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General Description

The Type 575 Transistor Curve Tracer displays the dynamic
characteristic curves of both junction and peint-contact tran-
sistors on the screen of a 5-inch cathode-ray tube. Several
different transistor characteristic curves may be displayed,
including the collector family in the common-base and com-

mon-emitter configuration. Regulated current or voltage steps

are applied fo the input of the transistor under test. A recti-
fied sine wave of controllable gmplitude is used for the col-
iector sweep. The family of characteristic curves Is accurately
plofted as either a repetitive or single-family display.

Tolerances and accuracies as stated in Specifica-
tions section and the Recalibration Procedure of
this manval apply only to Type 575 instruments
above serial number 8030.

Operating Specifications
Collector Sweep

0-200 volts minimum peak with 1-ampere current curves.

0-20 volts minimum peak with 20-amperes current curves,

Base Step Generafor

Generates 412 current- or voliage-steps per family of curves
at 120- or 240-steps per second {2- or 4-times power-line
frequency] for either repetitive or single-family displays.

17 current-step ranges from 1 pa/step to 200 ma/step +=3%.

5 voliage-stetp ranges from .01 volt/step to .2 volt/step
3%, with output impedance adjustable from 1 chm to
22 thousand ohms ~10%, plus 0.1 ohm fwiring and
switch contact resistancel.,

Vertical Display

Plots collector current from 0.01 ma/div. to 1000 me./div.
+-3%, in 16 calibrated steps. Pushbuttons provide multiply-
ing each current step by 2 or dividing by 10, increasing the
current range from 0.001 ma./div, to 2000 ma./div. ==3%,

Plots base voltage from 01 volt/div. to .5 volt/div. 2=3%
in & calibrated steps.

Plots base current or base scurce volfs with sensitivity read
from step selector switch 3%,

Horizontal Display

Plot collector voltage from .01 volt/div. to 20 volt/div. &=3%
in 11 calibrated steps.
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SPECIFICATIONS

Plots base voliage from .01 volt/div. to 5 voltfidv. 2=3%
in 6 calibrated steps.

Plots base current or base source volis with sensitivity read
from step collector switch +3%.

Other Features

Comparison switch permits rapid manual swiiching between
twe fransistors for comparison tests.

Regulated power supplies and negative-feedback amplifiers
assure the accuracy of the calibration and the stebility of
the display.

Cathode-ray iube is @ Tektronix T52P. Accelerating potential
is approximately 4kv. Pl phosphor is supplied unless
another phosphor is requested. P2, F7, or P11 phosphors
are gvailable at no exira charge.

Differential inputs to both verfical and horizontal amplifiers
are availoble at the rear of the instrument, or af the Type
175 odaptor socket on instruments ofter S/N 3659. The
sensitivity of each channel is .1 voit/div. and the bandpass
is approximately 300 kc. The rejection of a common-mode
signal is better than 100:1 with a pecak-to-peak signal of
10 volts or less.

Mechanical Chargcteristics

Ventilation—Filtered- forced-air circulation maintains safe
operating temperature.

Construction—Aluminum-ailoy chassis and three-piece cabinet.

Finish—Photoetched, anodized front panel, with bive vinyl
finished cabinet.

Dimensions—24" long, 13" wide, 16%," ‘high.
Weight—Approximately 70 lbs.
Power Requirements—105-125 or 210-250 velts, 50-60 cycles;

410 watts maximum at 117 v, 40 cycles, depending upon the
type of transistor being tested, 200 watts standby.

Accessories

2—Transistor adapters, long, 013-010.
2-Transistor adepters, short, (13.012.
1—3 to 2-wire adapter, 103-013.
2—2N1381 Transistors, 151.039,
1--3-conductor power cord, 161-010.
1—Green filter, 378-514.

2—Instruction Manuals,
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Infroduction

The Type 575 is an extremely versatile instrument that can
be used to moke several tests on a transistor. s full uility
can only be realized, however, when the operator under.
stands the function of each of the front-panel controls.

The front-panel layout, shown in Fig. 2-1, is quite simple
and logical, and can be divided into five main blocks. These
biocks contain the controls for the Vertical Amplifier, the
Horizontal Amplifier, the Collector Sweep, the Basa lor Emit-
ter} Step Generator and Amplifier, and the Transistor Test
Panel. The location of each section, as a functional part of
the instrument, is shown in Fig. 2-2.

MNotice the front panel is in two colors...red and blue.
Those parts of the panel etched in red refer to the Collector
voitages and currents, and those parts efched in blue refer
to the Base voltages and currents. However, when testing a
transistor in the common-base configuration, the emitter is
stepped with voltage or current; in this case, the blue print.
ing on the front panel réfers to the Emitter rather than the
Base,

Vertical Block

The Vertical biock contains a 24-position Vertical Selector
switch which selects the type of signal, and in some cases
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Fig. 2-3. Function of front-panel vertical-block controls.

the amplitude of the signal, fed to the Vertical Amplifier,
When the switch is in any of the COLLECTOR MA positions,
the collector current of the transistor appears os the Y axis
signal, provided the transistor is being tested in the common-
emitter (EMITTER-GROUNDED} configuration. The 2X and
the 0.1X pushbutton switches provide increcsed current mea-
surement ranges by multiplying each currenf step by 2 or
dividing by 10.

When festing o tranmsistor in the common-base [BASF
GROUNDED) configuration, oll of the Base-indicated no-
menclature should be read as EMITTER, gs explained in the
note on the Transistor Test Panel.

When the Vertical Selector switch is in the BASE CURRENT
OR BASE SOURCE VOLTS position, either the base current
or the base source-voltage is monitored as the Y signal de-
pending on the setting of the STEP SELECTOR switch in the
Step Generator section. (In the common-hase configuration,
this would be either the emitter current or the emitter source.
voltage).

In the EXT, position of the Verticai Selector switch, the Y
signal must be obtained from an external test point, rather
than from the Transistor Test Panel. Two external-input con-
nectors are provided on the rear panel of the insirument, one
for normel polarity and one for inverted polarity signals.
Or, if preferred, both connectors may be employed for dif-
ferential input. For instruments with S/N 3460 and up these
connections are obtainable through the Type 175 adaptor
socket,

The POSITION control is just what the name implies; it
positions the trace or display vertically on the crt. The DC
BAL. control is adjusted to maintain o state of de balance
between both sides of the Vertical Amplifier. This prevents
the display from shifting vertically as the input sensitivity of
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the amplifier is changed in either the COLLECTOR MA or
BASE VOLTS [or EMITTER YOLTS) ronge.

The AMPLIFIER CALIBRATION switch is used to check the
gain seiting (calibration} of the Vertical Amplifier. In the
ZERO CHECK position both grids of the Input Amplifier are
grounded fo establish a zero reference on the crt. In the
—10 DiVISIONS position, ene grid is connected through o
divider to @ —150-volt supply. I the Amplifier is in proper
calibration, the trace will be deflected exactly ten divisions
below the zero reference,

Horizontal Block

The controls in the Horizontal block are similar to those
in the Vertical bleck, A 19-position Horizontal Selector switch
seiects the type of signal, and in some coses the amplitude of
the signal fed to the Horizontal Amplifier, When in any of
the COLLECTOR VOLTS positions, the voltage applied to the
collector of the transistor is the X-axis signal. When in any
of the BASE VOLTS positions, the voltage anplied to the base
of the transistor is the X signal. In the BASE CURRENT OR
BASE SOURCE VOLTS position, either the base current or the
base source-voliage, depending on the sefting of the STEP
SELECTOR switch in the Step Generator block, is monitored
as the X signal. As expleined in conjunction with the Verti-
cal block, the BASE-indicoted nomenclature is used when
testing transistors in the common-emitter configuration. When
the common-base configuration is used, the word BASE on
the front-panel should be read as 'EMITTER',

When the Horizontal Selector switch is in the EXT. position,
the function is exactly the same as that explained for the
Vertical Selector switch. In addition, the function of the PO-
SITICN, DC BAL. and AMPLIFIER CALIBRATION switches is
exactly the same as that explained for the Vertical block.

e
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Fig.. 2-4. Function of front-panel horizontal-block controls.

Collector Sweep Block

The PEAK VOLTS RANGE switch selects one of two peak
voliage ranges for sweeping the collector of the fransistor.
In the 0-20 position, the peak veltage can be varied between
zero and 20 volts by meons of the PEAK YOLTS contral: in
the 0-200 pesition, the voltage is variable between zere and
200 volts. The POLARITY switch determines whether posi-

tive-going or negative-going sweeps are applied o the col-
fector. The DISSIPATION LIMITING RESISTOR switch con-
nects one of the indicated resistance values in series with
the collector to limit the collector dissipation and thereby
protect the transistor from excessive power dissipation, The
value of resistance selected also bacomes part of the tran-
sistor load, as explained under "Transistor Load Resistance”
on the top-panel chart.
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Step Generator Block

The Step Generator block contains ¢ STEP SELECTOR switch
which determines the type (current or voltage] and the am-
plitude of the steps applied to the base or the emitter of the
transistor. The SERIES RESISTOR swifch connects the selected
value of resistance in series with the Step Generator when
voltage steps ore used. The value of resistance selected may
be used fo simulate the driving impedonce of the cireuit into
which the iransistor may be used. {In the 1(} position of the
SERIES RESISTOR swiich, no resistance is added to the circuit;
in this case the driving impedance is the 1-ohm infernal im-
pedance of the Step Generator.)

A POLARITY switch provides for stepping the input in either
the pasitive or negative direction. The number of steps per
family is adjustable frem 4 to 12 {actually from 5 to 13 count-
ing the zero step} by means of the STEPS/FAMILY control,
With the STEPS/SEC switch, either 120 or 240 steps per sec-
ond can be selected. In the upper 120 position, the current
or voltage steps occur when the collector voltage is zero; in
the lower 120 position of the switch, the steps occur when
the collector voltage is maximum. In the 240 position, the
steps occur both at zero and at maximum (of the collector
voltagel; this accounts for the double repetition rafe in this
position,

A switch is provided on the Step Generator block for se-
lecting either a REPETITIVE or a SINGLE FAMILY display.
The REPETITIVE position provides a continuous display for
testing o transister at or below its rated values. The SINGLE
FAMILY position will provide o single display each time the
spring-loaded switch is depressed. The low duty cycle, in
this position of the switch, will permit the operator to test o
transistor beyond its ratings without damage.

Another switch s provided for grounding the transistor in-
put for g ZERO VOLTAGE check, or for opening the fransis-
tor input for a ZERQ CURRENT check. The STEP ZERC control
adjusts the starting point of the current or voltage steps.

Transistor Test Panel

The Transistor Test Pansl has provisions for two fransistors
af the same time. The two sockets accept low-power iran-
sistors with short leads. The binding posts, located on either
side of the smaoll sockets, accept two types of plug-in adapt-
ers; one type of adapter is for power transistors with rigid
leads, the other type is for transistors with long, flexible
leads. For transistors that will not fit either type of adapter,
direct connections with fest leads may be made to the bind-
ing posts. For power transistors that fall inte the lotter cate-
gory, it may be advisable to devise o heat sink to protect
the transistor.

By means of a comparison switch, either fransistor [TRAN-
SISTOR A or TRANSISTOR B} can be connected into the test
circuit. A Configuration switch reverses the base and emitter
connections for the fransistor sockets only. in the EMITTER
GROUNDED position, the transistor is tested in the common-
emitter configuration and the front-panel labels are read
directly. In the BASE GROUNDED position, the transistor is
tested in the common-base configuration and the BASE labels
on the front panel are read as EMITTER,

If it is desired to test @ transistor in the commen-base con-
figuration, when using the binding posts {with or without the
adapters!, the base lead must be plugged into the grounded
connector marked E and the emitter lead must be plugged
into the connector marked B.
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- BASE SOURCE VOLTS
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Fig. 2-6. Function of buse-step generator conirols.
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Fig. 2-7. Funttion of test-panel controls.

Setting Up The Front-Panel Contrels

In displaying transistor curves on the Type 575 we are
concerned with two considerations. . . properly displaying the
curves we wish fo interpret, and protecting the transistor un-
der test from damage.

If we know quite a bit about the transistor.. . that is, if
we know such factors as the collector dissipation rating, col-
fector current and emitter current ratings, collector-to-base
and collector-to-emitter voltage ratings. . .then we can set up
the front-panel of the instrument without danger of damag-
ing the transistor. However, if all we know is whether the
transistor is an NPN or ¢ PNP, more care must be exercised
when setting up the front-panel controls,

The General Procadure that follows is an outline of the
steps involved in setting up the front-panel controls to obtain
a collector family of curves. Following the General Proce-
dure is a step by step procedure for setting up the controls
for a transistor of unknown characteristics, to obtain a col-
lector family, and then a procedure for obtaining o coliector
family for a transistor of known characteristics,

General Procedure

Indicotor Unit

1. The INTENSITY control is furned to mid-scale; this will
prevent damage to the crt phosphor when the power is
turmed on.

2. The POWER switch is turned ON, so that the insfru-
ment can be warming up while it is being set up for use.

Test Panel

3. The Configuration switch is set to the EMITTER
GROUNDED poesition {if o common-emifter configura-
tion is desired).

®®

4. The Comparison switch (TRANSISTOR A-TRANSISTOR
B} is set to the center position; this prevents the appli-
cation of any voltage or current to the transistor socket.

Coilector Sweep Block

5. The POLARITY switch is set to the proper polarity for
an NPN or a PNP transistor,

é. The DISSIPATION LIMITING RESISTOR switch is set to
the proper value 1o prevent excessive collector dissi-
pation,

7. The PEAK VOLTS RANGE and the PEAK VOLTS switches
are set for the proper amplitude of collector sweep
voltage,

Base Step Generator Block

8. The Display switch is set to REPETITIVE so that we may
view a continucus display.

9. The STEPS/FAMILY contral is adjusted for the number
of curves we wish to display.

10. The POLARITY switch is set to — if the transistor under
test is o PNP [since we are in the grounded-emitter con-
figuration), or to - if an NPN transistor {ogain in the
grounded-emitter configuration),

11. The STEPS/SEC. switch is set for the desired step rate
of the Base Step Generator {either 120 or 240 steps/
secend).

12. The STEP SELECTOR s set for the current per step or
voltage per step that we wish to apply to the base.

12.{a} If voltage steps are applied to the base of the
transistor under test, the proper value of SERIES RESIS-
TOR must be switched into the circuit to limit the base
current.

2-5
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Conclusion

13. The VERTICAL sensitivity for the collector current is set
by adjusting the COLLECTOR MA/DIVISION switch.

14. The HORIZONTAL sensitivity for the collector voltoge
is set by adjusting the COLLECTOR VOLTS/DIV. switch.

15. The transister to be tested is placed in the socket or
binding post (either A or B) and the Comparison switch
set to either TRANSISTOR A or TRANSISTOR B [depend-
ing on which sockef or binding post is used). This con-
nects the fransistor info the test circuit.

16, The INTENSITY, FOCUS and ASTIGMATISM controls are
adjusted for a display of suitable brightness and clarity.

17. The colibration of the horizontal and vertical amplifiers
is checked.

18. The display is properly positioned for interpretation.

Testing a Transistor of Unknown Characteristics

To cbtain ¢ collector family for g fransistor of unknown
characteristics, the following control settings will afford max-
imum profection. We are assuming that the type of tran-
sistor is known {NPN or PNP}, and that it is to be tested in
the grounded-emitter configuration.

Test Panel

Configuration Swiich EMITTER GROUNDED

Comparison Switch Centered
Collector Sweep Block

PEAK RANGE YOLTS 0-20

PEAK VOLTS 0

POLARITY Set according to type of

fransistor being tested.

DISSIPATING LIMITING RESISTOR 100 K

Base Step Generator Block

REPETITIVE
4 ffull left)

Display Switch
STEPS/FAMILY

POLARITY Set according fo type of
transistor being tested.
STEPS/SEC. Any sefting

STEP SELECTOR 001 MA per STEP, or
01 VOLTS per STEP
SERIES RESISTOR 2K
SERIES RESISTOR switch is not connected in the
circuit when STEP SELECTCOR switch is in MA per

STEP range.

Indicator Unit

VERTICAL

COLLECTOR MA 0
HORIZONTAL

COLLECTOR VOLTS 01

2-6

Place the transistor to be tested in either the socket or
binding post on the left side of the Test Ponel, and place
the Comparison switch in the TRANSISTOR A position. Ad-
just the INTENSITY and POSITION controls for a crt indica-
tion near the upper right corner of the graticule for PNP or
lower left corner for NPN, At this time each of the controls
mentioned in the front-panel set-up can be adjust, one posi-
tion at a time, until a syitable display is obtained on the crt.
As soon as an indication of a collector fomily of curves be-
comes apparent on the crt, it will probably he necessary to
reposition the display to properly interpret the values of
voltage and current.

Testing o Transistor of Known Characteristics

To demonstrate the front-panel set-up for a fransistor of
known characteristics, we have selected a 2IN407 PNP tran-
sistor. Note: The fest transistors furnished with your instru-
ment are a similar fype.

Test Panel

Centered
EMITTER GROUNDED

Comparison Switch
Configuration Switch

2. Collector Sweep Block

The PEAK VOLTS RANGE and the PEAK VOLTS controls
are set for the peak voltage with which we wish fo sweep
the collector. |f we wish this to be 10 volts, the controls are
set as follows:

PEAK VOLTS RANGE 0-20
PEAK VOLTS 10
POLARITY PNP—

The value of the DISSIPATION LIMITING RESISTOR de-
pends on the maximum collector disspation and the collector
sweep voltage, The transistor manual states that the maxi-
mum collector disspation, for 25° C ambient temperature,
is T80 mw. Censulting the RESISTOR SELECTION GRAPH on
the instrument, the proper value of resistance, for a collector
dissipation of 150 mw and o peak collector voltage of 10
volfs, is 200 ohms.

Therefore:
DISSIPATION LIMITING RESISTOR 200
The remainder of the controls are set for the conditions

under which we wish to test the transistor,

Base Step Generator Block

Display Switch REPETITIVE
STEPS/FAMILY 4
POLARITY —
STEPS/SEC. 240

STEPS SELECTOR 02 MA per STEP

Indicotor Unit

VERTICAL

COLLECTOR MA 5
HORIZONTAL

COLLECTOR VOLTS 1

Gy



Fig. 2-8. Collector family of curves for a Type 2N407 transistor.

Insert a test transistor into the socket on the left side of the
Test Panel, and place the Comparison Swiich in the TRAN-
sistor A position.  Adjust the INTENSITY, FOCUS and
ASTIGMATISM controls for o display of suitable brighiness
and clority. The display should then be similer to the
collector family shown in Fig. 2-8.

How To Check The Calibration of The Display

Before quantative information is taken from the display,
a check should be made to see that the calibsation of the
vertical and horizontal scales is correct. The stobility of the
amplifiers is such thaot the instrument will remain in calibra-
fion over long periods of time if there ore no component
failures. The display must also be properly positioned.

NOTE: When you check the calibration of this in-
strument, calibrate it, or take information from the
display, be sure your eye is ot the same level as
the line at which you are looking in order to avoid
errors due to parallax.

Hold the VERTICAL AMPLIFIER CALIBRATION switch in the
ZERQ CHECK position and set the horizonfal line even with
the top line of the 10-division graticule. Next, hold this
switch in the —10 DIVISIONS position, The horizontal line
should be within 1Y, minor divisions of the botiom line
of the graticule i the calibration is within tolerance.

Now hold the HORIZONTAL AMPLIFIER CALIBRATION
switch in the ZERQ CHECK position and set the vertical line
even with the exireme right vertical line of the graticule
Next, hold this switch in the —10 DIVISIONS position. The
vertical line should move to within 1% minor divisions
of the extreme left vertical line of the graticule,

@@L
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Since current steps are being fed info the base of the tran-
sistor under test, it is sometimes desiroble to adiust the STEP
ZERC control (BASE STEP GENERATOR! to a puint where the
first horizontal trace occurs when the base current is zero. To
do this, it is necessary to have an cpen-circuit or zero baose-
current reference line. Hold the ZERO CURRENT-ZEROD VOLTS
switch in the ZERO CURRENT position and note precisely
where the horizontal trace intersects the vertical center line
of the graticule. Now release the ZERD CURRENT switch
and adjust the STEP ZERO control so that the top line of the
display intersects the verticel center line of the graticule at
the same place.

Applying Voltage Steps to the Transistor Input

The control settings used in this display are the same as
for the previous display except for the following:

SERIES RESISTOR 1 ohm
STEP SELECTCR .02 YOLTS PER STEP

VERTICAL
COLLECTOR MA 05 MA PER DIVISION

If o complete and accurate display is desired, the display
should be properly positioned by the method outlined in the
next two paragraphs.

Hold the amplifier calibration switch (VERTICAL BLOCK}
in the ZERO CHECK position and move the trace to the top
line of the rectangular graticule. This operation sets the zerc
collector-current reference. Now depress the ZERO CUR-
RENT.ZERO VOLTS switch (BASE STEP GENERATOR)] in order
to ground the transistor base. The veriical displacement of
the horizonial trace from the zero-current reference indicates
the collector current at zero bias with a calibration of .05 ma.
per major division.

The STEP ZERO control (BASE STEP GENERATOR) must now
he sef so that the uppermost curve (zero bias) in the family
of curves coincides with the position of the single curve just
displayed. The family of curves now on the crt screen is that
of collector current versus collector voltage with 20-millivelt
steps applied fo the transistor base.

Special precautions should be taken when voltage steps
are fed to the input of the transistor under test. Since the
input resistance of o transistor is guite nonlinear over its op-
erating range, it is important that the number of voltage steps
used does not cause excessive buse cutrent to flow. There
are two controls which influence the maximum base current
for a selected value of voltage-step amplitude. One is the
STEPS/FAMILY control, which should be set to 4 for an initial
test set-up. The other is the SERIES RESISTOR switch, which
allows you to insert o profective current-limiting resistor in
the transistor irpyi lead. Excessive series resistance will seri-
ously alter the characteristic curves displayed, thersfore its
effect should be taken into consideration before interpreting
curves where voftage steps are being fed into the transistor
input.

The SERIES RESISTOR may also be used to simulate driving
impedances. When series resistance is used, it may not be
possible to make the top curve of the display coincide with
the zero-bias curve,
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Characteristics of the Base Step Generator

The largest current steps the base generator can supply
are 200 ma. each. Since up to 12 steps are ovailoble, the
maximum current this supply will deliver is therefore 2.4 am-
peres. Because of necessary restrictions on the size of the
power source for the internal fransistors used fo deliver the
current steps, the input characteristics of the power transistor
under test must be such that the base to emitter voltage does
not exceed 5 volts when the base current is 2.4 amperes.

The minimum source resistance of the step generator in
the YOLTS/STEP range of the STEP SELECTOR switch is one
ohm [SERIES RESISTOR set at 1 ohm). This is a constant mini-
mum source resistance irrespective of the size of the voltage
steps. The source resisionce increases as resistance is switch-
ed in series by the SERIES RESISTOR switch,

When power fransistors are driven info the high base-cur-
rent region, their input resistonce is often low enough to
cause the input steps to become non-uniform in size. Under
these conditions, it is best to check the uniformity of the vol-
age steps by displaying the base voltage on either the verti-
cal or horizontal axis. A quick check of generator loading
may be made by changing the setting of the SERIES RESIS-
TOR switch from 1 ohm to 3.4 ohms while collector charac-
teristics are being displayed. A radical shift in the position
of the trace displaying the highest collector current would
indicate a low input resistance and the possiblity of non-
uniform voltage input steps in the 1 ohm position,

Functions of Contrels and Switches

All descriptions given below presume that the
transistor under test is in the grounded-emitier

configuration and that the power-line frequency
is 60 CPS. '

Collector Sweep Block

PEAK VOLTS RANGE. Selecks appropriate power source to
give collector sweep voltage and current range indicated.
Operates in conjunctien with PEAK VOLTS control.

PEAK VOLTS APPROXIMATE. Variable autotransformer in the
primary of the collector sweep transformer. Operates in
conjunction with PEAK VOLTS RANGE.

CIRCUIT BREAKER, Protects the coliector sweep circuit from
excessive overload currents,

POLARITY. Selects the polarity of the collector sweep to be
applied to the transistor under fest

DISSIPATION LIMITING RESISTOR. Selects g protective series
resistor for the collector circuit of the transistor under test.
This resistance may be used as the collector lood resistor
to simulate operating conditions of the transistor under
test. Refer to chart on top panel.
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Base Step Generator Block

REPETITIVE-OFF-SINGLE-FAMILY. In the REPETITIVE position,
the Base Step Generator produces stair-step waveforms,
A characteristic curve is plotted during each horizontal
portion of the stair-step waveform. In the OFF pesition,
the BASE STEP GENERATOR is disabled. The SINGLE
FAMILY position is a spring-return position which permits
the generation of one stair-step waveform each time the
switch handle is depressed.

STEPS/FAMILY. Determines the number of steps in each
family of cyrves,

POLARITY. Selects the polarity of the stair-step waveform
to ke applied fo the transistor under test.

STEPS/SEC. Selecis the steps-persecond rote of the Base
Step Generator as well as determining whether the steps
occur at the beginning or at the end of each curve.

SERIES RESISTOR. This switch functions only when the STEP
SELECTOR switch is in the YOLTS PER STEP position, It per-
mits the simulation of the source impedance of the circuit
in which the transistor under test is to be used. The SERIES
RESISTOR may also be used as a protective device to fimit
the current thot might otherwise be inadvertently cpplied
to the transistor base.

STEP SELECTOR. Selects the magnitude of either voltage or
current-per-step to be applied fo the transister under test,

STEP ZERO. The STEP ZERC control permits adistment of
the Step Generdlor fo start on the zero-current or zero-
volts curve of the display,

ZERO CURRENT—ZERO VOLTS. In the ZERQ CURRENT
position, the connection to the base of the fransistor under
test is broken. The curve displayed shows the open-base
characteristic of the iransistor. In the ZERO YOLTS posi-
tion, the base is grounded to permit examination of the
zero-bias characteristics.

Yertical Block

CURRENT OR VOLTAGE PER DIVISION. COLLECTOR MA.
Selects the collector-current of the transistor under test for
the vertical display. Different switch positions within this
range change the calibration of the vertical display by
changing the value of an internal current-sampling re-
sistance.

2X. Pushbutton switch multiplies each current step by 2.
0.1X. Pushbutton switch divides each current step by 10.

BASE YOLTS. Selects the base voltage of the transistor under
test for the vertical display. The sensitivity is determined
by the resistence of an attenuator in the vertical amplifier.

BASE CURRENT OR BASE SOURCE VOLTS. Base current is
disployed vertically when the STEP SELECTOR switch (BASE
STEP GENERATOR] is in the MA PER STEP range. The cali-
bration of the vertical display is that indicated by the
STEP SELECTOR switch except that it is also in milliamperes
per major division as well as milliamperes per step.

EER



The base-source voltage is displayed vertically when the
STEP SELECTOR switch is in the VOLTS PER STEP range.
The display is that of the voltage steps which are occuring
ahead of the SERIES RESISTOR. The calibration is indi-
cated by the STEP SELECTOR switch except that i is also
in voits per major division as well as volts per step,

EXT. This switch pasition permits the vertical dc amplifier to
be driven by ar external signal applied through connectors
on the back panel of the instrument, or on instruments
after S/N 3659 through the pins of the Type 175 adaptor
socket. The external signai may be either single-ended
or push-pull.

POSITION. This control permits the display to be moved
vertically over the entire foce of the art without introduc-
ing distorfien into the ‘display.

AMPLIFIER CALIBRATION. A three-position switch with two
spring-return positions used to check the ZERO pasition and
the caiibration of the vertical amplifier,

DC BAL This control is adjusted o permit changing of the
amplifier sensitivity without chenging the position of the
display.

Horizontal Block

VOLTS/DIV. BASE VOLTS. Selects the base voltage of the
transistor under test for the horizontal display. The sensi-
tivity is determined by the resistance of an attenuvator.

COLLECTOR VOLTS. Selects the voltage on the collector of
the transistor under test for the horizontal display, The
various switch positions in this range either change the
gain of the horizonfal amplifier or introduce attenuation
of the coilector voltage signal applied fo the inpuf of the
horizontal amplifier.

BASE CURRENT OR BASE SOURCE VOLTS. The description
of this switch position is the same as that given in the
VERTICAL BLOCK under the same heading, except that
the display is horizontal instead of vertical.

EXT. The description of this switch position is the same as
that given in the VERTICAL BLOCK under the same head-
ing, except thot the display is horizontal instead of vert-
ical,

POSITION. This conirol permits the display to be moved
horizontally over the entire face of the CRT without in-
troducing distortion into the display.

AMPLIFIER CALIBRATION. A three-position switch with two
spring-return positions used to check the ZERO position and
the calibration of the horizontal amplifier.
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DC BAL. This control adjusts the tube-current balance in the
direct-coupled horizontal amplifier to permit changing of
the amplifier sensitivity without changing the position of
the display,

Test Panel

TRANSISTOR A, TRANSISTOR B. A three-position switch
which, in either outside position, connects the two binding
posts and the iransistor socket indicated to the appropriate
circuitry within the instrument. In the center {off} position,
it disconnects all power from the transistor, sockets and
binding posts,

EMITTER GROUNDED, BASE GROUNDED, A reversing swiich
in the base and emitter leads of the transistor sockets, It
permits small transistors to be rapidly switched between
the grounded-emitter and grounded-base configurations.
This switch does not reverse binding post connections,

Interpreting Type 575 Curves

The following displays cre deveted to some typical tran-
sistor displays and their meaning. While no attempt is made
to explain transistor terminology and parameters, it is hoped
that these diagrams and curves will help the operater to
arrive at the desired answer in less time, and perhaps better
understand the operation of the instrument in so doing.

The transistor used in most of the following tests is the
2N407 PNP junction transistor. The curves are not necessarily
typical of the average 2N407 as a number of different fran-
sistors were used in order to best demonstrate certain char-
acteristics. Other curves shown include those for the point
contact transistor, Zener diede, gaseous voliage-reguiator
tube NE2, tetrode transistor, photodiode and phototransistor.

An atiempt has been made to portray all of the voltages
and currents that appear in transistor specifications; fe., Ve,
Vier Yoo BV e, BV coor beor levos Loy 1. Also, since some manu-
facturers employ the hybrid h parameters while others use
the r parameters (g5 in low-frequency equivalent T circuit,
measurements of both types have been included,

Note: The measurements obtained on the Type 575 are valid
for low-frequency operation only; other equipment is required
for high-frequency testing,

The effects of temperature on transister operation are very
important; this con be noted in the top twe curves on page
2-7. The temperature effects can be portrayed with the aid
of a thermocouple or heat box, or by means of an oil bath
and heating element.
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Collector Family

X-Bell point-contact transistor

50y Collector Yolts - 0
T
// t
b /| g
P L~ 5
. LS
i L i "l 4 A
A pd
A /
/ b
A
/
EC . -
Note: Alpha (o) = —is greater than 1.
Fay R
Collector Family
2N407 PNP junction transistor
—20v Collector Volts 0
E
2.5 ma 2
-3
L ¥
Febbbh 5
3
&
(&)
2 lnw -
FAYR AV,
Beta {Bl = —— = hy, b rpmy = 1, + ro = -
B Eb FE 22 e < A JC
Inverted Collecter Family
2N407 PNP junction transistor
~—20v Emitter Yolts 0
¥ o
rens : ]
=14 ma.
=2 ma

bbb

L

" Siep Generator

oo bz 1 me.

L]

Emitter Current

Raverse current transfer ratio = hy, he,
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Collector Family . . . Effect of zollecior to base capacgity
2N407 PNP junction transistor

—20v Collector Volts [
T I, = 0
IR S AT - Horitontal - T ! '
S allecter Sween - i RO —//kl
 Collector Swsen "),  mplitier $ 005 me LT
&
R Eo e L
. RETI SRS FAVES PO ik
TR = o ::015 3
RS S R P kR ma, °
e AR . -“-Eb : _: o 4 8
. Step Generotor . i = |
1 - E 02 me
~— Tme
This effect is most noticaable with high collecter voltuge and low collector current.
Collector Family . . . External capacity added
2N407 PNP junction transistor
~—20v Collector Valts o
=0 | |
£ —
Cotlector Swaep }.005 mo. 7
2 P o r——-! K]
i 4 [
.01 ma. j 5
bbbl rANETRE TSI U
L T .015 ma, 2
i g O I
r ]
}3:_ ¥ .02 mcz.z/
il ] o

The added copacity increases the modulation of the base curren;

this effect is amplified by the transistor.

Coilector Family . . . Seturation region

2N407 PMP junction transistor
—0.5v Collector Veolis o

=
I

_.-02 ma.

o €S

PR Y
T

8 ?ﬁﬁéﬂ#f Sweep

04 ma.

panr oy uedna et ean i an,
LR BAAE L

06 mo.

aarabons
HHpHH

%-

R

Collector Curveni

IEINTES LYV FI FUTNS T
N S A RN RN CAREARESAL]

e B gy
Saturation voltage Vee (SAT), of specified |, and 1.

Saturation resistance Rye = slope of |-V, curve ot specified |..
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Collector Family . . . Room temperature (75° F.)
2N407 PNP junction fransi;fénr
— ¥

Collector Volts o
i, =0 3
— Heorizonial
Collector Sweep ] Amplifier
B
I
5
(%3
g
3 H
Vartical 3 ®
Step Generctor 3 v
Amplifior E
x —100ma
Abhove transistor ot temperafure of 150° F.
= 20v Collettor Volts ¢
— ¥ Horizontal i
Collacior Sweep I
Ampiifier -
[
H
H
L&)
$HH b H
3
Vertical S
Step Generator , o
Amplifier . & ma.
3 8 mal |
3 l —100ma
Note increase in feakage current and Beta.
Breakdown Yoltage, collector o bause Collector Cutoff Lurrent leo, leno
(emitter open) BVcao 2N407 PNP junction transistor
—100v Collector Volts [}
i
—Vee Horizontel //;
Colloctor Sweep | __| r
. Amplifier £ -
i g
3 3
L b f P 4 5
-_— , +* E
Vartical *ZENER ¢ 3 S
[ Amplifiar %
3 —100ua

For BVeao the I. should be specified; For lepq the voltage should

be specified. Note the Zaner " region.
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Breakdown Voltage, collector 1o emitter Collector Qurrent lee leror feis
BYesr BVepor BVYesp, BVers 2N407 PNP junction transistor
—100v Collector-Emitter Volis ¢]
—V. Horizontel {
Collector Sweep Amplifier é N
¢
5
w
HIHHHHE 5
X 3
+ =2
ZLero Step ’ Vertical : [ 8
:’g PP 2.2K ¥
Step "1 Ampiifier 2 !
Generator !
o . = —0.,5ma
The current should be specified when measuring BV é
the resistance should be specified when measuring BV,
Breakdown Voliage, base to emitter Emitter Corrent lio, liso-
{collector open) BVio S0 Base-Emitter Volts 0
AT
-V Horizontal Y|z
Collector Sweep |~ ? ‘+
le Amplifier 3
E
2
5
. <
il + 5
Vertical &
. Amplifier E
3 10040
Alpha Curve, o, hayp, By, heg
2N407 PNP junction transistor
50
0 Emitter Current +-50ma
Horizontal
Collector Sweep £
Amplifier = 3
g Z
5 ¥
w0 X
5 %
Yerticol d
Step Generctor 3 N
Amplifier £
——50ma $ A
Al b a = .98
=~ hg =
Al I
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Forward Current Transfer Ratio, Beta, 5, hayer Hyor e
2N407 PNP junction transistor

—dme

Base Current o
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5
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2
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Quiput Admittance, haqp, he
2N407 PNP junction transistor

=30 Collector-Base Volis o
i Lo -
0% ma, —
P
b=
o 2
5
= vresf ¥
g [N hob =" mé
o Vmim& RS &
{[4 - Amplifier
Al P — 1000
e = S |l
| AV. |
Qutput Admittance, haaer hoe
2M407 PNP junction transistor
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Collpctor Sweep’ ! ] ] -
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he 'IE 10 é;:' _#__’,__»:_—: §
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K
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g
I o
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e |2 | 1-6x10°F Pt ]
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Voltage Feedback Ratio, hy,,, by,

2N407 PNP junction transistor Collector-Base Volis +0.1v
—V, Horizontal 3
Collector Sweep 3
Amplifier é 04 ma
.02 mal ; 2
hy = 2x107% Fogp e L =
prdbis bbb B e s O %
2 E
Vertical ¥
Step Generator +l +V, £ =3
I ! Amplifier Y E
AY i o
h, = =¢ Fl 50 P 0.1v
VAN I
Reverse Transfer Resistance, ry,,
2N40G7 PNP junction transistor
—0.2v Bose-Emitter Volts o
Vertical
Collector Sweep .
N Amplifier
€
2
5
Sobd it u
TIPSR Y. 5
3 b
—Y Herizontal ' l S 3
Step Generator b T o
Amplifier
g Fe = 208
FANS ! i b1 —2ma
Toe = —— | I, 1 = r,. Slope = rp,!
IR
Reverse Transfer Resistance, ry,,
2NAQ7 PNP junction transistor 0.2v
0 Emitter-Base Volts !
[ a
1 3
-V Vertical ' /’ /
Collector Sweep 0
s A Amplifier =
$liry =
3
Q
L 5
- W
=2
B
I Horizontal b
Step Generator + +V. “
A_I_l Amplifier
AV, | 0.5me 3
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Output Resistonce (input open-circuited 1o ae).
2N407 PNP junction transistor

—p0v Collector-Base Volts 0
lgu 0
-V Horizontal
Collector Sweep <
—k Amplifier
E
4
5
. (¥
L T 3
) 3
S +1, Yertical Yag - 3
tep Generator ————1‘_[4 Amplifier
AV | +r. S S
rop == ! = 7 r.. Slope = rp.
22 &‘c E e B ¢ s
k Punch-Through Voltage (¥e1) and Floating Potential.
X-Philco surface-barrier transistor.
—20v Cellector-Base Voits 0
- Horizontal : ¥
Collector Sweep Ve / S o
Ampliier HE: E:
/ ¥pr >
3 @
P e
1 L]
p [-:]
i
29K Vertical / 2 &
Step A ov . 3
—‘:EL Amplifier
Generator = i
I By
Note: Punch-through rarely occurs before By Vi is the
floating potential
Back-Binsed NPN in Avalanche Mode
2N212 NPN junction transistor
+-5ma Collactor-Emitter Volis
+V. Heorizontal
Collector Swes i
e Amplifier .
} =4
[
5
U P
st '
E -
Vertical E ‘\Cg;m
Step Generator it ] 4@"‘
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NN
MJ -
0
This is a very fast breakdown as opposad fo normal +50v

Zener breakdown.
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Photodiode, with and without light

TI-B00 photodiode

External
Light
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Phototransistor, with and without light
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Note the reduction in Beta with interbase bias.
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Zener or Reference Diode, Reverse Biased
Transitron SV-11

—20v Volts 0
L
3 £
HHHHHHH + t
2 G
X e T OIMLE
Operoting potential (Zener regionl, Dynamic impedance (slops)
, Zener or Reference Diode, Forward Biased
Transitron SV-11
~+-10ma
£
B e LT R e 1A,
‘5 P
L%
Yolts
The forward and reverse curves can also be plotted for +-20v

semiconductor diodes and metallic rectifiers.

Voltage Regulator Tube NE-2

+-2me
T
£ Hrrafrr g HEPHH b H
= 5
- (e
e [ FIRING POTENTIAL
:
JIHEHE
: o Volis :
Firing potential, opercting potential and dynamic impedance —+100v
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Block Diagram

The Block Diagram shows the relationship of the Collector
Sweep, the Step Generator, the Step Amplifier, and the CRT
Deflection Amplifiers to the transistor under test, The Step
Generator is driven by the 60-cycle line voltage and the
waveform from the Step Amplifier is applied to the input of
the fransistor under test. The Collector Sweep Generator
suppliss the full-wave rectified pulses that are applied to the
collector of the transistor. Notice that the pulsations occur
at twice the line frequency. The crt deflection amplifiers are
shown connected for o display of the transistor I.- V. char-
acteristic curves,

The three possible time relationships between waveforms of
the Collector Sweep and the Step Generator are shown in
Fig. 3-1. In waveform (b), each voltage step begins at a time
when the Collector Sweep voltage is zero. In waveform (c),
each step begins at a time when the Collector Sweep volt-
age is at ifs moximum value. In waveform (d), steps begin
both at times when the Collector Sweep voltage is at its
maximum value and when it is at its minimum value.

SECTION 3

CIRCUIT
DESCRIPTION

Collector Sweep

The Collector Sweep circuit rectifies the é0-cycle line volt-
age [full-wave circuit] to produce 120 sweeps per second for
the collector of the transistor under test.

The primary voltage of T702 is variable from 0 to 140
valts rms by the varioble autotransformer T701 (PEAK YOLTS
control]. The secondary of 7702 provides cutput voltuges up
to 20 volts and 200 volts, peck, depending on the setting of
the PEAK VOLTS control and the PEAK VOLTS RANGE switch
SW706. The coliector-supply primary is protected by o cir-
cuit breaker, sef to trip within 30 seconds at 1.2 ampere rms
current but to hold on a rms current of T ampare. The turns
ratio of the transformer for the 20-v range is such that o
maximum peak current of 15 amperes is available with 1
ampere rms in the primary. Becouse the current pulses for
transistors are not sinusoidal nor of constant amplitude, and
their duty cycle is dependent upon the characteristics of the
device being tested, it is difficult to say what maximum col-
lector-current curves can be plotted. Generally, a family of
collector-current curves can be plotted to 20 amperes or more

COLLECTOR SWEEP

waveforin

STEP GENERATOR

swcivetorm

Fig, 3-1. The time refationship between waveforms of the Collector Sweep circuit

and the Step Generator.
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when the transistors have o beta of 8 or grecter, When
checking dicdes, you will notice that the waveform of cur-
rent pulses is such that a curve of approximately 15 amperes
maximum is draown,

By means of the PEAK YOLTS RANGE switch, each set of
rectifier diodes is connected in parallel for the 0-20 volt
range, or in series for the 0-200 volt range. The polarity of
the oulput sweeps is determined by the POLARITY switch
SW7Z08, The DISSIPATION LIMITING RESISTOR switch SW710
connects the desired value of resistance in series with the
collector to protect the transistor.

To compensate for the stray-cireuit-capacitence charging
current through the Current Sompling Resistor, a sample of
the collector sweep voltage is applied through the cathode-
follower V733 to the fop of the Current Sampling Resistor,
Capacitors C706 and (735 are used to balance the circuit
capacitances.

Step Generator

The circuit diagram of the Step Generafor may be con-
sidered in two sections: the pulse-gernerator section {left
side} which develops rectongular pulses from the sine-wave
input, and the staircase-generator section which uses these
pulses to develop a staircase waveform. V171 is the “heart”
of the Step Generator and its operation will be described
first.

Staircase Generator

The staircase waveform is generated by increcsing the
charge on o capacitor by equal steps and then discharging
the capacitor ofter the desired number of steps has been
generated. A simplified example is shown in Fig. 3-2. When
the switch is closed the voltage will rise at the normal RC
charging rate as in curve AL If the switch is closed in o series
of short, equal intervals, ¢ staircase waveform like that of
waveform B is produced. it is a very poor staircase wave-

R
AVAAY

i+

l

lI

form because the steps become progressively smailer as the
voltage across the capacitor increuses. To achieve o series
of equal-amplitude steps, the capgcitor charging current, and
hence the voltage acress the resistor, must be kept constant.

The diagrem of Fig. 3-3 shows a method of achieving this
end. it is called the Miller integrator. With the switch in
position 1, the plate of the pentede is at +100 volts, the
quiescent output voltage, and the charge on C177 is 101.5
volis.

When the switch is moved to position 3, C177 charges
through R1 and the grid of V171 tends to become more neg-
ative. But since o negative signal on the control grid reduces
the pfate current, the plate voltage increases, raising the
voltage at the top of C177. The coupling of this positive
change at the top of C177 to the contrel grid almost com-
plefely cancels the negative-going tendency of the control
grid. Since the dec gain of the pentode stage is very high,
the plate-veltage change is always very large compared to
the voltage change that occurs on the grid,

When the switch is moved o position 1, the charging pro-
cess stops and the tube returns to s initial condition, dis-
charging C177 to 101.5 volts,

Waveform A of Fig. 3-3 is the output waveform which re-
sults from moving the switch from position 2 to position 3 at
a regular rate. Note that this staircase waveform has steps
which are of equal amplitude, since C177 is charged at the
same rate whenever the switch is in position 3. Waveform
B is the corresponding grid waveform,

The circuit of Figure 3-4 is a modification of the one in Fig.
3-3, the only changes being the addition of a cothode foliow-
er between the plate of the pentode and the tap of C177 and
an additional switch position which permits the coupling of
negative-going pulses to the bottom of C177.

With the switch in position 1, the plate of the pentode is
again ab +100 volts; however, the output terminal {fop of
C177} will be about ground potential.

With the switch in position 4, and with no input pulses fed
into diodes V172A and V172B, the output vollage is constant
since the electrical path through C177 is incomplete, When

Fig. 3-2. Basic cireuit {o) for generating a step waveform (waveform B in (b}.
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SWITCH POSITIONS

23 2 3 2 32 32

Fig, 3.3, The bosic Miller Integrotor cirenit end the resvlfing plate and grid wave-

forms for linedr step operation.

o negative pulse is fed to the cathode of V172A, C142 trans-
fers o quantity of its charge to C177. As the negative in-
put pulse returns to its base level, V172A stops conducting.
V172B, however, begins to conduct heavily to restore the
charge on C142.

Because the Miller integrator keeps the voliage at the
bottom of C177 nearly constant, the same quantity of charge
is transferred to C177 with each pulse. The voltage steps
oceuring at the output are equal, because the voltage across
a capacitor is directly proportional fo ifs charge,

The changing charge on C142 is an important part of the
generation of steps. On waveform C, point “a” [between
negative pulses) shows the left end of C142 to be +150 volts.
Waveform B shows that at the same time, the junchion of di-
odes Vi72A and V172B is near ground. The charge on C142,
then, must be about 150 volts. As o negative pulse begins,
the left end of Cl142 is driven negatively toward --50 volts.
As the right end of C142 tries fo follow, V172A provides o
current poth for C177 and its charge is increased as shown
on waveform A, Since the capacity of C177 is about 7 times
as large as that of C142, the increase in voltage across C177,
15 volts is equal to 1/7 of the decrease in volluge across
C142. Because the Miller integrator keeps the bottom of
C177 at o constant voltage, the 15-volt step occurs at the
output and not ot the grid of V171,

Repetitive Triggering
The circuit of Fig. 3-5 is used to show the operation of the

Schmitt Trigger and the Hold-Off Cathode Follower, Their

®@E:

action provides ¢ repetitive display, since they cause C177
to be discharged and then permif the formation of steps to
proceed again in the same manner as described previcusly.

For our purposes, we think of the Schmitt Trigger os a
voltage-activated switch. In its operation, the entire current
through R156 in the cathode circuit is shifted from one sec-
tion of V155 to the other, When one side of V155 conducts
the other side is cut off.

Typical conditions for conduction are as follows: when the
grid voltage of V155A is above 42 volts, VI155A conducts;
when the grid voltage of V155A is below —58 volts, Y1558
conducts. When the grid voltage of V155A is within the
range from —42 to —58 voits, either tube section may con-
duct, but not both sections. The output of the trigger circuit
is at the plafe of V1558, The voliage ot this plate switches
between zero (V1558 cut off} and o negative voltage (V1558
conducting).

When VI55B is conducting, the diodes VI52A and V1528
are cut off becouse their plate voltages are more negative
than their cathodes. This condition permits the staircase gen-
erater to generate o stairstep waveform os described pre-
viously. As the output stairstep waveform rises, the cothode
voltage of V143B follows. When the cathode voltage {ond
the grid voltage of V155A) reaches —42 volts, the Schmitt
trigger will switch to its other siable state; that is, VI55A
will be conducting ond Y155B will be cutoff.

When V1558 is not conducting, ifs plate voltage will be at
ground potential, permitting diodes V152A and V1528 to con-
duct. As V1528 conducts, the grid of VI71 is clamped at
ground potenticl cousing the plate voltage to fall rapidly.
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Fig. 3~4. Modification of Fig. 3-3.

As the plate voltage of Y171 falls, the cathode veltage of
Y163A alse falls, discharging C177. The cathode of V143A
is prevented from going below ground potential by conduc-
tien of V152A. Because the Milier tube grid is clamped at
ground potential by VI152B, its plate voltage will quickly
reach an equilibrivm condition,

As the cathode voitage of V163A falls, so do the voltages
at the cathode of V1438 and the grid of V155A. If they go
more negative than —58 volts, V155A will be cutoff, V1558
will conduct, V1528 will no longer clamp the grid of the Mil-
ler tube, and the stepping process will be resumed.

~ Note that the cathode circuit of V1438 consists of a resistor
shunted by a capacitor. If V143B is driven below cutoff, the
rate of fall of the cathode voltage will be limited by the dis-
charge rate of C186 through R186. This fime-delay circuit
affects only relatively fast negative-going signals; positive-
going signals are not delayed. Ci80 emphasizes rapid

changes in the output signal at the grid of Y143B, and tends -

to compensate for the loading effect of C186 in the positive
direction.

The time delay in the negative direction is necessary to

allew C177 to be discharged to the peint where the output |

voltage of the Step Amplifier has fallen to the base level
before the Schmitt trigger reveris ond permits the stepping
process to be resumed,

Single-Family Triggering

On the circuit diogram of the Step Generator, notice the
section of switch SW145 which is shown near C143B. In the
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QFF position of SW145, o voltage divider formed by R184
and Ri86 fixes the grid voltage of VI55A to keep it in con-
duction. As a result, Y155B is cutoff, disebling the Staircase
Generator.

The display of a single family of curves requires that the
Schmitt trigger change to its other conduction state long
enough for the desired number of steps to be generated, then
revert to the OFF position condition, To stort the generation
of one stairstep waveform, the top of C144 is grounded by
depressing SW145 to the SINGLE FAMILY position. This
drops the grid of Vi55A about 50 volts, causing the trigger
circuit to change to its other state (V1558 conducting).

When V1558 conducis, V171 is no longer clamped and the
staircase generator is ready fo generate o series of voliage
steps. When the desired number of steps has been gener-
ated, V143B acts in the usual way to bring V1554 into con-
duction again.

Pulse Generator

The cireuit diagram of the step Generator shows the splif-
load phase inveriers, V104A and V124A, driven by sine
waves at the power-line frequency. The single angle be-
tween these signals is adjusted to 90 degrees by the RC net-
works R102/CT02 and R122/C122. The resulting waveforms,
A and B, gre shown in Fig. 3-6; the voltuges are approxi-
mate. The output of each phase inverter is rectified o pro-
duce a pulsating de waveform (C) (D} ot a frequency of 120
cps. The rectified outputs of the phase inverters are fed into
two pentodes (V104B and V124B) having @ common plate-

&
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Fig. 3-5. The complete stuirstep generator.

load resistor, The veliage at the commoen plate swings be-
tween the plate-supply voltage and ground because the volt-
age ot the input grids drive the fubes from below cutoff to
saturation. The frequency of these pulses is 240 per second
{or 4 times power-line frequency]. The first negative-going
pulse is extra wide because the pulse generator is disabled
by the clomping action of V163B during the time Y1558 is cut
off. A cathode follower {V143A) provides a low-impedance
output.

The upper limit of the pulses appearing et the cathode of
V143A, determined by the setting of the YOLTS/STEP ADJ,
is 150 volts, The lower limit, determined by R142/R143 is 50
volts.

Each negative-going pulse applied o the left side of C142
causes C142 to partially discharge inte C177. C142 recharges
through diode V1728 as the input pulse refurns to 150 volts.
The voltage across C177 increases 15 volis with each transfer
of chorge. The action of the Miller integrating circuit couses
this voltage increase to appear ot the top of C177. The volt-
age at the bottem of C177 remeins almost constant.

@®

Between puises, C177 has no discharge path and the volt-
age at the output of the Step Generator remains constant.

After the trigger has reverted to its initicl stare (V1558 con-
ducting}, V1638 and V152B no longer conduct and another
staircase waveform is generated in response to the pulses
applied o the left of C142,

Fig. 3-7 iliustrates the sequence of events occuring in the
generation of o staircase waveform. Voltoges shown are
approximate.

Step Amplifier

The voltuge gain of the Step Amplifier is less than one,
but the current gain is several thousand. The functions of the
Step Amplifier are os follows:

1. # permits selection of the size of the output steps {cur-
rent or voltagel.
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Fig. 3-6. Time relationships between the Step Generator output waveform ot key

points in the pulse generater section.

2. i regulates the size of the output steps {within limits)
to the value chosen by means of the STEP SELECTOR
switch.

3. It provides sither a positive-going or a negative-going
output waveform.

Figure 3-8 illustrates the role of the Step Amplifier in pro-
viding either voltage or current steps o the input of PNP
transistor.

The two positions shown on SW246, the STEP SELECTOR
switch, correspond to the volts-per-step and ma-per-step
ranges.

3-6

The Step Amplifier consists of three functional units; a cur-
rent-regulated power supply, a power-fransistor cutput stage,
and gn amplifier with o voltage gain of about one,

Qutput Stage

A transistorized power cutput stage is used to deliver the
output current of the Step Amplifier because of the relatively
large regulated currents which must sometimes be applied to
the input of the transistor under test. Since the Step Ampli-
fier must furnish high current of either polarity, o floating
power supply is used in the output stage.
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Fig. 3.7. Time relationships between the Step Generator ouipyt waoveforms (D)
and waveforms at key peints in the step generator section.

Fig. 3-2la) s o diagram of o transistor operating as an
emitter follower. Fig. 3-9ib} is the vecuum-tube equivalent
of the same circuit. Note thet in both cases the output
signal is in phase with the input signal. The average value
of the output voltage may be set to zero by proper biasing
of the input.

Fig. 3-10 shows how an out-of-phase signal centered around
ground can be obtained with the same general configuration.
Note that only the ground point has been moved. The tran-

@@

sistor is no longer operating as on emitter foilower, but as
an ordinary voltage amplifier. The 100-chm resistor is now
the collector load resistor,

The approximate positive and negative limits of the no-
load output voltage of Fig. 3-10 can be determined by con-
sidering the transistor as o switch which is either opened or
closed. When the switch is closed f{emitter and collector
shorted], the output voltage must be +15 volis. When the
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fig. 3-8. The Step Amplifier furnishes either current or voltage
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Fig. 3-9. The emitter-follower {a) operates the same as the cath-
ode-follower (b).

Fig. 3-10. By switching the output connections, the emitter-fol-
lower of Fig. 3-9 (u) becomes o collecter-ioaded amplifier.

switch is open {no current through the collector), the no-load
output voltage must be —15 volts.

The circuits of Fig. 3-9 {a) and Fig. 3-10 have maximum-
current limitations which are different. The circuit of Fig. 3-9
{a} can supply much more current in the negative direction,
{making the ungrounded end of the load resistance negative)

than it can supply in the positive direction (through the 100-
ohm resistor].

By the some method, it con be shown that the circuit of
Fig. 3-10 can supply much more current in the positive direc.
tion thon in the negative direction.
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Since the path of the higher current through the load in
both circuits was always through the upper battery, the upper
battery must be cble to deliver more current than that which
is required of the lower cne.

The drawing of Fig. 3-11 shows the electron-current flow
threugh the circuit components as the Step Generator drives
a load resistance in the negative direction, The lower battery
supplies onfy the current which flows through the 100-ohm
resistor. The upper battery must supply current to the load
as well.

- 100

Fig. 3-11. Electron flow through the transistor V253 circult when
negative-going steps are required.

Figure 3-12 is g simplified diagram of the output circuit of
the Step Amplifier. Note that the load resistance across the
output circuit is always the current-sampling resistor in series
with either a 1-ohm resister fvoltage steps) or the input of the
transistor under test {current steps]. The feedback paths go
directly to vacuum-tube grids and do not load the output
circuit,

The maximum current the Step Amplifier will deliver to
an external ioad is 2.4 amperes of either polarity [ma-per-
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Fig. 3-72. Simplified diogram of the ouwiput circuit of the S5tep
Amplifier.
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step positions of the STEP SELECTOR switch], However, the
characteristics of the externcl load must be such that the
volfuge drop across the external load resistance is no more
than 5 volts when the current through it is 2.4 amperes. At
lower currents, however, the 5-volt figure may be exceeded.

The simplified diagrams of Fig. 3-13 and 3-14 show the
operation of the entire Step Amplifier when delivering cur-
rent steps to the input of the transistor under fest. Current
regulation is accomplished by maintaining a constant voltage
drop across R246 for each step of the input voltage from the
Step Generator. That is, each time the input voltage is step-
ped 15 volts, the voltage drop across R246 should change
1/30 of 15 valts, or 0.5 valt, and remcin ot the new voltage
for the duration of the step. This will provide steps of con-
stant current proportional to the input voltage steps.

It would be a simple matter fo maintain @ constant voliage
across R246, proportional to the input steps, if the voltage at
the lower end of R246, {that is, the voltage at the input to
the resistor under test] were constant. In other words, if
we fix the voltage at the lower end of R246 at some poten-
tial, say ground, the voltage across R246 would remain con-
stant for the duration of each of the input steps, and would
change only when the input voltage steps from one level to
the next.

However, the lower end of R244 is connected to the input
of the transistor under test and not to a fixed reference.
When the collector sweep voltage is applied to the collector
of the transistor the voltage at the input of the transistor will
change and the voltage at the lower end of R244 will change.
In order to mainfain a constant voltage, the voltage ot the
upper end of R246 must change the same amount and in the
same direction as the voliage at the lower end. To accom-
plish this action the +1 Amplifier and the feedback loops

+300v - 100V
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R 222

— 150V

i i
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Circuit Description—Type 575

couple any voltage chonge af the lower end of R246 to the
ditierence amplifier V214-V224 which in tum, through the
cathode-follower V233A and the output amplifier V243- V253,
produces the same voltage change at the top of R246, Fig.
3-13 shows the circuit configuration when the POLARITY
swifch is set for o negative output. The eperation of the cir-
cuit will be explained in two parts; first, to show how the
voltuge at the top of R246 changes in proportion to the input
steps, and second, to show how the voltage at the top of
R246 changes as a result of any voltage change at the bot-
tom of R246,

Assume the input voltage changes from 0 to +15 volis
(I step). This tends to make the voltage ot the grid of V214
go in the positive direction, and the plote voltage to go in
the negative direction. The voltage at both the grid and
cathode of the cathode-follower V233A goes in the negative
direction, following the plate of V214, Q243 is an emitter
follower, so ifs emitter goes in the negative direction carrying
with it the base of Q253. Since Q253 is also connected as an
emitter-follower, for negative-polarity operation, its emitter
and hence the voltage at the top of R244 goes in the nega-
tive direction.

A positive step at the input wili therefore produce o nega-
tive step at the top of R246. This negative step also appears
at the lower end of R203, since this point is connected to the
top of R246. This means that as the top of R202 goes positive
the lower end of R203 goes negative. The amplifier and
feedback network therefore acts as a “teetertotier” circuit
that pivots about the junction of R202-R203; the grid of V214
is at virtual ground, or zero, potential,

Since the top of R203 is at ground pofential, the change in
voltage across R246, due to an input step, is equal to the
change in voliage across R203. R202 ond R203 make up o

Y 233A —_
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Fig. 3-13. Simplified diagram of the Step Amplifier for negative-going current steps.
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Fig. 3-14. Simplified dicgram of the Step Amplifier for positive-geing current steps.

30 to 1 divider; a 15-volt step in the positive direction at the
top of R202 will therefore produce a G.5-velt step in the neg-
ative direction across R246.

If the voltage at the lower end of R246 changes, the volt-
age ot the top of R246 must change the same amount and
in the same direction. This will insure that the voltage drop
across R244 is proportional only to the input step voltage.

The +1 Amplifier is o feedback amplifier whose gain is
just slightly greater than unity. The input impedance of this
circuif is very high, so that it does not load the input of the
transistor under test.

Let us assume that the voltage at the lower end of R244,
and hence gt the grid of V254, goes in the positive direction.
This will cause the cathodes of V254 and V264 to go in the
positive direction. The voltage af the plate of Y284 will then
go up carrying with it the voltage at the grid and cothode
of V233B. Because the gain of the circuit is slightly greater
than unity the change in voltoge at the cathode of V233B
will be slightly greater than thot af the lower end of R246,
but will be of the same polarity.

The output of V233B is applied to a divider consisting of
R273, R274 and R275. One tap on the divider couples al-
most all of the output voltage back o the grid of V264,
This couses the grid of Y264 to move in the same direction
as its cathode, and hence reduces the gain of the stage to
just slightly greater than unity, The gain of the -1 Ampli-
fier is therefore relatively independent of tube characteristics
and is determined almost entirely by the ratio of R273 to R274
- R2Z75,
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The resistance volues in the divider are chosen so that the
change in voltage at the top of R275 is the same as that at
the grid of V254 (the lower end of R246}. This positive-going
voltage at the top of R275 is then applied to the grid of
V224, and the cathodes of V224 and V214 go in the positive
direction. This causes the voltage at the plate of Y214 fo go
up, and since there is no polarity shilt in V233A or the emit-
ter-foliowers, the voltage at the top of R246 will go up. Thus,
the voltage at the top of R246 follows any voltage change
that may occur at its lower terminal. This prevents any
change in the veltage ot the input of the transistor under fest
from affecting the current through R246, and provides for
steps of constant current into the input of the fronsistor,

¥ voliage steps are desired, R249 {not shown on Fig. 3-13)
is connected between R244 and ground. The current steps
through R246 and R24% then produce voltcge steps ocross
R249 which are coupled through the series resistor R248 {not
shown} to the input of the transistor under test,

When negative steps are required, the voltage steps af the
top of R246 must be reversed in polarity from those at the
input {positive-going steps are oiways applied to the input
of the Step Amplifier). The 180.degree shift in signal polarity
is accomplished in V214, since this stage is o plate-loaded
amplifier. And, since V233A is a cathode-follower and the
transistors are connected as emitter-followers, the pclarity
shift in V214 satisfies the circuit requirements.

When positive-going steps are required ot the top of R246,
however, the output of Y214 must be reversed in polarity.
This is accomplished by reversing the outpul cnd ground

®
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terminals in the Q253 circuit, Q253 is connected in the com-
mon emitter configuration, as shown in Fig. 3-14, and the
load resistor R243 is connected into the collecter circuit, With
this configuration V253 is a collector-loaded amplifier and
will produce a 180-degree shift in the signal polarity. This
will put voltage steps at the top of R246 in phase with input
steps (positive-going steps).

To compensate for the additional shift in signal polarity,
the grids of the difference amplifier V214-V224 must be
switched inscfar os the feedback loops are concemed. That
is, the grid of V224 is now connected to the top of R246 and
the grid of V214 is connected through R203 to the divider at
the output of the +1 Amplifier, Notice, in Fig, 3-14, that the
grid circuit of V214 is connected to the top of the divider ot
the cutput of the 41 Amplifier, while in Fig. 3-13 the grid
cireuit of V224 is connected to o fap on the divider.

Since the gain of the +1 Amplifier is just slightly greater
than 1, the voltage ot the cathode of V2338 is slightly great-
er than that ot the grid of V254. The voltage applied to the
difference amplifier from the 41 Amplifier must be equal to
the amount of correction needed to keep the voltage across
R248 constant. The resistance values in the divider at the
output of the -1 Amplifier are such that the voltage drop
across RZ75 is the same as the voltage ot the grid of V254,
This satisfies the requirements of the circuit, in Fig, 3-13,
where the feedback is applied directly to the grid of V224,
In Fig. 3-14, the feedback is applied to the grid of V214
through R203, and, since there is a voltage drop across R203,
the voltage ot the output of the +1 Amplifier must exceed
the required feedbock voltage by an amount egual to this
drop. For positive-polarity signals, therefore, the voltage at
the output of the +1 Amplifier must exceed the voltage at
the grid of V254 by an omount equa! to the drop across
R203.

CRT Deflection Amplifiers

The dicgram of the Vertical and Herizontal Amplifiers in-
clude a simplified diagram of most of the switching related
to these amplifiers. The purpose of the simplified diagram
is to help you understand the relationships between the Verti-
cal and Horizontal Amplifiers and other parts of this instru-
ment. Accordingly, this discussion will include switching in-
formation.

The circuits of the Vertical and Horizontal Amplifiers cre
quite similar. Both consist of three difference amplifiers in
cascade, A difference amplifier, or cathode-coupied phase
inverter, rejects any signal applied to both input grids, re-
sponding only to a voltage difference between the input
grids. The gain of the difference amplifiers in the Type 575
is stabilized by negative-feedback paths from the plates of
the output amplifier to the opposite cathodes of the input
stage.

The ranges of the YERTICAL and HORIZONTAL switches
are shown in capital letters. Only a few of the positions in
the COLLECTCOR MA, BASE VOLTS, and COLLECTOR VOLTS
ranges are shown, In the following paragraphs, the signal
paths to the Vertical and Hovizontal Amplifiers will be traced
for each renge of the corresponding switch,

B@E:
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Collector MA Display

Collector current is displayed on the vertical axis only.
The collector current is proportional to the voltage drop
across a current-sampling resistance. This veltege is fed di-
rectly to the control grid of V454, the other input to the verti-
cal amplifier being grounded. One volt myst be developed
across the current-sampling resistance to couse a full-scole
vertical deflection of ten majer divisions. In all switch po-
sitions within the COLLECTOR MA range, the Vertical Ampli-
fier works at a reduced constant goin. This reduced gain,
one-tenth of maximum, is accomplished by inserting a resis-
tonce of about 10K chms, R447 in parallel with R432B, be-
tween the cothodes of the input stege. R432B is located on
the detailed switching diagram.

Base Volis

In the BASE VOLTS position of the VERTICAL switch, the
control grid of V454 is grounded and o signal from the base
of the transister under test is fed 1o the control grid of V444,
The sensitivity of the Vertical Amplifier is varied by changing
the resistance between the cathodes of V454 and V444,
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Fig. 3-15. With this configuration an accurate dispioy of coilector
current  {Vert, Amp.) and collector voltoge (Horiz. Amp.) is ob-
tained.

Collector Voits Display

The diagram of Fig. 3-15 shows the method used 1o solve
the problem of presenting an occurate disploy of both col-
lector current and collector voltage at the same time, Discus-
sion of this dicgrom does not necessarily apply to corres-
ponding parts of the Type 575. Note that two aitenuators
are used and that the horizontel display of collector voitage
is obtained by using the common-mode rejection featyre of
the Horizontal Amplifier. As shown in Fig. 3-15, the Horizon-
tal Amplifier amplifies only the voltage difference existing
between its input grids.

Alse note that the true current-sempling resistance is made
up of the 10.25-K resistor and the attenuator in parcilel
with if.

Low-Voliage Power Supply

Plate and filament power for the Type 575 is furnished by
@ single power transformer Té01. The primary windings may

3-11



Cireuit Description—Type 575

be connected in perollel for 105- to 125-voit operation, or in
series for 210- to 250-volt cperation,

The three regulated supplies furnish voltages of —150-
volts, +100 voits and -+300 volts, The +300-volt supply
also has an unregulated output of about 400 volts for the
oscillator tube in the high-voltage supply for the crt.

Reference veliage for the —150-volt, full-wave power sup-
ply is estoblished by o voltage-regulator tube V449, This
tube, which has a.constent voliage drop of about 85 volts,
is connected between the —150-volt bus and the grid circuit
of V644A, one-haif of a difference ampiifier. The grid po-
tential for the other holf of the difference amplifier, V644E,
is obtained from a divider consisting of R662, Ré64 and R666.
The --150-V ADJ, R644, determines the percentage of total
voltage appearing ot the grid of V644B and thus determines
the total voltage across the divider. When this contral is pro-
perly set, the output voltage is exactly —150-volts.

The operation of the circuit can be explained by assuming
the cutput voltage tends to change. For example, assume the
loading on the supply tends to make the outpuf voltage go
more negative. The voltage at the grid of V644A will go
aegative the same amount as the oufput, since the voltage
ocross the voltage-regulator tube is always constant. The
voltage at the grid of Y444B will go negative only a pro-
portionate amount, however, since this grid obtains its volf-
age from the divider, an error voliage will then exist between
the two grids of the difference amplifier, which will be in o
direction to moke less current go through the left side and
more current through the right side.

The voltage at both the plate of V644B and the grid of
V657 will then go in the negative direction, which will cause
the voltage af the plate of V457 to go in the positive di-
rection. The change in voliage of the plate of V657, which
will be in a direction to compensate for the change in the
output voltage, is coupled through the rectifier to the cutput
end forces the output voltage back to ifs established value
of —150 volts,

C644 and Cé55 improve the ac response of the feedback
loop, thereby increasing the response of the circuit fo sudden
changes in output voltage.

The -1-100-volt supply uses silicon rectifiers in a full-wave
bridge circuit. Reference voltage for this supply is obtained
from the regulated —150-volt supply. The voltage divider
R636-R638 establishes a voltage of essentially zero at the
grid of V624, {The actual voltage at this grid is equal to the
bias required by the tube). If the loading should tend to
change the output voltage, an error signal will exist at the
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grid of V624, The error signal will be amplified and inverted
in polarity, and will appear af the grids of the parallel cath-
ode-followers V&27A and V&427B. The cathodes will follow
the grids and will force the output voltage back to its estab-
lished valve of 4100 volts. Cé30 improves the response of
this circuit fo sudden changes in output voltege,

A small sample of the unregulated bus ripple will appeor
at the screen grid of V624 through Ré24. The ripple signal
appearing at the screen {which acts as an injector grid) will
produce a ripple component at the grids of Vé27 which will
be opposite in polarity to the ripple appearing at the plates
of V627. This tends to cancel the ripple at the cathodes,
thereby reducing the ripple on the 100-volt bus. The same
circuit also improves the regulation of the supply in the pre-
sence of line-voltage varigtions.

The operation of the regulator circuit in the --300-volt
supply is the same as that in the --100-volt supply.

CRT Circuit

A 30-ke Hartley oscillator circuit furnishes epergy for the
two half-wave power supplies that provide accelerating po-
tentials for the crt. The maoin components of the oscillator
circuit are V810 and the primary of T80 funed by C809.

V812 supplies about +2400 volts for the post-deflection
accelerating helix, V822 supplies abcut 1850 voits to a
divider to provide the grid and cathode potentials, The
other end of the divider is connected to the regulated +300-
volt bus. The —1700 V ADJ control R816 determines the
total resistance in the divider and hence the total voltage
across the divider. When this conirol is properly set, the
voltage af the test point will be exactly —1700 volts,

The accelerating potentials are kept constant by regulating
the supplies by comparing o sample of the negative high
voltage to the regulated —150-valt supply. This sample of
the negative high voltage is obtained from a tap on the di-
vider {the junction of R816 and R818) and is applied to the
grid of an amplifier YB04A. The cathode of this tube is con-
nected to the —150-valt regulated supply. If the negative
supply tends to drift, an error signal eppears of the grid of
V804A. The error signal is amplified by V804A and VB04B,
and produces a change in the screen voltage at the oscillator
tube, This varies the amplifude of the oscillator output in @
direction to compensate for the change in output voltage.

The positive high-voltage supply is regulated indirectly, as
the output of both supplies is proportional to the oscillator
output.
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