measured. Even
in the absence of output-input nega-
tive feedback such as that produced
by connecting the output and input
terminals together, the circuit was
stable with this high gain and no
oscillation could be produced with
any value of the positive feedback
resistor. Note that both sides of
this resistor are at very nearly the
same dc potential. The use of posi-
tive feedback to achieve a very
high gain is economical and leads
to an amplifier of high precision
since the extremely high gain re-
duces the offset voltage between the
input signal from the collector and
the internal stabilized voltage to a
negligible value and reduces the
output impedance of the circuit
when connected to a transistor to
a fraction of an ohm and may even
make the output impedance slightly
negatitve.

To ensure that adequate emitter
currents can be supplied, a high-
g, D687 miniature double triode
with sections paralleled is used as
the output tube. The positive and
negative supply voltages are de-
rived from the two floating supplies
of the constant-current circuit. For
the present purpose, no gas-tube
stabilization is used with these sup-
plies.

As a test of the amplifier, its in-
put and output were connected and
the internal standard voltage ad-
justed to make the output exactly
-0.500 v. as measured with the Fluke
VTVM. On changing the line volt-
age from 105 to 135 v., no more
than one mv change in this voltage
was noted. Next, with complete
feedback of output to input and

Continwed on page 90
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Type H-14A
Signal Generator

Type H-16
Standard Course Checker

Type H-12
UHF Signal Generator

Radio technicians and pilots trust ARC test
equipment to keep airborne instruments in tune
for precision navigation and communication.

The Type H-14A Signal Generator has two uses:
(1) It provides a sure and simple means to check
omnirange and localizer receivers in aircraft on the
field, by sending out a continuous test identifying
signal on hangar antenna. Tuncd to this signal, in-
dividual pilots or whole squadrons can test their own
equipment. The instrument permits voice transmis-
sion simultaneously with radio signal. (2) It is
widely used for making quantitive measurements on
the bench during receiver equipment maintenance.

The H-16 Standard Course Checker mcasurcs the
accuracy of the indicated omni course in ARC's
H-14A or other omni signal generator to better than
15 degree. It has a built-in method of checking its
own precision.

Type H-12 Signal Generator (900-2100 mc) is
equal to military TS-419/U, and provides a reliable
source of CW or pulsed rf. Internal circuits provide
control of width, rate and delay of internally-gener-
ated pulses. Complete specifications on request.

Dependable Airborne Electronic Equipment Since 1928

/]ircruft Radio Corporation

Omni/ILS Receivers .
Transmitters o

Course Directors .
LF Receivers and Loop Direction Finders e

BOONTON, NEW JERSEY

UHF ond VHF Receivers ond
10-Channel Isolation

Amplifiers ¢ 8-Watt Audio Amplifiers o Interphone Amplifiers ¢ Omnirange Signal
Generators and Standard Course Checkers ¢ 900-2100 Mc Signal Generators
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NEW, HIGH VOLTAGE §

POWER SUPPLY!

Ulira modern design

Heavy duty
Uses Selenium rectifiers

Continuous voltage adjustment
from 1,000 to 2,500 V in one range
—no switching

500 MA—I0 MV ripple

OLTRONIX CO.

5
Detailed informaﬁ,on
by return mail
on request

- OLTRONIX CO.

Manufacturers of standard and cus-
tom-built electronic instruments such
as:

* Power supplies for general lab-
oratory use down to .005%,
regulation

o DC amplifiers for Direct Inking
Recorders

e RC oscillators (also motor-
driven)

e Wind Tunnel and fatigue test-
ing equipment

235 Underwood Dr., Atlanta 5, Ga.
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Physicists
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MICROWAVE TUBES
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SYLVANIA'S
Microwave Tube
Laboratory

!

| Write Gordon McClure

i SYLVANIA ELECTRIC PRODUCTS INC.
! S00 Evelyn Avenue

i Mountain View, California

(Continued froém page 89)

-0.5 v. output, loading of the output
with resistances ¢onnected to
ground was investigated. It was
found that the output impedance
was slightly negative, causing the
magnitude of the putput voltage to
rise from a no-load value of 0.5000
v. to a maximum value of 0.5227 v.
with 29 ohms load|connected. Below
29 ohms load, the ivoltage was equal
to the load resigtance times the
constant current of 18.4 ma. flowing
in the cathode re‘J:istor of the out-
put tube. If a latger limiting cur-
rent were required, it could be ob-
tained by increasing the quiescent
current of the cathode-follower out-
put stage. Without positive feed-
back, the output voltage was found
to be essentially independent of load
until a load of 30 ohms was reached,
where the magnitude of the voltage
had dropped to 0.4996 v. The above
measurement together with opera-
tional tests employing transistors
showed that the amplifier performed
its function most satisfactorily.
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Police Forces to Try
"Line-ups" via TV

Using a microwave radio link for
closed-circuit telecasting of ‘‘line-
ups,” the police forces of Euclid,
Ohio, and Cleveland are giving a
two-month trial to such interchange
of information by TV with tempo-
rary authority granted by the FCC.

Frequencies granted on a devel-
opmental experimental basis are in
the area of 2090-2110 mec in the
studio-transmitter link and remote
TV pick-up band. Dage Electronics
equipment is being used, and at no
cost to either city for the trial.

3M's Gets into TV
Tape Recording Field

Minnesota Mining & Mfg. Co..
St. Paul, has entered the TV tape
recording field through the pur-
chase of the Electronic Engineer-
ing Div., Bing Crosby Enterprises,

Electronic Division-Dept. DT-1
701 HMINDRY AVE

Los Angeles, for a reported $1.000,-
000.

INGLEWOOD CALIFORNIA
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