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INTROPUCTION 

U-TECH 
MODELS 681,682, and 683 

CHARACTERISTIC CURVE TRACERS 

Before accepting the instrument from the shipper, examine the package for external damage. External 
damage of any nature must be noted by the shipper and receiver and the proper insuring agency 
notified. Upon unpacking the instrument, examine it carefully for any dents, scratches, broken knobs 
or connectors. If damage is observed, save shipping carton, and do not use the instrument until so 
instructed by the insuring agency. 

The U-TECH Models 681 and 682 Characteristic Curve Tracers are both plug-in units designed for use 
with Tektronix Oscilloscopes, Type 560 series and Type 530, 540, 550, and 580 series, respectively. 
U-TECH Model 683 is a console unit designed for use with an X-Y oscilloscope. All units have the 
capability of displaying characteristic curves of solid state devices. Each model will display the 
dynamic characteristics of both NPN and PNP transistors, N Channel and P Channel junction/MOS 
FET's, diodes and many others. 

All models are designed to operate from a 115V ±._ 10%, 50/60 Hz power source. Do not connect the 
instrument to a power source with an inadequate voltage rating. 
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OPERATING INSTRUCTIONS 

Before attempting to operate the unit the user should familiarize himself with its use and controls by 
completely reading this section. Since the unit can be damaged by misuse and the warranty voided by 
such misuse, it is imperative the user knows how to use it properly. 

To become familiar with the unit the following description of the controls is given. 

TEST TERMINALS: These terminals are used to connect the device under test to the active portions 
of the curve tracer unit. 

Collector Terminal (RED)· This terminal supplies power to the tested device. This power is 
adjustable by the collector voltage switch, collector voltage control, and collector series 
resistor. The polarity of this power is reversible by the collector polarity switch. The 
horizontal output is connected directly to this terminal; therefore, the horizontal amplifier 
indicates the voltage present on this terminal. The only current return path for this voltage 
is the emitter terminal. 

Emitter Terminal (BLACK)· This is the central ground point for both the oscilloscope and 
the plug-in unit. The current displayed on the vertical is an indication of the current flowing 
from this terminal to the collector power supply. Since the base generator is referred to 
ground, the base current does not flow through this path; therefore, it is not indicated on 
the vertical display. 

Base Terminal (BLUE)· This terminal supplies a constant current of adjustable amplitude 
by means of the base current switch, and a reversible polarity by means of the base polarity 
switch. This current is supplied in three* equal steps at a frequency which is in 
synchronization with the collector voltage frequency. 

COLLECTOR CURRENT SWITCH: This switch selects the current range to be viewed on the vertical 
scale of the oscilloscope. The current that is sampled is that which is flowing through the collector 
power supply circuit. 

BASE CURRENT SWITCH: This switch selects the amount of current which each of the three steps 
will represent when applied to the base terminal. 

COLLECTOR SERIES RESISTOR: This switch inserts a resistor in series with the collector terminal 
and the power supply. The purpose is twofold: 

a. It acts as a limiting resistor to prevent damage to the device under test. 

b. It provides a visual load line of the device characteristics. 

*Note: The base drive generator is set at the factory (3 steps) but can be adjusted to almost any 
number by adjusting R70 in the calibration procedure. If any number other than three is used, 
the calibration of the base drive current will not be accurate. 
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CAUTION: The 10 ohm, 50 ohm, and 100 ohm resistors can be damaged by applying a 
large voltage at a high current. To prevent this, keep the collector voltage as low as needed 
for a complete display. 

CAUTION: When the collector series resistor switch is in the 0 ohm position, a short across 
the collector to emitter terminals may destroy the series regulator transistor in the collector 
power supply if the collector voltage js set hjgh. There is a fuse in this circuit to prevent this 
condition, but in extreme cases, the transistor may fail prior to activation of the fuse. 

COLLECTOR VOLTAGE CONTROL: This control adjusts the voltage of the collector power supply 
from zero to approximately 50 volts. The exact voltage is dependent upon the line voltage feeding the 
unit. Since this voltage is ahead of the collector series resistor, the voltage on the CRT display will be 
dependent on both the load and the value of this resistor. Even with a collector series resistor of 0 
ohm, the voltage will not be the same under high current conditions, because of the small but finite 
internal impedance of the supply. 

CAUTION: The collector voltage control should at all times reduce the trace on the CRT to 
a small circular spot. If the trace will not reduce beyond a short horizontal line (rather than 
a circular spot), this is an indication of the control transistor being over-heated. If this 
condition occurs, the unit should be turned off immediately and allowed to cool. Under 
normal operating conditions, this should not occur, but if operated for prolonged periods,-41-
low voltage and high current, a check for this small horizontal line (with the voltage control 
off) should be made at frequent intervals. 

VERTICAL POSITION CONTROL: This control is the same as that on any plug-in unit and simply 
adjusts the trace up and down. 

COLLECTOR VOLTAGE SWITCH: This switch adds 50 volts to the collector voltage which is then 
adjustable from 50 to 100 volts output. This switch in no way deteriorates the current capability of 
the unit. 

COLLECTOR POLARITY SWITCH: This switch reverses the polarity of the voltage on the collector 
terminal, and maintains the ground for the supply at the emitter terminal. 

BASE POLARITY SWITCH: This switch reverses the polarity of the base drive current without 
affecting the collector supply in any way. 

BASE VOLTAGE SWITCH: This switch converts the base drive generator from a current generator to 
a voltage generator with a 1 K ohm source impedance. For most applications 1 K ohm is low enough, 
but if a lower source impedance is desired, a resistor of the desired value can be placed across the base 
and emitter terminals to obtain the proper impedance. The voltage per step will change, but it can be 
calculated in ohms by knowing the current the base generator is putting out, and the value of the 
resistor. For example: assume a 10 ohm source impedance is required. The voltage per step is then: 
(E =I x R); E = 10 ohms x .01A = 0.1 v/step (with the base generator putting out 10 rna/step). The 1 K 
ohm resistor inserted by the base voltage switch may or may not be used in conjunction with the 
external resistor to obtain the desired impedance. 
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Since this is a 1 K - 1% resistor, it can be used in the calibration procedure (C1) in place of the 
precision resistor specified, merely by putting the switch in the VB position. The accuracy of the 
calibration will be affected to some degree but not enough to cause any problems in general testing. 

HORIZONTAL OUTPUT: This terminal connects to the horizontal input of the main frame. If other 
characteristics are desired other than common emitter, this terminal may be bypassed and the 
horizontal input of the main frame connected directly to the point from where the voltage is to be 
viewed. 

AC RECEPTACLE: Models 682 and 683. This receptacle supplies 115V AC; 50/60Hz to the unit. 
The third wire (ground) does not have to be connected because it is not connected internally. The 
reason is that the plug-in unit is already connected to ground through the third wire of the power 
supply in the main frame. It is, in fact, undesirable to have this third wire connected because it would 
cause a ground loop and unnecessary noise on the trace of the unit. 

CHECK OUT: The unit should now be checked out by going through the first.smum steps of the 
"Operational Check-Out" procedure. If it operates properly do not proceed further. Since the unit is 
checked and calibrated at the factory, no further calibration should be necessary. 

OPERATION: The unit is now ready for use. If little or no previous experience is available with a 
curve tracer, the following descriptions may be useful. 

Grounded Emitter: This is the most common of all transistor characteristics and appears as shown for 
a NPN type silicon transistor, figure 4. 

NO I N0.2 N0.4 

/.---1~---------t---- N0.3 

Fig. 4 
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This curve will be obtained by the procedure just followed. Comparison between the drawing and the 
actual curve will be helpful in recognizing the different portions of the curve. 

No. 1. This is the saturation region, and can best be seen with low horizontal voltage 
settings. This means that for any given collector voltage the same collector current results 
relatively independent of base current. This is the operating region when the transistor is 
used as a saturated switch. 

No. 2. This is the portion of the curve where the majority of transistors are operated. If 
these lines are perfectly horizontal, the collector current is a function of base current only, 
and independent of collector voltage, thus, making it a perfect current source. The slope 
present here is due to the leakage represented by No. 3. 

No. 3. Generally speaking, the lower this slope, the better the transistor. On most silicon 
transistors this leakage (represented by No. 3) is almost undetectable. 

This is also the region in which the gain (or hfe ) of the transistor is read. The gain read is in 
reality hfe , but since the frequency is only 240 Hz, it can be taken as HFE in most 
transistors. This gain is obtainocl by applying a known current to the base (adjustable by the 
base current switch) and reading the corresponding collector current on the vertical scale of 
the CRT screen, (this scale is adjustable by the collector current switch). Now, by dividing 
the base current into the collector current the hfe or,# can be obtained. 

No. 4. This portion of the curve is the breakdown region, and from it VcEO can be 
obtained by reading the voltage at which the lowest curve No. 3 passes through the specified 
current at which the breakdown is measured. 

If while measuring this portion, the set of curves start to move upward rapidly, the 
transistor under test is heating beyond its rated value, and can be burned out easily if left at 
that voltage. V CB can be measured by shorting the base and emitter terminals. 

GROUNDED BASE: This is another important characteristic which can be obtained if desired. This is 
done simply by reversing the base and emitter terminals of the test transistor to the test terminals. The 
base generator (which must be of reverse polarity) now supplies the emitter current. The collector 
voltage and current are read as before. In some cases a blurr of the trace will occur near the breakdown 
of the transistor. This is normal and difficult to prevent. It represents an oscillation due to the very 
high frequency response in this configuration, and the small lead inductance and capacitance is enough 
to form a tuned circuit (which then oscillates at an extremely high frequency). This same phenomenon 
can be observed in the negative resistance region of any tunnel diode characteristic. 

GENERAL: Almost any characteristic of any device can be obtained with this curve tracer with the 
addition of a little ingenuity. The primary method of obtaining uncommon characteristics is to switch 
the terminals around (including the horizontal input to the scope). In some cases, additional power 
supplies or transformers can augment the internal ones. It should be remembered that the unit can be 
damaged. However, as long as the current and voltage levels are kept low, no harm will come to it or 
the device under test. 
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TROUBLE SHOOTING 

Before proceeding with trouble shooting of Models 681, 682, and 683, the base frame of the 
oscilloscope should be checked by placing a good plug-in unit into the oscilloscope, when checking 
Models 681 and 682, to make sure the trouble is in the curve tracer and not in the main frame. 

1. Proceed with the steps outlined under the section "Operational Check-Out and Calibra
tion". 

2. If there is a discrepancy in step 6a of the "Operational Check-Out" procedure, look for 
the following problems: 

a. If the SPOT fails to move in the vertical direction, there is a problem in the vertical 
amplifier or vertical control of Models 681 or 682. 

b. If the SPOT fails to move in the horizontal direction, there is a problem in the 
horizontal amplifier in the main frame of the oscilloscope. 

c. If a horizontal voltage of approximately 50 volts appears, there is a problem in 
the collector power supply; probably a shorted output transistor. This could 
happen if the curve tracer is misused, or shorted externally. 

d. If no SPOT appears, but a shadow shows on the top or bottom of the screen, when 
the intensity is turned full-up, there is a bad component in the vertical amplifier of 
Models 681 or 682. 

e. If a horizontal line appears, but is not full 50 volts, there is a leaky transistor in 
the collector power supply, but it will not necessarily be completely bad.* 

3. If there is a discrepancy in step 7a of the "Operational Check-Out" procedure, the follow
ing problems should be looked for: 

a. If a vertical line appears there can be one of two causes. 

i. Remove the test transistor and if the vertical line persists this is a short in 
the unit, probably in the wiring of the test terminal. 

ii. If it disappears, it is an indication of an open connection to the horizontal 
amplifier. 

b. If a horizontal line appears but nothing else, first check to make sure R70 is in 
the center of it's rotation. If R70 is properly set, then the problem is either an 
inoperative base drive generator or a bad connection from it to the test transistor. 

*See operating instructions: CAUTION under COLLECTOR VOLTAGE CONTROL before 
trying to fix this problem. 
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4. If a raster of any type appears, and is controlable as previously described, the unit is 
operating properly and any discrepancies can be cleared up by carefully following the 
calibration procedure. 

5. If this does not solve the problem contact a U-TECH factory representative or a U-TECH 
manufacturer's representative for further information. 
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RECOMMENDED FACTORY PRODUCTION AND USER 
OPERATIONAL CHECK-OUT AND CALIBRATION OF MODEL 683 

GENERAL: Check-out and calibration of Model 683 is divided into three parts: 

A. Oscilloscope Calibration 

B. Operational Check-Out 

C. Base Generator Calibration 

All three parts are accomplished utilizing the following listed equipment: 

1. 1 K- .1% resistor or internal V 8 - I 8 switch. 

2. A power source: 

a. A D.C. variable power source if the Model 683 is to be used with a D.C. scope. 

b. An A.C. variable power source if the Model 683 is to be used with an A.C. scope. 

3. A calibrated meter A.C. or D.C. 

~ (Parts 2 and 3 are needed only if a calibrated oscilloscope is not available.) 

PROCEDURES: If a calibrated X- Y scope is available this first section (A) may be eliminated. 

A. OSCILLOSCOPE CALIBRATION 

1. Calibration of the D.C. Oscilloscope. 

a. Set the power supply for exactly 1.0 volt output by measuring with a D.C. meter 
that is calibrated. 

b. Apply this 1.0 volt signal to the oscilloscope vertical input. 

c. Adjust the gain of the scope to obtain exactly a ten division deflection. 

d. This gives a vertical sensitivity of 0.10 volt per division, which is the output 
calibration of the Model683. 

e. This calibration must be maintained at all times while the Model 683 is being used 
with the oscilloscope. 

f. Calibration of the horizontal portion of the oscilloscope should be accomplished 
in the same manner except that the voltage, at which it is calibrated, will vary 
depending on the voltage range to be measured with the curve tracer. In most 
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cases a calibrated horizontal is not required. If it is desired to measure the 
breakdown voltage of a device it is simpler to observe the break point on the 
scope and then determine that voltage by applying a power supply to the 
horizontal with a voltmeter connected to it, adjusting the voltage until it is the 
sameasthat observed, and reading this voltage off the meter. 

2. Calibration of the A.C. oscilloscope. 

a. This procedure is the same as that previously described in J~ through J.fJxcept 
an A.C. power source and A.C. meter are used. 

b. The primary difference is that the reading on the voltmeter is an average reading 
or a peak converted to R.M.S. reading, and that reading on the scope is peak, so a 
conversion must be made to compensate for this difference. 

B. OPERATIONAL CHECK-OUT 

1. 

2. 

Set Model 683 front panel controls as follows: 

a. lc : 1 ma/cm 
b. Rc : 1K 
c. lb : 0.01 rna/em 
d. Polarity switches: NPN, base +, Collector + 
e. Voltage Switch: 0 to 50V. 
f. Base Drive Switch: Current 
g. Collector Voltage Control: full counter clockwise. 

Horizontal and Vertical Inputs. 

a. Position: Center of rotation 
b. Input: D.C. Coupled (if possible) 
c. Voltage: 

Vertical: 0.1 v/div. 
Horizontal: 1.0 v/div. 

3. Connect vertical and horizontal inputs of oscilloscope to appropriate terminals on the Model 
683. 

4. Connect a 2N3566 to the transistor test station. 

5. Apply power to Model 683 by connecting line cord to panel face receptacle. 

6. A spot should appear somewhere near the center of the CRT screen. 

a. By adjusting the vertical and horizontal position controls, the spot should move 
"off scale" in any direction. 
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b. Any discrepancy in this step indicates a construction error or faulty component in 
the vertical amplifier, or wiring error in horizontal portion. 

c. If horizontal line appears on the screen, there is trouble in the collector power 
supply portion. 

1. Advance collector voltage control slowly (clockwise) until a raster appears on the screen. 

a. If this raster looks like a transistor characteristic (but may not hold 
synchronization) the unit is operating properly. Any movement of the display, 
results from lack of sync with the line and will be corrected later. 

b. If a horizontal line appears (and nothing else) the unit is improperly wired, or the 
base drive circuit is not working properly. 

c. If a vertical line appears, there is a short. 

8. The Model 683 is now ready for one hour ageing and stabilization prior to calibration. 

9. The sync control (R66) should be adjusted so as to obtain a stable display. Adjusting this 
control in both directions will reveal a manual range that gives stable display, and the 
control should be set to the middle of this range. 

C. BASE GENERATOR CALIBRATION: 

1. Connect a 1 K precision resistor (.1% or greater accuracy) between the base and emitter 
terminals of the test station. 

2. Connect oscilloscope Horizontal Input to the base terminal of the test station. 

3. Set horizontal voltage for .1 volt/em. 

4. Set Panel Controls as follows: 

a. Polarity: + 
b. I · Vb switch: I 
c. ffase current switc~: 0.2 rna/em. 

5. Position trace at the extreme left hand side and center vertically (a series of dots should 
appear). 

6. Adjust R70 until four dots appear. 

7. Adjust R 73 to the fu II counterclockwise position. 

8. "Zero" the left hand dot with the position controls and do not re-adjust during the 
remainder of the procedure. 
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9. Rotate R73 clockwise, slowly, until the "zero" dot moves to the right. Then, turn back 
(CCW) until dot is zeroed exactly. 

10. Adjust R7o so that the fourth dot (extreme right dot) intersects the 6 em line. 

If the display is not completely stable, it may be necessary to repeat the procedure described in 
paragraph 69. 

Steps 8, 9, 10 of section C cannot be performed on an A. C. coupled oscilloscope and therefore, 
should not be attempted unless a D.C. coupled oscilloscope can be obtained for these steps. 
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ABSTRACT: An all solid-state attachment unit for various 
types of standard oscilloscopes to enable them to perform the 
functions of a characteristic curve tracer for solid-state 
devices. The attachment may be modular, constructed as a 
plug-in unit for certain types of standard oscilloscopes so as to 
make use of available power, electronic capability, and display 
contained within such oscilloscopes, or it may be similar but 
containing a plug-in facility for a power supply auxiliary to 
those contained within the oscilloscope, so it can be used with 
certain other types of standard oscilloscopes not providing all 
the required power supplies, or it may be a completely 
separate console adapted for plug-in connection with a power 
source and with the vertical and horizontal amplifier inputs, 
respectively, of various other types of standard oscilloscopes 
that are not constructed to receive plug-in units. When con
nected with a standard oscilloscope, the attachment unit of 
the invention in effect constitutes an integral part of the oscil
loscope and provides augmented capability therefor, so as to 
make possible the visual display of characteristics of solid
state devices undergoing test. 
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3,573,618 
1 

SOLID-STATE CHARACTERISTIC CURVE TRACER 
ATIACHMENT FOR OSCILLOSCOPES 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
This invention relates to electronic test equipment generally 

known as "curve tracers" useful in research, design, and edu
cation for generating and displaying families of characteristic 
curves of various solid state devices, such as transistors, field 
effect transistors, diodes, etc., under varying conditions of 
polarity, load, and voltage, or single characteristic curves or 
portions thereof. 

2. State of the Art 
Heretofore, characteristic curve tracers have been available 

only as complete units of equipment of considerable size and 
cost. Utilization of standard oscilloscope capability for 
producing characteristic curves of electronic devices ha.'l been 
impractical. This has been true because of the high costs and 
large bulk involved to achieve the desired additional capabili
ty. 

SUMMARY OF THE INVENTION 

In accordance with the invention, solid state electronic cir
cuitry is utilized to provide curve tracing capability for exist
ing oscilloscopes. Unique power supply circuitry and polarity 
switching circuitry for items under test permit outstanding 
cost and size reduction. 

2 
FIG. 3, a corresponding block diagram of a similar plug-in 

unit designed for use with other models of"Tektronix" oscil
loscopes that do not have plug-in terminals for the 110 v. 
power supply necessary to power the base drive generator and 

5 collector power supply provided by the unit; 
FIGS. 4 through 7, equivalent circuit diagrams showing 

various circuit arrangements with respect to grounding under 
conditions of voltage and polarity switching of the collector 
power supply; 

lO FIG. 8, a family of typical characteristic curves of a test 
transistor as depicted by the curve tracer of the invention; 

FIG. 9, a representation of a typical staircase wave form 
produced by the step generator; 

15 FIG. 10, a superimposition of a sine wave on the collector 
voltage in a typical instance of operation of the system of the 
invention; · 

FIG. 11, a simulated trace of the combination shown in FIG. 
10; 

20 FIG. 12, a schematic diagram of the basic power source in 
the base drive circuit of FIG. 1; 

FIG. 13, a block diagram similar to those of FIGS. 2 and 3, 
but representing a system designed for use as a separate con
sole with oscilloscopes not constructed to receive plug-in 

25 units; and 
FIGS. 14-22, families of characteristic curves, respective

ly, obtainable by testing various other items in other configu-
rations than for FIGS. 8 and 11. · 

The power supply circuitry does not employ a bulky and ex-
30 

pensive autotransformer as voltage control means in ac
cordance with conventional practice, but utilizes a compact 
and inexpensive electronic voltage regulator and control. This 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

The detailed circuitry of FIG. 1 is merely illustrative of the 
invention in a preferred form applicable to a particular type of 
widely used and commercially available make of oscilloscope 
constructed to receive various plug-in units for different uses 

is possible as a practical matter because the unique switching 
circuitry within such power supply circuitry provides full volt- 35 
age for display purposes but considerably reduces the power 
dissipation requirements of the voltage control means by ef
fecting a voltage split. 

The polarity switching circuitry to accommodate both NPN 
and PNP transistors involves a system grounding arrangement 40 
whereby one terminal of the test station always remains at 
ground potential, irrespective of polarity mode or voltage 
range, and polarity reversal is accomplished by switch means 
in the power supply circuitry. The one terminal of the test sta
tion is the ground plane (voltage potential reference) for the 45 
complete system. 

There is preferably included a step generator having a dif
ferential amplifier supplied with positive feedback to generate 
a square wave form whose wave front is coincident with the 
zero points of the incoming sine wave. 50 

The step generator circuitry insures stability and repeata
bility, without requiring sophisticated precision circuitry. 
Thus, a differential amplifier with positive feedback is utilized 
to generate a square wave form having a wave front coincident 
with the zero points of the incoming sine wave. 55 

It should be noted that the voltage is linear and can be read 
directly from an appropriately graduated dial, rather than 
requiring comparison with preestablished curves. 

of the oscilloscope. As previously indicated, heretofore there 
has never been a plug-in unit capable of adapting the oscil
loscope for use as a characteristic curve tracer. 

As an aid in tracing through interconnections between com
ponent circuits, interconnected circuits are designated by the 
same letter within a triangle; also, plug-in connections pro
vided for plugging into the standard plug-in connections of the 
oscilloscope are indicated in the usual manner. Thus, a dia
gram indicative of the plug-in panel of the oscilloscope shows 
customary plug-in connections numbered 1 to 24, only some 
of which are actually utilized by the curve tracer plug-in unit 
of the invention. 

The simplified block diagram of FIG. 2 illustrates the cir
cuitry of FIG. 1 from the standpoint of the functions of the 
respective component circuits in the total system. 

The block diagrams of FIGS. 3 and .13 are illustrative of 
systems adapted for other types of commercially available 
oscilloscopes. Thus, while FIGS. 1 and 2 apply to current plug
in Models 561 A, 564, and 565 "Tektronix" oscilloscopes, and 
FIG. 3 to current plug-in Models 531A, 533A, 535A, 536A, 
534B, 544, 545B, 546, 547, 549, 551, 555, and 556 "Tek
tronix" oscilloscopes, FIG. 13 applies to other oscilloscopes of 

THE ORA WINGS 60 various makes that are not of plug-in type but that are pro
vided with both vertical and horizontai inputs . 

Shown in the accompanying drawings are specific at
tachment units presently regarded as the best modes of carry
ing out the invention with respect to various types of standard 
oscilloscopes. 

In the drawings: 
FIG. 1 is a circuit wiring diagram for an attachment unit 

designed for use with a current Model 561A, 564, or 565 "
Tektronix" oscilloscope as a plug-in unit which convert'! such 
an oscilloscope to a characteristic curve tracer for solid-state 
devices primarily, the several component circuits of the unit 
being individually segregated by broken lines; 

FIG. 2, a block diagram of the system of FIG. 1, the portion 
constituting the attachment unit being enclosed by broken 
lines; 

. The vertical amplifier of the plug-in unit of the invention, 
which replaces the one removed from the oscilloscope to 
make room for such plug-in unit, see FIGS. 1 and 2, or a 

65 matching one optionally and additionally supplied with the 
plug-in unit of the invention to give extra sensitivity, see FIG. 
3, or the one built into the oscilloscopes, see FIG. 13, provides 
both bias voltage and signal gain necessary to convert the cur
rent flowing through, for example, a transistor under test, see 

70 09, FIG. 1, into a form which will drive the vertical deflection 
plates of the oscilloscope. 

This conversion is accomplished with a sampling unit, see 
FIGS. 2, 3, and 13, which converts the current into voltage 
which can be amplified. With particular reference to the 

75 detailed circuitry of FIG. 1, the resistor which performs this 
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conversion is selected from those shown in the collector cur
rent switch, Sl, as RIO through Rll. By switching various re· 
sistors, the current range which can be measured by the plug-
in unit can be varied within limits determined only by the 
value of the resistors. 

Terminal N, FIG. 1, is grounded via terminal E of the test 
station, and, in the instance of the transistor Q9 having its 
emitter connected to terminal E of the test station, this pro
vides a return path for the collector current of such transistor 
Q9 through the selected sampling resistor (RIO to Rll) and 
out terminal G to the collector power supply. The sampling 
voltage, which is proportional to this current, appears across 
input terminals C and D of the vertical amplifier. By using two 
separate poles of the collector current switch Sl, the voltage 
drop across the contacts due to the collector current of Q9 is 
not added to the voltage across the sampling resistor. 

The voltage which appears across terminals C and D is the 
input to the matching vertical amplifier of the plug-in unit. As 
shown, this amplifier includes a differential amplifier compris
ing transistors 05 and Q6. Capacitor Cl filters out any high 
frequency signals and noise which would deteriorate the quali· 

4 
The regulator itself contains no capacitor, so the output fol

lows the fullwave rectified input. (The input is a constant full
wave rectified DC signal from Tl and CRl+CR3). This volt· 
age is divided with potentiometer Rll+Rl3, whose control 

5 knob of usual type (not shown) appears on the front panel of 
the unit for manual manipulation. The low power, variable 
voltage signal is fed to 08, and in turn to 07, which amplifies 
it to a high current capability signal. Since Q7 and 08 are in 
the emitter follower configuration, they have a very low out· 

10 · put impedance and the voltage is relatively unaffected by the 
load. With the usual power source, a · 60 cycle, fullwave, 
rectified, variable voltage source is the result. Rl3 performs 
the function of biasing the input signal up to compensate for 

15 
the VBE on Q7+Q8, so the output starts at the beginning of 
the potentiometer and not a quarter turn from the starting 
position. Rl4, Rl5, Rl6 all perform the function of insuring 
that the output goes to zero between each cycle. 

Since the ground is external to the collector power supply 

20 portio~ of FIG. 1, switch S4 ca.n be used to reverse the polarity 
appeanng across the test transastor. 

Terminals K and L tie to switch Sl. This is an adjustable se-

ty of the output signal with unnecessary noise. Transistors 03 
and Q4 provide a negative feedback into Q5 and Q6, respec· 
tively, which gives the differential amplifier a very high input 25 
impedance, and allows a low emitter resistance to be used and 
still obtain a current source output with very linear and stable 
DC operation. 

ries resistor (Rl7-R37) in the collector of09. It performs the 
function of limiting the power in both the collector terminal of 
the test station, and the series regulator Q7, as well as provid
ing a visible load line on the characteristic display ofQ9 when 
the device being tested is a transistor or the like. 

The overall operation of the circuits described are shown 
more clearly by the series of equivalent circuits of FIGS. 4-7. Since the emitters of Q5 and Q6 are at essentially the same 

voltage, resistance R8 can be varied to provide a fine gain ad
justment without upsetting the biasing of the amplifier. 

30 These equivalent circuits indicate a concept that is of primary 
importance to the operation of the unit. The emitter terminal 
of the test station, the current sampling resistor, and the verti
cal amplifier are, at all times, tied to the same common ground 
point. This circuit arrangement insures that, in the instance of 

Q 1 and Q2 are grounded base transistors of a very high volt
age type, which drive the vertical deflection plates of the 
C.R.T. connected to terminals A and B. Ql and Ql are biased 
above ground with Zener diode CRl to provide operating 
voltage for the differential amplifier (05, Q6, 03, 04), which 
drives them via the emitters. Power for the entire circuit is 
provided at terminals E and F, which are typically + 300 volts 
and -12.2 volts, respectively. A positive voltage at terminal R, 40 
in conjunction with Rl, provides a bias current for CRl. 

35 the transistor Q9 and of similar devices being tested, the base 
drive current is not added to nor displayed as part of the col
lector current. 

The horizontal amplifier of the oscilloscope (not shown), 
which displays the voltage across the collector of 09, is also 
connected to this same ground point, for example the niain 
frame of the oscilloscope, and cannot be disconnected. There
fore, in the illustrated instance, in order to display the true col
lector to emitter voltage, the emitter ofQ9 must be grounded. 

Since the current through load resistors Rl and R3, and 
thus the voltage across the deflection plates, is determined by 
the resistance in the emitters of Q5 and Q6, the position of the 
vertical trace is adjusted by varying this resistance via R9. 
With this method of adjusting the vertical position, only one 
potentiometer is required and there is no need for biasing the 
input above ground, which would upset the operation of the 
rest ofthe unit. 

45 
This circuit arrangement also allows the current and voltage of 
09, regardless of the type, to be displayed in the correct 
polarity without additional switching. 

Accomplishing all of these requirements simultaneously, is 
made possible by the unique combination of switching cir-

50 cuitry utilized in FIG. 1 and explained by these equivalent cir
cuits of FIGS. 4-7. The collector power supply is unique in that it replaces a 

very bulky, heavy, and expensive autotransformer required by 
conventional circuitry. For example, the output is essentially 
the same as that of an autotransformer, e.g. "Variac," with a 
four ampere capability. The continuous average current rating 
of the power supply is only two amperes, but, due to the 55 
characteristics of the current in the collector terminal of the 
test station, the peak current can go as high as four amperes 
without going over two amperes average. 

This power supply is also unique in that, instead of varying 
the voltage continuously from 0 to a maximum voltage, e.g. 
100 volts, it does it in a plurality of steps, e.g. two, 0 to 50 to 

The base drive generator generates the staircase wave form 
necessary to obtain a family of curves for display. In order to 
explain its operation, the operation of a conventional curve 
tracer must first be understood. For this reason, a brief ex
planation of the basic theory is given. 

A typical family of curves, as shown in FIG. 8, is obtainable 
by sweeping the collector with a full wave rectified 60 Hz. 
signal, while at the same time applying a constant current to 

60 the base of the transistor under test. 

1 00. This circuitry requires less power dissipation in the series 
regulator, which here takes the form of a cascaded emitter fol· 
lower comprising transistors Q7 and Q8. Without this cir- 65 
cuitry, for full swing, the transistor Q7 would have to be capa· 
ble of twice the power dissipation, e.g. 160 watts. By switching 
in steps, e.g. 50 volt steps, the maximum is only half the power 
(e.g. 80 watts) required by normal methods and circuitry. 

The horizontal signal represents the voltage between the 
collector and emitter, and the vertical signal represents the 
collector current for a given base current. Since the gain of the 
transistor is given in terms of current, the unit must measure in 
terms of current in order to be meaningful. In order to mea
sure the transistor gains, the collector current as well as the 
base current must be known. The method of measuring the 
collector current has already been described, and the base 
current is known because the base generator can be set accu-

The switching is accomplished by means of a switch S3 in 
the collector power supply. The low side of the output from 
the center tap of the transformer Tl ia awitched to an equal 
voltaae negative power aupply CR4 and CR5 (e.J. -50 volta). 
Thia applies a conatant voltaae to the load, and the reaulator 

70 rately for any current, here by selecting a proper resistor in the 
baae drive switch of FIG. 1. Since the gain of a transistor varies 
with current, it ia desirable to be able to display and measure 
thill variation. For thia reaaon, a family of curves is displayed 

adda volta&e ( e.J. 0 to SO volta) to that orthe load. 7 S 
Instead of juat a ainale curve. Thia allows the variation to be 
aeen and meaaured at aa many different points 11 there are 
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base current steps. The base steps are generated by forming a justed for the required number of steps to occur just before 
staircase waveform, and by converting it to a current which is the breakdown voltage of 018, and thus, when the next step 
fed to the base of the transistor. The waveform, indicated in occurs, the breakdown is reached before the pulse ends and 
FIG. 9 is generated by the circuitry ofthe base drive generator the capacitor is discharged at the very instant of zero voltage 
shown in FIG. 1, which is merely one form of circuitry for this 5 on the collector. Since the voltage on C8 is not completely 
purpose, and, here, is converted to a current by the unique discharged, a bias voltage is supplied by R69 and R73 to com-
base drive power circuitry of FIG. l. pensate for it. This voltage which appears on terminal W is ad-

For the display to be seen, the waveform must be in justable by R73 and serves the function of biasing the first step 
synchronization with the line frequency which is sweeping the at exactly zero. C6 is a bypass capacitor to furnish an AC 
collector. If the waveform is not in perfect synchronization, a I 0 ground for the circuit, which is biased at other than ground at 
distracting line will appear across the trace on the C.R.T. each all times. 
time the base drive generator steps to a new current. Also, if The power for this circuit is supplied through terminals R, 
the generator steps once each cycle of the line frequency, the F, U, and X. Rand Fare derived directly from power in the 
total trace will take l/ 15 of a second (with 60 cycle power) to 

15 
oscilloscope main frame. U and X are derived from Zener 

be completed, and will cause a distracting flicker. diode DlO in the base drive power circuit. 
These problems are overcome by generating a staircase This base drive power circuit performs two distinct func-

waveform of four times the line frequency (to eliminate the tions. It supplies power to the base drive unit, and it takes the 
flicker) that is exactly in synchronization with the. line (to staircase voltage generated in the base generator and converts 
eliminate a distracting line across the trace). A synchronized 20 it to either a positive or negative current of a precise variable 
signal, shown in FIG. 10, is superimposed on the collector value depending upon S7 and SS, respectively. 
voltage. The combination of signals results in a trace, shown in The basic current source in the base drive power circuit of 
FIG .. ll. Since the step is very rapid, those portions at the ends FIG. 1 is shown in FIG. 12 and comprises a voltage reference 
of the trace are almost invisible, and the beginning of the trace v. (which is, in actuality, the staircase voltage output from the 
is completely covered by the zero point. 25 base generator) applied to complimentary emitter followers, 

In the present instance, obtaining a synchronized staircase which, in turn, apply it to a reference resistor selected from 
voltage which is four times the line frequency is the special the resistors R38 to R49 supplied by the base drive switch SS. 
function of the base drive generator circuit of FIG. l. The line This combination determines a current I •. which flows both in 
frequency synchronizing pulse is generated by the high gain, and out of the circuit. By biasing this circuit above or below 
positive feedback, differential amplifier formed by 013 and 30 the base terminal of the test station, a current can be made to 
014. The positive feedback, accomplished by R58 and R59, flow in either the positive or negative direction depending on 
turns the differential amplifier into a square wave generator. the bias. The advantage of this circuitry is that only one 
This square wave is derived from the 6.3 v. AC signal obtained reference resistor is needed and no complex switching is 
from a filament transformer in the main frame via terminals S required. 
and T. Since the amplifier changes state only when the input is 35 Since the reference voltage v. is, in practice, a small capaci-
at zero, a pulse is generated each time the line voltage goes to tor C8, which, if the input impedance is low, would change its 
zero. This insures that the base step will occur only when the voltage when a load is applied, the input impedance of this 
collector voltage is also at zero. This square wave is· fed configuration must be very high. To accomplish the necessary 
through capacitor C4 and CS, and, in conjunction with R63 increase in impedance, transistor 011 is added, without af-
and R64, differentiates and forms very narrow pulses-one at 40 fecting the basic operation in any way. The remainder of the 
the positive crossover voltage and one at the negative eros- circuitry in the base drive power circuit accomplishes the 
sover voltage. Diodes Dl4 and D15 eliminate the positive put- function of biasing this current source above or below the test 
ses and allow only the negative pulses to be applied to R65. station, depending on the position ofS7. Terminals I and Rare 

015 operates as a free running pulse generator of approxi- supplied with a very high negative and positive voltage, 
mately four times the line frequency, the frequency being 45 respectively, from the main frame of the oscilloscope, which, 
determined by C7, R71, and R66. This frequency is adjusted in turn, supplies power to the entire base drive circuitry. R53 
to slightly greater than the line frequency multiple, so that the is a loading resistor to keep from unloading the power supplies 
incoming pulses occur before the unijunction 015 would nor- when in the "off' position. 
mally fire. The negative pulse going into R65 lowers the firing Diodes DlO and Dll, in conjunction with C2 and C3, form 
voltage, and causes a pulse to be generated at the output at ex- 50 two power supplies in series, which provide biasing for the 
actly the time the line voltage goes to zero. Since the frequen- current source as well as power for the base drive generator. 
cy is four times that of the line, a synchronization pulse occurs Resistor R52 bypasses the base drive generator current 
only at every other pulse output. This unsynchronized pulse is around D 11 to prevent overheating it. 
the one that causes a step at the peak of the collector voltage, 55 When the switch S7 governing base polarity is in the posi-
and since this is a very flat, broad voltage peak, the exact time tive direction, current flows through R55 to the positive side 
of occurrence is not critical. of DlO, through DlO, through Dll, and out D13 to ground. 

This pulse generated by 015 is fed to 017, an amplifier that D12 is reverse biased in this state. This forms two positive 
squares the pulse. R72 insures that 017 turns "on" and "off' power supplies in series, whose values are that of the reference 
rapidly and remains "off' between pulses. The amplitude of 60 voltage of DlO and Dll. The entire base drive generator is 
this square pulse is adjusted by R70 before it is fed to 016, above ground by the value ofDU, since its high side is tied to 
which is a voltage to current converter. This square current the low side of the generator. Also, since the current source is 
pulse from 016 is applied to C8 to form the staircase voltage, referred to the generator, it is above ground by this value. 
appearing at terminal V. Assuming no load on C8, the voltage Therefore, D6 and D9 are reverse biased, and current flows 
on it remains constant as long as 016 is turned off. When the 65 through D8 to the current source and out D7 to the base ter-
pulse is applied to 016, a current determined by R70 and R67 minal of the test station via terminal 0. Diode D9 remains 
flows into CS, causing the voltage to rise at a constant rate, reverse biased, with no current flow, as long the output volt-
until the pulse ends and the voltage on CS again remains con- age is less than its breakdown value. 
stant. When S7 is placed in the negative position, current flows 

As long as the incoming pulse is the same each time, the 70 from ground through D12, DlO, Dll, and out R54 to the 
amount of increase in voltage on C8 will always be the same. negative supply. This forms two series power supplies, which 
This voltage will continue to rise in steps as described, until are biased negatively with respect to ground, and place the 
the breakdown voltage of018 is reached. At this point, it will base generator and the current source below ground by the 
fire and discharge C8 to some low voltage, so that the process value of DlO. The reference current now flows out the test 
can be repeated for the next cycle. The pulse amplitude is ad- 75 transistor 09 through D6 to the current source and out D9 to 
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the power supply. 07,08 and 013 are all now back-biased. oscilloscopes, comprising: 
Again, 08 remains reverse-biased, with no current flow. only means for generating a staircase waveform, said means in-
as long as the negative output voltage across 09 remains less eluding an isolation transformer for stepping down line 
than the breakdown of 08. voltage to a relatively low voltage sine wave, a differential 

In the test station, terminals are provided, as indicated by E, 5 amplifier having positive feedback for converting the low 
B, and C, for connection to the external test item, e.g. voltage sine wave to a square wave, a differentiator for 
transistor 09. The circuitry includes a switch S6 which con- converting the square wave to a pulse train, and means 
nects R50 across the base drive output terminals. This resistor for converting said pulse train to a staircase waveform; 
is used for calibrating the base generator and as a voltage means for applying said waveform to a test device to 
source output for high impedance loads, such as field effect I 0 produce a resultant waveform; 
transistors. means for converting said resultant waveform to horizontal 

Although the test terminals are indicated E, B, and C to and vertical waveforms suitable for feeding to the 
represent emitter, base and collector, respectively, it should horizontal and vertical terminals, respectively, of an oscil-
be understood that this merely orients the test station in terms loscope; 
of one possible testing procedure wherein an external test 15 respective means for feeding said horizontal and vertical 
transistor or the like, e.g. 09, is connected correspondingly, waveforms to the horizontal and vertical terminals, 
i.e. for testing in the grounded emitter configuration. If it is respectively, of an oscilloscope; 
desired to test such transistor or the like in the grounded base means for supplying power to said test device; n 
configuration, or in a variety of other configurations, the con- means for b, power to Jstaircase waveform generating 
nections between the test item and the test station are ap- 20 means; and 
propriately interchanged and appropriate changes are made means, including polarity selecting means, for supplying 
on the front-panel controls of the plug-in unit of the invention power to the stairca~e waveform applying means. 
and of the oscilloscope with which it is used, all as will be ap- 2. An attachment for oscilloscopes Jrecited in claim 1, 
parent to those skilled in the art. Resulting families of charac- wherein: K81 
teristic curves from the most important of such possible con- 25 the means for applying the staircase waveform to the test 
figurations are shown in FIGS. 14-23, respectively, it being device comprises a pair of complementary emitter fat-
understood that the family of curves resulting from the most lowers connected in series, means supplying a plurality of 
common configuration, i.e. grounded emitter, is shown by resistors for selective connection with said followers to 
FIGS. 8 and 11 considering the test transistor Q9 to be a NPN. produce a current output, and means for connecting said 

With respect to FIGS. 14-22, the curves shown in FIG. 14 30 current output to the test device in appropriate polarity; 
are for a PNP grounded emitter, those in FIG. 15 are for a and 
PNP grounded base, those in FIG. 16 are for a PNP grounded wherein the polarity selecting means of the means for sup-
emitter with base voltage drive, those in FIG. 17 are for a PNP plying power to the staircase waveform applying means is 
grounded emitter with base voltage versus collector current a multiple-acting electronic switch. · 
displayed, those in FIG. 18 are for a NPN grounded emitter 35 3. An attachment for oscilloscopes as recited in claim 1, 
with base voltage versus base current displayed, those in FIG. wherein the means for converting the resultant waveform to 
19 are for a NPN grounded emitter with base current versus horizontal and vertical waveforms comprises means supplying 
collector voltage displayed under saturated conditions those a plur~lity of resistors for selectively connecting the power 
in FIG. 20 are for a FET N channel with grounded ;ource, supplymg means for the test device to said test device and to 
those in FIG. 21 for a UJT emitter with grounded 82, and 40 the vertical waveform feeding means. 
those in FIG. 22 for a tunnel diode. 4. An attachment for oscilloscopes as recited in claim 1, 

Although detailed circuits are shown only for the plug-in wherein the means for feeding the vertical waveform to the 
unit represented by the block diagram of FIG. 2, those for the vertical terminal of an oscilloscope includes a vertical amplifi-
attachment units of the invention represented by the block er. 
diagrams of FIGS. 3 and 13 are essentially identical it being 45 5. ~n attachment for oscilloscopes as recited in claim 1, 
realized that for the unit of FIG. 3 the particular oscilloscopes wherem the means for supplying power to the test device, 
concerned require a vertical amplifier of a simpler type than comprises a pair of DC power supplies, electronic means for 
shown in FIG. 1 and the addition of a transformer for supply- c~mtrolling one of s~id DC power supplies, and means for ad-
ing 6.3 v. ACto terminals SandT of the base drive generator, dmg the other of smd DC power supplies to the electronically 
and that for the unit of FIG. 13 no vertical amplifier is 50 controlled power supply. 
required and a complete set of power supplies is required. 6. ~n attachment fo~ oscilloscopes as recited in claim 5, 

When the transformer T1 is one that operates on 50 or 60 wherem the electromc controlhng means comprises a 
cycles, the attachment unit of the invention can be used on cascaded emitter follower, and voltage adjusting means ar-
either a 50 or a 60 cycle power source. ranged to drive said emitter follower. 

In the specific form illustrated in FIG. 1, the means for sup- 55 7. ~n attachment for oscilloscopes as recited in claim 1, 
plying power to the staircase waveform generating means also wherem the mea~s for supplying power to the staircase 
constitutes the polarity selecting means of the means that sup- wave~orm generatmg means also constitutes the polarity 
plies power for the staircase waveform applying means, and, selectmg means _of the power supplying means for the staircase 
furthermore, in such instance, also constitutes the power waveform applymg means. . 
supply for the staircase waveform applying means. Nonethe- 60 8. ~n attachment for oscllloscopes as recited in claim 1, 
less, it should be realized that both such pohuity selecting wherem the mea_ns for supplying P?wer to the staircase 
means and such power supply for the staircase waveform ap- waveform_generatmg means also constitutes the power supply 
plying means can be provided in forms independent of the for the statrcase waveform applying means. 
means for supplying power to the staircase waveform generat- 9. ~n attachment for oscilloscopes as recited in claim 8, 
ing means, within the normal skill of the art. 65 wherem the means for supplying power to the staircase 

Whereas this invention is here illustrated and specifically wavefo~ ge~erating m~ans comprises a static DC power 
described with respect to the details of a preferred form suppl_y mcludmg ~ner dtode means arranged to regulate and 
thereof, it should be understood that other structural details to swttch the apphed DC voltage. 
may be employed without departing from the inventive sub- 10. _An attachment for oscilloscopes as recited in claim 1, 
ject matter particularly pointed out by the claims which here 70 wherem the several components are mounted within a sup-
follow. portin_g structure constructed to be plugged into a plug-in type 

I claim: of oscilloscope. 
1. A solid-state, characteristic curve tracer attachment for 

75 
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William G. Dilley
Architectural Engineering 
Government Service

William G. Dilley played a creative role in American ballistic systems 
development, then founded his own company for the manufacture of 
advanced electronic equipment. Some of his major contributions to the 
missile program remain classified; others include a system for the Thor 
vehicle that reduced countdown time by 50 percent. He designed, 
manufactured, and supplied international timing signal converters for all 
missile launch complexes at Vandenburg Air Force Base. He was responsible 
for determining the data required from airborne launches, for designing the 
instrumentation with which they were obtained, for reduction of the data, and 
for other steps in the process.

Mr. Dilley also conceived and was responsible for the design, development, acquisition, and operation 
of the first fully instrumented test facility for intercontinental ballistic missile systems in the free 
world.

Leaving government service, he founded his own firm for the design and manufacture of electronic 
equipment. Spectra Sonics, of Ogden, Utah, has become a leading designer and manufacturer of 
sound augmentation equipment, recording studio equipment, and electrical apparatus such as solid-
state characteristic curve tracers. Spectra Sonics sound equipment is used by the Denver Symphony.

Mr. Dilley was born in Sterling, Colorado, and graduated from North High School in Denver. His 
engineering career at CU was interrupted for three years of World War II service as a fighter pilot and 
flying officer. He earned the Distinguished Flying Cross, the Air Medal with nine Oak Leaf Clusters, 
the Belgian Fourraguerre medal, and other decorations, escaping when his P-47 fighter plane was shot 
down over France. He returned to CU to earn the B.S. degree in architectural engineering in 1951.

Mr. Dilley has published more than 250 engineering papers and technical articles and is the holder of 
14 U.S. and foreign patents. Colleagues pay tribute to his ingenious and inventive mind.

An aviation enthusiast and business pilot, he holds U.S. and world aircraft speed records.

He and his wife Jean live in Ogden. They have a son, Gregory, and a daughter, Kay.
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