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INTRODUCTION 

This material has been prepared primarily to 
acquaint the new user of the Tektronix Type 575 
Transistor Characteristic-Curve Tracer with 
the fundamental measurements of transistor 
para.meters and characteristics. It is intended 
to augment the Type 57 5 Instruction Manual. 

We will not attempt to relate the broad field 
of solid-state physics to transistor character­
istics , nor will we translate the characteristics 
to circuit design equations. This information is 
beyond the scope of this booklet and may be 
found in current publications. The Type 575 is 
intended for measuring the transistor charac­
teristics which exist well below alpha cut-off, 
commonly measured between DC and 1000 
cycles; hence we will not consider any high­
frequency measurements. 

We have chosen to give examples of measuring 
the four " hybrid" , or h, parameters from the 
characteristic curves , although the admittance, 
impedance or other parameters could be 
measured on the Type 575 as well. Further, 
we have given examples predominantly in 
common emitter configuration, although there 
are no restrictions so far as the Type 575 is 
concerned in making measurements using com­
mon base or common collector configurations 
with either PNP or NPN transistors. 

In most cases , a word description of the 
function being performed on the transistor will 
be used. A glossary of symbols is given in order 
co avoid confusion in the changing language of 
the transistor art. 

The visual display of a family of transistor 
characteristic curves using oscilloscopic tech­
niques employing synchronously stepped and 
swept voltage-current sources offers certain 
advantages over the OC point-by-point measure­
ment technique: 

(1) Small irregularities in the characteristics 
are visible which may escape observation 
by the point-by-point method. 

(2) The extremes in the variation of a para-

meter value may be observed without 
altering the operating conditions. 

(3) The changing magnitudes of two para­
meters may be observed simultaneously, 
as well as the dependence of one upon 
another. 

(4) The short duration and lower duty cycle 
of the peak sweeping voltages or currents 
applied to the transistor produce less ther­
mal rise than does the steady-state OC 
condition which occurs in point-by-point 
measurements. Inaccuracies due to ther­
mal gradients are thereby minimized. 

(5) For the same reason as noted in (4) , 
the maximum ratings of the transistor may 
be observed without exceeding the safe 
limit of its power dissipation; thus incipi­
ent junction-breakdowns are minimized. 

(6) Observation, comparison, or a permanent 
record by photographic techniques of the 
transistor characteristics may be made 
more rapidly than by the point-to-point 
plot , thus affording a savings in manpower 
and economy. 

(7) A resistive load line may be constructed 
in the family of characteristic curves so 
that dynamic performance data for the 
transistor may be forecast. 

Transistor characteristic curves may be found 
to deviate from the published" nominal" charac­
teristic curves considerably more than found 
even in vacuum tubes. The Type 57 5 contains 
certain built-in calibration checks whichassure 
the accuracy of the instrument. The theory of 
self-checking is explained in the section devoted 
to Functional Operation. Detailed checks and ad­
justment procedures are given in the Instruction 
Manual for the Type 57 5. 

The Type 57 5 user is encouraged to read the 
section devoted to the Functional Operation of 
the Type 575 to aid in developing measurements 
peculiar to his own individual design or testing 
problem. In this way, he may fully utilize the 
versatility of the instrument. 
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FUNCTIONAL OPERATION OF THE TYPE 575 

Two signals are developed in the Type 575 to 
be applied to the transistor. One is constant 
current or constant voltage seeps, and the other 
ls a variable amplitude half-sine wave. The two 
are synchronized so chat for the duration of 
one seep, or one-half step, there is one excur-
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sion of the half-sine voltage from zero (ground) 
to maximum and back co zero. 

We will first direct our attention to the Base 
Step Generator shown to the left on Figure 1. 
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Fig. 1. Type 575 Functional Block Diagram. 

The Base Step Generator produces from 4 to 
12 steps (STEPS /FAMILY) In selected amplitude 
increments of constant current or constant volt­
age (STEP SELECTOR). The duration of each 
step is either 1/120 or 1/240 ofa second (STEPS/ 
SEC). The steps may be made repetitive, to occur 
once, or made inoperative and held at zero 
step level (REPETITIVE-SINGLE FAMILY 
OFF). The steps may be made positiveornega­
tive in polarity (POLARITY) with the zero 
step value adjustable by a small amount posi­
tive or negative from ground (STEP ZERO) 
to start the stair-steps on the zero current or 
zero volts input curve. 

The output of the Base Step Generator is fed 
through a switch to the Base (B) terminal of 
the test fixture. The switch provides a means of 

2 

disconnecting the Base terminal from the Base 
Step Generator to either open or shore the ter­
minal to ground (ZERO CURRENT -ZERO 
VOL TS). When constant voltage steps are being 
generated by the Base Step Generator, selected 
values of series resistance may be inserted 
between the generator and the Base terminal 
(SERIES RESISTOR). The output impedance of 
the Base Step Generator when producing con -
stant voltage is one ohm, and when producing 
constant current the output impedance is, of 
course, very high. 

The Collector Sweep source of half-sine 
voltage is shown at the right of Figure l. 
The peak collector sweep voltage is variable in 
amplitude (PEAK VOLTS) from zero to 20 volts 
raced at 10 amps, or from zero to 200 volts 



rated at one amp (PEAK VOLTS RANGE). 
A fuse is provided to protect the collector 
supply from overload. The polarity of the half­
sine shaped voltage excursions may be made 
positive or negative from ground (POLARITY 
+ NPN-PNP). The duration of sweep from zero 
to maximwn and back to zero is always 1/120 
of a second. 

The collector supply, which has a source 
impedance of .25 ohms in the twenty-volt range 
or 15 ohms in the 200-volt range, may be fed 
directly to the collector terminal of the test 
fixture, or variable resistance values may be 
insened (DISSIPATION LIMITING RESISTORS). 
The collector supply ground return is direct to 
ground except when the Vertical display switch 
is in one of the COLLECTOR MA positions, 
at which time current measuring resistances 
are insened. The value of resistance is depend­
ent upon the position of the COLLECTOR MA 
switch and varies from .1 ohm in the 1000 Ma/ 
Division position to ~O K-ohms in the .01 Ma/ 
Division position. The specific value of resist­
ance on each position of the switch is given in 
tabular form on the chart on cop of the instru­
ment. Thus the collector load resistance (load 
line) is known at all times by summing the 
resistance inserted manually (DISSIPATION 
LIMITING RESISTOR), the supply source im­
pedance, and the collector current measuring 
resistance, determined as explained above. 

The third terminal of the transistor test fix­
ture marked " E" is ground. The transistor 
test board, which is not entirely shown in Figure 
1 , has a switch for transferring all connection 
from the left-hand terminals and socket to the 
right-hand terminals and socket with a neutral 
Off position. Another switch is provided to 
switch the sockets only from grounded base to 
grounded emitter. 

This completes the generator functions of the 
Type 575, and we will now discuss the display 
portion of Figure 1. 

The Horizontal display switch (HORIZONTAL­
VOLTS/DIV) may select any one of four inputs: 
(1) BASE CURRENT OR BASE SOURCE VOLTS, 
(2) BASE VOLTS, (3) COLLECTOR VOLTS, 
( 4) EXTERNAL. 

In the BASE VOLTS or COLLECTOR VOLTS 
positions, the amplifier is connected to either 
the Base terminal or Collector terminal of 
the test fixture, respectively. The amplifier 

gain is controlled so that each major division 
on the CRT graticule corresponds to the value 
indicated on the selector switch. 

1n the BASE CURRENT OR BASE SOURCE 
VOL TS position of the Horizontal display switch, 
the horizontal amplifier is connected to the Base 
Step Generator output. Under these conditions, 
each major division on the CRT graticule cor­
responds to the value indicated on the Base 
Step Generator-STEP SELECTOR switch. 

In the External position of the Horizontal 
display switch, the horizontal amplifier input 
is connected as a differential amplifier, to two 
coax jacks on the rear of the instrument. The 
scale factor for the CRT graticule on Ext. 
is fixed at 0.1 volts per major division , and the 
frequency response is 300 kc (3 db down). 

It will be noted in Figure 1 that the Vertical 
display switch and vertical amplifier function in 
the same way as the horizontal circuits just dis­
cussed, when the (1) BASE CURRENT OR BASE 
SOURCE VOLTS, (2) BASE VOLTS, and (3) 
EXTERNAL positions are selected. 

When the Vertical Amplifier is switched to 
COLLECTOR MA, however, it measures the 
voltage across the collector current measuring 
resistors. The venical amplifier gain is held 
constant and the size of the current measuring 
resistance is changed by the COLLECTOR MA 
switch so that each major vertical division on 
the CRT graticule is the value indicated on the 
COLLECTOR MA switch. 

Both the Horizontal and Vertical circuits have 
switches provided (AMPLIFIER ZERO CHECK­
CALIBRATE) which ground the input to remove 
any signal for the purpose of positioning the beam 
on the CRT graticule. The same switches provide 
a calibrating voltage for checkinghorizontaland 
vertical amplifier gain. 

It is worthy of note that the instrument pro­
vides many other ways of checking itself. For 
instance, one amplifier may be checked against 
the other by selecting a BASE VOL TS display 
on each amplifier and observing the angle of the 
diagonal row of dots. Either amplifier may check 
the Base Step Generator output voltage by se­
lecting the same scale factor on the amplifier 
as the VOLTS/STEP on the STEP SELECTOR 
switch , and so on. 
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DISPLAY AND OPERATING CONSIDERATIONS 

The polarities of the Base Steps and Collector 
Sweep signals are selected independently. The 
normal operating polarities for a transistor 
(reverse-biased collector and forward-biased 
emitter) are indicated on the front panel of the 
Type 57 S to serve as a reminder to a void 
possible damage to the transistor under test. 
The independent selection of base and collector 
signal polarities may be used to advantage. For 
instance, the emitter may be reverse-biased 
in order to measure the amount of current or 
voltage required to decrease the collector cur -
rent l b or 1 to a minimum value. c. o ceo 

Some precautions which may be exercised 
in making measurements on a transistor of un­
known limitations are: (1) Leave the TRAN­
SISTOR A - TRANSISTO,R B switch in the neutral 
(off) position when the initial signal amplitudes 
are selected and when the transistor is inserted, 
(2) In the initial selection of signals, start with 
small values of base steps and collector voltages 
with maximum sensitivity of the Horizontal and 
Vertical Display switches, (3) Use a minimum 
number of Base STEPS/FAMILY (four or five), 
(4) Insert a collector DISSIPATION LIMITING 
RESISTOR to limit· the collector current co a 
safe value. The collector current measuring 
resistances are in series with the collector only 
when the Vertical Display switch is in the 
COLLECTOR MA position as shown in Figure 1. 
In order to preclude excessive collector current 
and possible damage to the transistor, it is 
important to select an adequate value of DISSI­
p ATION LIMITING RESISTOR prior to switching 
the Vertical display switch from the COL­
LECTOR MA positions to any other position 
where collector current is not displayed. A 
chart, permanently attached to the top of the 
Type 575, provides a handy reference for 
choosing the DISSIPATION LIMITING RESISTOR 
for given values of collector-peak voltage and 
collector peak-power dissipation. 

If it is not known whether the transistor is 
NPN or PNP, the beam may be centered on the 
CRT graticule and alternate PNP and NPN 
polarities applied to the transistor. The signals 
may be increased in small increments until it 
becomes apparent which characteristics are 
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normal. As an added precautionary measure, 
the SINGLE FAMILY switch may be used in 
conjunction with the other precautions pre­
viously noted. 

When NPN transistor characteristics are dis­
played, the Horizontal and Vertical POSITION 
controls should normally be adjusted to place 
the beam in the lower -left corner of the grati -
cule. The family of characteristic curves appear 
in the first quadrant with posiLive values of 
currents and voltages increasing up and to t.he 
right. For PNP transistors, the Horizontal and 
Vertical POSITION controls are normally ad­
justed to place the beam in the upper-right hand 
corner of the graticule, and the family of char­
acteristic curves then appears in the third 
quadrant. Increasing values of negative currents 
and voltages thus appear down and to the left, 
in keeping with convention. 

The CALIBRATE position of the AMPLIFIER 
ZERO CHECK-CALIBRATE switch on the Hori­
zontaJ and Vertical amplifiers deflects the beam 
down 10 divisions for the Vertical Ampliner 
and left 10 divisions for the Horizontal Ampli­
fier. Thus, the beam position for the calibrate 
check should be in the upper-right-hand corner 
of the CRT graticule. 

The STEP ZERO control permits adjustment of 
the base seep gener-ator to start from actual 
zero current or actual ~ero volts, rather than 
from some residual value of current or voltage. 
ln this way, the absolute value of any base step is 
the product of the step number times the step 
incremental value indicated on the STEP SELEC­
TOR switch. Proper adjustment is achieved when 
the " zero" current step from the base step 
generator is moved from a slightly forward 
residual current condition to a position that just 
coincides with the trace position obtained with the 
ZEROCURRENT-ZERO VOLTS switch in the 
ZERO CURRENT position. When the base step 
generator is supplying constant voltage steps, 
the ZERO VOLTAGE switch position would be 
applicable in the same way. 

The faint traces which may appear between 
base steps and from the last step back to the 
zero seep occur during the short transition in -
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terval between the steps. The transition traces 
will always occur at one end or the other in 
the family of curves, depending upon the posi­
tion of the STEPS/SEC switch. Since they gen­
erally contribute nothing to the display and do 
not affect the calibration of the display in any 
way, a position of the STEPS/SEC switch is 
generally chosen to minimize their appearance. 
In some displays, the transition traces may serve 
a useful purpose, such as assisting in the con­
struction of a load line in the collector family 
of curves. 

A given parameter may be measured from one 
of several displays of the current and voltage 
relationships involved in the parameter. The 
display chosen depends upon the panicular para­
meter and the characteristics of the transistor 
under test. The display that should be used is, 
of course, the one which yields the most accur­
ate measurement or vivid display of that para­
meter. The user may sometimes prefer to 
measure other parameters that may be combined 
in a formula to produce a more accurate end 
result. A typical example is found in the relation -
ship betweenoe (Alpha), the common base for­
ward current transfer ratio and s (Beta), the 
common emitter forward current'transfer ratio. 
It can be seen from Figure 10 that the change in 
collector current for a given Change in emitter 
current is very close to one. In common emitter, 
the change in collector current is c_onsidei=ably 
more man the change in base current, as can be 
seen in• Figure 2. Since ..c and -s are related 
by oC = "¥$+-0 , we may find B to a greater 
degree of accuracy, as far as scaling is con -
cerned, and solve for oC . 

A word may be in order-regarding" small sig­
nal hybrid, or h, parameters". In small signal 
operation, linearity should exist over the opera-

ting range of the parameter and the value of the 
parameter should be independent of the signal 
amplitude. Ordinarily , the active region of a 
transistor without defects is quite uniform, and 
a cursory examination of the family of charac­
teristics will verify that linearity exists over the 
operating range of the parameter. The ver­
satility of the Type 57 S provides for making 
11 small signal" measurements as well as II large 
signal" measurements. In order to verify that 
the parameter value, or operating region, of the 
transistor is independent of the-signal amplitude, 
additional measurements of the parameter may 
be made adjacent to , or within, the intended 
operating region and the resulting values com­
pared. For instance, the base step values may 
be reduced and the number of steps increased 
to examine a smaller segment within the same 
operating region, etc. 

We have selected a primary and an alternate 
display for measuring each of the four " h" 
parameters. We may arbitrarily categorize the 
displays as illustrating Output Characteristics 
shown in Figures 2, 3, 4, and S, and Input 
Characteristics shown in Figures 6, 7 , 8, and 9. 
Two" h" parameters are measurable from each 
display , consequently the displays in Figures 
4, S, 8, and 9 are the same as Figures 2, 3, 
6, and 7 , respectively. 

The most commonly published and probably 
most useful families of curves are the Collector 
Family shown in common emitter configuration 
in Figure 2 , and Input Characteristic Curves 
shown in common emitter configuration in Figure 
6. A common base configuration for a Collector 
Family of characteristic curves is shown in 
Figure 10. 
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~1EASURING CI-IARACrrERISrrICS 

BASE to COLLECTOR CURRENT GAIN @. or 
COMMON EMITTER FORWARD CURRENT 
TRANSFER RATIO hfe· 

Tilis parameter is determined by measuring change in base current at a specified collector 
the change in collector current produced by a voltage. 

oC = 
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(vc. = -5 Volts) 
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Coll. Ma;: 1.0 Ma/Div. 

Horizontal: 
Coll. Volts-= 1.0 V /Div. 

Step Selector: 
Ma/Step=-.01 Ma/Step. 

Dissipation Limiting 
Resistor = 200 Ohms. 

Fig. 2. Collector family of curves, le vs Ve, (lb ), for PNP 
transistor in common emitter configuration. 
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DISPLAY 

Vertical: 
Coll. Ma =1.0 Ma/Div. 

Horizontal: 
Base Current=.0lMa/Div. 

Step Selector: 
Base Current=- .01 Ma/Step. 

Collector Volts: 
(See Note)=-5.0 Volts. 

Dissipation Limiting 
Resistor =200 Ohms. 

Fig. 3. Output characteristic curves, I c vs I b,(V c ), for 
PNP transistor in common emitter configuration. 

Note: Collector PEAK VOL TS adjusted to pro­
duce 5.0 Volts for the third and founh 
base step by switching Horizontal dis­
play to COLLECTOR VOL TS and reading 
value from graticule. 
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OUTPUT ADMITTANCE hoe 

The Output Admittance is determined by measur­
ing the change in collector current produced by a 

change in collector voltage at a specified value of 
base current. The result is expressed in mhos. 
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ALTERNATE DISPLAY FOR MEASURING h ----------------- oe 

For the purpose of illustrating the ti_ measure­
ment from the alternate display, a double 
exposure was made with all values constant 

except collector voltage which was increased 
from 4 to 6 volts for the second exposure. 
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First Exposure 

Venical: 
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Horizontal: 
Base Current=.01 Ma/Div. 

Step Selector: 
Base Current=- .01 Ma/Step. 

Collector Volts: 
(See Note)=-4 Volts. 

Dissipation Limiting 
Resistor::a200 Ohms. 

Second Exposure 

Collector Volts increased 
to -6 Volts. 

Fig. 5. Output characteristic curves, le vs lb with Ve= 4 
volts and Ve ~ 6 volts, for PNP transistor in common emit­
ter configuration. 

Note: 
Collector PEAK VOLTS adjusted to pro­
duce 4 Volts and then 6 Volts for the 

fourth base step by switching Horizontal 
display to COLLECTOR VOL TS and 
reading value from graticule. 
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The Input Impedance is determined by measur­
ing the change in base voltage resulting from a 
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change in base current at a specified collector 
voltage. 

800 ohms 
(Ye.= -svolts) 

DISPLAY 

Vertical: 
Base Volts =.02 V/Div. 

Horizontal: 
Coll. VoJts:l.Q V /Div. 

Step Selector: 
Base Current=-.01 Ma/Step, 

Dissipation Limiting 
Resisror=200 Ohms. 

Vertical Position: 
(See Note) Up 2 Div. 

Fig. 6. Input characteristic curves, Vb vs Ve, (lb), for 
PNP transistor in common emitter configuration. 

Note: After establishing the display in the 
normal manner, the presentation was re­
positioned upward exactly two major 
divisions using one of the base steps as a 
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reference. This was done in order to use 
the highest base voles sensitivity while 
maintaining the most useful portion of the 
curves on the graticule. 
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Fig. 7. Input characteristic curves, Vi:, vs Ib,(Vc ), for 
PNP transistor in common emitter configuration. 

Note 1: Collector PEAK VOLTS adjusted topro­
duce 5.0 Volts for the fifthandsixthbase 
step by switching Horizontal display to 
COLLECTOR VOL TS and reading value 
from graticule. 

Note 2: After establishing the display in the nor-

mal manner, the presentation was repo­
sitioned upward exactly two major divi­
sions using one of the base steps as a 
reference. This was done in order to use 
the highest base volts sensitivity while 
maintaining the most useful portion of the 
curves on the graticule. 
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REVERSE VOLTAGE AMPLIFICATION FACTOR h .;__--------------------re 

The Reverse Voltage Amplification Factor is 
determined by measuring the change in base 
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voltage which accompanies a change in collector 
voltage at a specified base current. 

DISPLAY 

Vertical: 
Base Volts=.02 V /Div. 

Horizontal: 
Coll. Volts=l.0 V /Div. 

Step Selector: 
Base Current=-.01 Ma/Step. 

Dissipation Limiting 
Resistor=-200 Ohms. 

Vertical Position: 
(See Note)=Up 2 Div. 

Fig. 8. Input characteristic curves, Vb vs V c, (I b ), for 
PNP transistor in common emitter configuration. 

Note: After establishing the display in the nor­
mal manner, the presentation was repo­
sitioned upward exactly two major divi­
sions using one of the base steps as a 

12 

reference. This was done in order to use 
the highest base volts sensitivity while 
maintaining the most useful portion of the 
curves on che graticule. 
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AL TERNA TE OISPLA Y FOR MEASURING h re 

For the purpose of illustrating the h,.emeasure­
ment from the alternate display, a double expo-

·•••••••••• 
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sure was made with all values constant except 
collector voltage which was increased from 3 
to 7 Volts for the second exposure. 

DISPLAY 

First Exposure 

Vertical: 
Base Volts=.02 V /Div. 

Horizontal: 
Base Current=.01 Ma/Div. 

Step Selector: 
Base Current"" -.01 Ma/Div. 

Collector Volts: 
(See Note l)=-3 Volts. 

Dissipation Limiting 
Resistor-=0 Ohms . 

Vertical Position: 
(See Note 2)=Up 2 Div. 

Second Exposure 

Collector Volts increased 
to -7 Volts. 

Fig. 9. Input characteristic curves, Vb vs lb with Ve = 3 
volts and V c = 7 volts, for PNP transistor in common emit­
ter configuration. 

Note 1: Collector PEAK VOLTS adjusted to 
produce 3.0 Volts and then 7 volts for 
the fifth base step by switching Hori­
zontal display to COLLECTOR VOLTS 
and reading value from the graticule. 

Note 2: After establishing the display in the 

normal manner, the presentation was 
repositioned upward exactly two major 
divisions using one of the base steps 
as a reference. This was done in order 
to use the highest base volts sensiti­
vity while maintaining the most useful 
portion of the curves on the graticule. 

13 
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COl\fMON BASE CONFIGURATION 

The parameters for the common base or com­
mon collector configurations may be handled in 
the same manner as Just illustrated for common 
emitter configuration. From observation of the 
collector family of output characteristics in 
common base configuration, as illustrated in 
Figure 10 , it is clear that hfb or ..c. which equals 
.6Ic. /Ale and h0 bwhich equals A i c / A Vc are 
difficult to scale from the graticule. This is quite 
normal, and it may be anticipated that varia­
tions between transistors will not appear as 
vividly as they would in common emitter opera­
tion. 

-~---:... ___ _.., --------~·' !111111111•1.1 
----······ •••-1111••••• --,, ••••••• . •••-••••- , -•- ••••-··· ---•-

LOLU{. TOR \'OL Th \ 
C 

The set of curves in Figure 10, by themselves , 
are principally informative in the "saturation 
region" , which appears to the right of zero 
collector volts. It will be recalled that in common 
base configuration , unlike the common emitter 
configuration, the polarity of the emitter is 
opposite in sign to that of the collector. The 
apparent forward biasing of the collector in the 
"saturation region" results from emitter cur­
rent and hence appears opposite in polarity to 
the applied collector voltage. lts magnitude may 
approach the magnitude of the emitter voltage; 
however, it can never exceed it. 

DISPLAY 

Vertical: 
Coll. Ma=.01 Ma/Div. 

Horizontal: 
Coll. Volts=.2 V /Div. 

Base Selector: 
Base Current;+ .02 Ma/ 
Step (Applied to Emitter). 

Dissipation Limiting 
Resistor;0 Ohms, 

Fig. 10. Collector family of curves, le vs Vc,(Ie ), for 
PNP transistor in common base configuration. 
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When it is desired to include the saturation 
region on the graticule scale, the display may 
be repositioned one or more major divisions 
with the Horizontal POSITION control without 
degrading the incremental scale calibrations. 
The AMPLIFIER ZERO CHECK switch may be 
used to establish a zero reference. An expanded 
display of the saturation region may be chosen 
by changing the Horizontal COLLECTOR VOLTS. 

In common base configuration, when the hori­
zontal or vertical display switch is changed 

from the COLLECTOR positions to the BASE 
positions to show the emitter characteristics, 
the curves progress from the edge of the grati­
cule to some point off the screen. This is a 
result of collector and emitter biasing polari­
ties as mentioned before. The display will 
appear in the correct perspective by reposi­
tioning the trace to the opposite edge of the 
graticule. Repositioning the display may be 
accomplished as mentioned before by using 
the appropriate POSITION control in conjunc­
tion with the appropriate AMPLIFIER ZERO 
CHECK switch. 

15 



COLLECTOR CUTOFF 

The collector current which flows with zero 
emitter current (common base) lco0 or with zero 
base current (common emitter) Ice0 may be 
measured directly from the collector family of 
curves. The STEP ZERO adjustment should be 
accurately set, or the ZERO CURRENT-ZERO 
VOLTS switch may be held in the ZERO CUR­
RENT position. This will open the element of the 
transistor that is connected to the Base terminal 
of the test fixtures to assure zero-current 
conditions. Typical measurements are shown 
in Figure 11 and Figure 12. 

Small values of lcb0 or Iceo, such as encoun­
tered in typical silicon transistors, may become 
difficult to measure on even the most sensitive 
COLLECTOR MA range. The section devoted to 
Modifications for Special Applications describes 
a circuit modification in the Type 57 5 to obtain 
one microamp per division on the COLLECTOR 
MA display; however, a simpler method may be 
employed quite successfully by using an exter­
nal resistor in the" common" lead of the transis­
tor and measuring the voltage drop across the 
resistor with the Vertical BASE VOLTS display. 
The input terminal of the transistor is not 
connected, but remains open to obtain zero input 
current. Depending upon conditions, it is possi­
ble to measure collector currents in the order 
of one-hundredth of a microamp. The method 
is described as follows: 

Referring to Figure 1, it can be seen that with 
the ZERO CURRENT-ZERO VOLTS switchin 
the ZERO CURR ENT position, the Base terminal 
is disconnected from the Base Generator; how­
ever, the Venical Amplifier remains connected 
to the terminal when it is in the BASE VOLTS 
positions. With an external resistance between 
the Base terminal of the test fixture and the E 
(ground) terminal, we may measure the voltage 
across the resistance which, of course, is 
directly related to the current through it. For 
measuring lc.bo, the transistor is connected 
with the collector to the C terminal, the base 
connected to the Base terminal, and the emitter 
is not connected. For measuring lceo, the base 
and emitter leads of the transistor are merely 
interposed. 

Using a 100 K ohms resistance produces the 
following vertical scale factors on the graticule: 

16 

Vertical Base Volts Vertical Scale Factor 

. 01 Volts/Div. .1 µamp(Div . 

.02 II II .2 II II 

.05 II II .5 II II 

.1 II II 1.0 II It 

.2 It It 2.0 II It 

.5 II It 5.0 II II 

The resistor should be non-inductive (1/2 
watt or l watt) and have a value of at least one 
percent tolerance to be compatible with the 
accuracy of the rest of the system. The tran­
sistor and resistor lead lengths should be kept 
short to avoid hum pickup in the external circuit, 
which would cause large" loops". Hum pick-up 
from stray magnetic fields can be minimizedby 
using a grounded metal enclosure around the 
transistor, test terminals and resistor. The 
internal capacities of the transistor may also 
limit the minimum current-measuring capability 
by causing an intolerably large hysteresis loop 
in the current display. Where it is desirable to 
ignore the transistor internal capacity, the 
steady state de value of the collector current may 
be considered to exist at the center of the hyster­
esis loop in the collector current display. This 
may be verified by decreasing the collector 
PEAK VOLTS until only the peakofthecollector 
sweep occurs at the point in question. 

Leakage current between transistor terminals 
in the external circuit or test board should be 
avoided since this would contribute an error 
to the actual leakage of the transistor itself. 

It is advisable to check the Venical Amplifier 
de balance to preclude ambiguity when switching 
between BASE VOLTS ranges. Any shift maybe 
eliminated by holding the AMPLIFIER ZERO 
CHECK switch up and adjusting DC BAL for 
minimum vertical movement of the trace as the 
Vertical BASE VOL TS switch is rotated through 
its six positions. 

A typical display using this measuring tech­
nique is shown in Figure 13. A simplified 
schematic of the system is shown in Figure 14. 

The reader may recognize from examination 
of the Type 575 System Functional Block Dia­
gram, Figure 1, that it is possible to connect 
the Base SERIES RESISTORS between emitter 
and base by placing the STEP SELECTOR in 



the BASE VOLTS position. Zero input current 
or voltage from the Base Generator can be 
obtained by placing the REPETITIVE-OFF­
SINGLE FAMILY switch in the OFF position 
providing the STEP ZERO control has been 
properly adjusted. This feature may be used to 
advantage in exploring the collector current that 
exists with various values of base to emitter 
resistance. It may also serve the purpose of the 
external resistor used for measuring low values 

of Icboand Iceo. Limitations are imposed by 
the values indicated on the Base SERIES RE­
SISTORS and their tolerance, which is 5 percent. 
As mentioned before, whenever the REPETI­
TIVE-OFF -SINGLE FAMILY switch is used in 
the OFF position to obtain the zero current or 
zero voltage display, it is important that the 
STEP ZERO control be properly adjusted to 
assure zero input to the transistor from the 
Base Generator. 

17 
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DISPLAY 

Vertical: 
Coll. Ma=.05 Ma/Div. 

Horizontal: 
Coll. Volts=l.0 V /Div. 

Base Step=0 Current 
(Open Base). 

Iceo = .25 Ma 
(Ve=- -5 Volts). 

Fig. 11. le vs V c, (lb= o, Emitter Open) curve for PNP 
transistor in common base configuration. 
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DISPLAY 

Vertical: 
Coll. Ma::: .01 Ma/Div. 

Horizontal: 
Coll. Volts= 1.0 V /Div. 

Base Step = 0 Current 
(Open Emitter) . 

lc1,;= .004 ma. 
( '(,= -5 Volts). 

Fig. 12. le vs V c, (le = 0 Emitter open) curve for PNP 
transistor in common base configuration. 
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DISPLAY 

Vertical: 
Base Volts= .02 V /Div. 
(across external 100 K 
resistor - see text) . 

Horizontal: 
Coll. Volts = 1.0 V /Div. 

Base Step - 0 Current 
(Open Emitter). 

Icbo-::: .9+ microamp 
(Ve= -5 Volts). 

Fig. 13 . Ic vs Ve, Ue : 0 , Emitter open) curve for PNP 
transistor in common base configuration. 

Z. E R.O 
CUR.RENT 

FROM 
5TEP---O 
AMP. j_ 

Z.ER.O 
VOLTS 

------ ----7 

IOOK. EXTERNAL 
1% RE $15T0R 

I 

TR.AN515T0R : 
TEST PANEL I __________ .J 

COLLECTOR VOLTS 

-· , COLL EC.TOR 
SWEEP 

BASE. VOLTS 

Fig. 14. System for measuring low values of IcbJlr Ic. 0 • 

HORIZONTAL 
AMPLIFIER 

VER.TIC.AL 
AMPLIFIER 
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COLLECTOR BREAKDO\tVN V()LTAGES 

As the voltage is increased on a reverse biased 
collector of a transistor, a point will be reached 
where the collector current increases rapidly 
and may become essentially independent of the 
collector voltage. We will show several meas­
urements of the breakdown characteristics, but 
will not attempt to differentiate between the 
phenomena referred to as avalanche, puncb­
through, zener breakdown., or carrier multi­
plication, since they are largely dependent upon 
the configuration, type, and geometry of the 
transistor. 

Figures 15, 16, and 17 show the breakdown 
characteristics for the same transistor under 
various operating conditions. It will be noted 
that the breakdown voltage varies depending upon 
how the transistor base and emitter are con­
nected and what their source impedance is. 

In each of the measurements, a value of col-

COLLECTOR VOL TS Ve 

lector DISSIPATION LIMITING RESISTOR was 
inserted to " catch" the collector current and 
prevent excessive thermal rise and possible 
damage to the transistor. 

Under certain conditions, some transistors 
will exhibit a negative resistance characteristic 
in the breakdown region as occurred in Figure 
16. In this particular case, oscillation is present 
in the upper portion of the negative resistance 
region. In some transistors, oscillation may 
occur in some other region of the character -
iscic curve and may be recognized by the faint 
and ragged, or erratic, behavior of the trace 
on the display. Point contact transistors are 
especially susceptible to oscillation under cer­
tain operating conditions and particularly in 
common emitter configuration, since Alpha is 
commonly greater than one, and they are in­
herently short-circuit unstable. 

DISPLAY 

Vertical: 
Coll. Ma= 0.2 Ma/Div. 

Horizontal: 
Coll. Volts= 5 V /Div. 

Step Selector: 
Base Current=+ .01 Ma/Step. 

Collector Peak Volts 
Range=0 - 200 Volts. 

Dissipation Limiting 
Resistor =5 K Ohms. 

Fig. 15. Collector Breakdown characteristic curves, le. vs 
Ve, (lb ) for NPN transistor 1n common emitter configura­
tion. 
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DISPLAY 

Vertical: 
Coll. Ma= .2 Ma/Div. 

Horizontal: 
Coll. Volts= 10 V /Div. 

Base and Ernitter=0 Volts 
(Ground). 

Collector Peak Volts 
Range= 0 - 200 Volts. 

Dissipation Limiting 
Resistor = S K Ohms . 

Fig. 16. Collector breakdown characteristics, I, vs Ve, (le 
and I b = 0 volts), of NPN transistor with Emitter and base 
grounded. 

Note: In the collector current region above 1.6 
Ma the trace which cannot be seen in the photo­
graph becomes barely visible due to oscillation. 
Damage could occur to the transistor if this 

. 20 r----r--r-r---,---+-.---.---.-~~ 

.18 t---+---+---t-+---+---+--lf--+--+---l 

./6 -----1---+----ll---+---+---J---I 

.14 ------11---1---.--11----l---l---J---I 

. I Z 1---+---1---+-+---'~-l----l-

~ COLLECTOR VOL TS V 
~ 

high current escaped observation and were 
allowed to exist too long. The Collector DIS­
SIPATION LIMITING RESISTORS should always 
be inserted as one protective measure. 

DISPLAY 

Vertical: 
Coll. Ma= .02 Ma/Div. 

Horizontal: 
Coll. Volts = 10.0 V /Div. 

Seep Selector: 
Base Current= -.02 Ma/Step. 
(Applied to Emitter) 

Collector Peak Volts 
Range= 0 - 200 Volts. 

Dissipation Limiting 
Resistor= S K Ohms . 

Fig. 17. Collector breakdown conditions, I c vs V c., (le ), of 
NPN transistor in common base configuration. 
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MISCELLANEOUS DISPLAYS 

COLLECTOR CAPACITY 

The effect of collector capacity may become 
quite pronounced in some transistors. The loop 
resulting from the collector-to-base capacity 
causes a displacement current to add and sub­
tract from the base current of the transistor. 
The effect is most pronounced in common 
emitter configuration with low base drive, high 
collector voltage, and the greatest expansion of 
the vertical COLLECTOR MA display. The 
capacity effect is more pronounced at the knee of 
the curve in the collector family because of the 
sudden change in collector current in the transis­
tor. At the same time, the rate of change of the 
collector half-sine shape sweep voltage is maxi­
mum; that is, near the beginning and end of the 
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cycle when a high value of collector peak voltage 
is used. As explained in a preceding section, 
the equivalent steady state de value of collector 
current may be established by decreasing the 
collector PEAK VOL TS until only the peak of 
the collector sweep occurs at the point in 
question. The approximate magnitude of the 
capacity may be measured by adding a capacitor 
of 10 to 1000 micromicrofarads between the 
base and collector terminals. The transistor 
capacity is approximately equal to the capacity 
of the external capacitor when the vertical 
size of the loop is doubled. A comparison of 
Figure 18 and Figure 19 illustrates the effects 
of the collector to base capacitance. 

DISPLAY 

Vertical: 
Coll. Ma= .2 Ma/Div. 

Horizontal: 
Coll. Volts= .5 V /Div. 

Base Step= -.01 Ma/Step. 

Note: Collector capacity 
appears as loops in the 
collector current display. 

Fig. 18. Collectorfamilyofcurves,Ic vs Vc,(Ib ), for PNP 
power transistor in common emitter configuration. 
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DISPLAY 

Vertical: 
Coll. Ma= .2 Ma/Div. 

Horizontal: 
Coll. Volts = .5 V /Div. 

Base Step= - .01 Ma/Step. 

Note: External560 µµfcapa­
citor added between Base and 
Collector. 

Fig. 19. Collector family of curves, le vs Ve, (lb ), for PNP 
power transistor with 560µµf additional capacitance be­
tween base and collector in the common emitter configura­
tion. 
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SATURATION VOLT AGE AND SATURATION RESISTANCE 

The collector voltage between zero and the 
11 active region" , or the point at which the 
collector current becomes essentially indepen­
dent of the collector voltage is commonly re­
ferred to as the " saturation voltage" . The 
ratio of this "saturation voltage 11 to the col­
lector current at which it is measured is usually 
called the collector 11 saturation resistance" . 
The input current and/or collector current 
should be specified to define the point at which 

.3 volts 

COLI.EC' l OJl VOL n, \ ,. 

the collector " saturation voltage" is measured. 
For collector "saturation resistance" the input 
current and collector current, or voltage, is 
generally specified. Large or small values of 
"saturation voltage" may be measured easily 
on the Type 575 by selecting the appropriate 
scale factor for the horizontal COLLECTOR 
VOL TS. A typical display is shown in Figure 
20. The onset of saturation may be considered 
to occur at the knee of the curves. 

+ . 45 ohms 

DISPLAY 

Vertical: 
Coll. Ma =100 Ma/Div. 

Horizontal: 
Coll. Volts: .1 V /Div. 

Step Selector: 
Ma/Step= -2 Ma/Step. 

Fig. 20. Collector family of curves, le vs Ve, (11:,) in the 
collector saturation regionfor a PNP transistor in the com­
mon emitter configuration. 
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DIODE CHARACTERISTICS 

Forward conduction or reverse voltage break­
down of a diode may be displayed on the Type 575 
by the simple expedient of using the collector 
sweep supply as a voltage source. Thegraticule 
will present the E-1 plot when COLLECTOR MA 
is selected on the Vertical display and COLLEC­
TOR VOLTS is selected on the horizontal display. 
Collector DISSIPATION LIMITING RESISTORS 

. •••••••"•• . ••••••• II•• , ••••••• II•• ••••••• II•• ••••••• II•• •••••••,••• ••••••• '• •-••••• ••- ~ ••• .,, 
- COLL ECTOR VOL TS (+ l 

should be inserted to preclude excessive current 
through the diode. Appropriate selection of the 
positive or negative collector sweep voltage 
makes it unnecessary to remove and re-insert 
the diode when comparing forward and reverse 
currents. The collector sweepvoltageislimited 
to 200 volts peak. Zener diode characteristics 
are shown in Figure 21 and Figure 22 . 

DISPLAY 

Vertical: 
Coll. Ma= .02 Ma/Div. 

Horizontal: 
Coll. Volts= .1 V /Div. 

Dissipation Limiting 
Resistor= 500 Ohms. 

Diode Connections: 

Cathode = E (ground). 
Plate =C (Collector). 

Fig. 21. Zener diode forward conduction characteristic. 
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DISPLAY -~ii-•••••• Vertical: 
(' . • rl•••••••• Coll. Ma= .02 Ma/Div. 0 
I 
I. . • '••••••••• I Horizontal: 
c· .•••••••••• Coll. Volts= 1.0 V /Div. r 
0 •••••••••• R 

Dissipation Limiting 
M •••••••••• Resistor= 500 Ohms. 
A 

I •) .•••••••••• 
l . •••••••••• Diode Connections: 

······- Cathode =E (ground). 

•••- • Plate =C (Collector). 

- ('()I I ECTOR VOi lS (·l 

Fig. 22. Zener diode reverse breakdown characteristic. 
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DOUBLE-BASE JUNCTION DIODE CHARACTERISTICS 

Toe emitter characteristics of the double­
base junction diode may he displayed on the 
Type 575 by connecting the emitter to the 
Collector (C) terminal , Base-two to the Base 
(B) terminal, and Base-one to ground terminal 
(E). The emitter current for zero Base Current 
input is established by the Collector Peak Volts 
and appears as the first vertical trace in the 
display. As the constant current base steps are 
increased, sufficient Base-two to Base-onebias 
is developed to produce a family of emitter 
characteristics, as shown in Figure 23. By 

, •• 1111•••••• . ,•• 1111•••••• •• 111111••••• , •• 11111~1••··· •• 11111 •••••• •• tllllllll•••• •• 'llllll• •• 1111•• ~ • lfjlll••• : ~-····-
~ COLLF,C10R VOi.TS (EMITl'ER) 

selecting BASE VOLTS on the Horizontal dis­
play, the input bias voltage for each curve may 
be determined. The negative resistance charac­
teristics of the emitter appear on the second, 
third, and fourth Base steps in Figure 23. The 
interbase family of characteristic curves shown 
in Figure 24 is obtained by connectingBase-two 
of the transistor to the Collector (C) terminal, 
the emitter to the Base (B) terminal, and Base­
one to ground terminal (E). The graticule scale 
factors and the magnitude of the input current 
are given with each illustration. 

DISPLAY 

Vertical: 
Coll. Ma= .OS Ma/Div. 
(Emitter Current). 

Horizontal: 
Coll. Volts =.5 V /Div. 
(Emitter Voltage). 

Base Step=+. 2 Ma/Step 
(Applied to Base-two). 

Dissipation Limiting 
Resistor= 5 K Ohms. 

Polarity=(+) NPN. 

Fig. 23. Double-base junction diode emitter characteri stic. 
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~ COLLECTOR VOL TS (BASE-TWO) 

DISPLAY 

Vertical: 
Coll. Ma= 2 Ma/Div. 
(Base-two Current). 

Horizontal: 
Coll. Volts =-2 V /Div. 
(Base-two Voltage) . 

Base Step:::::+10 Ma/Step 
(Applied to Emitter). 

Dissipation Limiting 
Resistor = 100 Ohms. 

Polarity= (+) NPN. 

F ig. 24. Double-base junction diode interbase characteris­
tic. 



MODIFICATIONS FOR SPECIAL APPLICATIONS 

VERTICAL SCALE INCREASED BY A FACTOR 
OF TWO 

It is possible to decrease the sensitivity of 
the vertical amplifier by one-half so that the 
value of each VERTICAL CURRENT OR VOLT­
AGE position is multiplied by a iactor of two. 
For instance , the 1000 MA/DIV position of the 
COLLECTOR MA display is increased from 1 
amp/division to 2 amp/division. This may be 
particularly useful for measuringcollectorcur­
rent values between 10 and 20 amps. Toaccom­
plisb this change it is only necessary to change 
the value of R429 from 11.48 K ohms to 32.31 
K ohms. The one-percent resistor is locatedon 
the top of the Vertical display switch SW405C. 
The collector supply is capable of delivering 20 
amps for short periods of time at low collector 
voltages. The collector supply power limitation 
is protected by a one-amp fuse in the primary 
circuit of the supply. The fuse is located on the 
front panel of the Type 57 5 with the COLLECTOR 
SWEEP controls. 

VERTICAL SCALE DECREASED BY AF ACTOR 
OF ONE-TENTH 

The sensitivity of the vertical amplifier may 
be increased by a factor of ten so that the 
value of each VERTICAL CURRENT OR VOLT­
AGE position is divided by 1/10. In measuring 
small values of collector current, for instance, 
the vertical scale factor is changed from .01 
ma/division co .001 ma/division. The change 
may be accomplished by shorting out R429 , 
a one-percent , 11.48 K ohms resistor located 
on cop of the Vertical display switch SW405C. 
The lead length should be held to a minimum 
co avoid hum pick-up. An alternate method 
of measuring small values of collector current 
is given in an earlier section devoted to measur­
ing collector cutoff current. 

SINGLE TRACE DISPLAY 

Through the proper selection of the BASE 

STEP ~ELECTOR, STEPS/FAMILY, POLARITY 
and STEP ZERO controls on the Type 575, one 
of a family of base steps can be made to coin­
cide with a predetermined value of input current 
or voltage, as long as it is within the maximum 
ratings of the base generator. However, if it 
is required that only one value ~f input current 
or voltage be selected for single trace display, 
it can be accomplished by substituting a fixed 
voltage to the step amplifier in place of the 
staircase steps from the step generator. The 
Step Generator, as we have used the term in 
prececling discussions , actually consists of a 
Step Generator followed by a Step Amplifier. 
Referring to the Step Generator schematic 
in the lnstruction Manual for the Type 575, the 
fixed voltage should be applied to the 1 K 
resistor R175 which connects to grid pin 2 of 
V 163 (6AN8) after removing the connection of 
Rl75 from the junction of Rl74 (1.2 Meg) 
and B174. The fixed de voltage can be derived 
from a divider network and potentiometer co 
obtain a range of from -20 volts to + 170 volts, 
which corresponds approximately to the zero 
step and the 12th step of the step generator. 
The division of current or voltage by the STEP 
SELECTOR switch is still effective since it is 
in the output of the step amplifier. The cali­
bration of the single trace output current or 
voltage may be obtained by displaying the tran­
sistor characteristics in the normal manner and 
then substituting the fixed voltage to duplicate 
the trace desired. A more sophisticated circuit 
may be devised using precision resistors for 
fixed voltage taps which, when once calibrated, 
will not require further adjustment. The regu­
lated voltages within the Type 575 may be used 
as a source for the divider arrangement as long 
as precautions are taken against drawing more 
than several milliamps current in the divider. It 
should be remembered that theaveragetransis­
tor current could be higher for single trace 
display than for the family of curves. The 
increased power dissipation of the transistor 
could cause shifting of the curve as a result 
of heating. 
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DEFINITIONS OF SYMBOLS 

1cbo 

1ceo 

f3 

hfe 

hoe 

Collector current when collector junc­
tion is reverse-biased and zero current 
flows in the emitter or it is open circuit. 

Collector current when collector junc­
tion is reverse-biased and zero current 
flows in the base or it is open circuit. 

DC or low-frequency forward-current 
gain or forward-current transfer ratio 
in common base configuration. 

DC or low-frequency forward-current 
gain or forward current transfer ratio 
in common emitter configuration. 

Same as B (Beta). 

DC or low-frequency output admittance 
in common-emitter configuration. 

DC or low-frequency input impedance in 
common-emitter configuration. 

DC or low-frequency reverse voltage 
amplification factor in common-emit­
ter configuration. 

Same as oc (Alpha). 

DC or low-frequency output admittance 
in common-base configuration. 

DC or low-frequency value of collector 
current. 

Ve 

le 

Ve 

Res 

DC or low-frequency value of collector 
voltage measured at the collector ter­
minal of the transistor. 

DC or low-frequency value of base 
current. 

DC or low-frequency value of base 
voltage measured at the base terminal 
of the transistor. 

DC or low-frequency value of emitter 
current. 

DC or low-frequency value of emitter 
voltage measured at the emitter ter­
minal of tbe transistor. 

A small increment of the symbol to 
which it is attached. 

DC or low-frequency value of col­
lector voltage at which the collector 
current becomes essentially independ­
ent of the input voltage or current. 

Collector saturation resistance or the 
ratio of the collector saturation volt­
age to the collector current at which 
the collector saturation voltage was 
measured. (Specify input current or 
voltage at measuring point.) 
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