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SECTION 1
CHARACTERISTICS

General Information

The Tektronix Type 452 50Q Dual-Trace Sampling Unit is
a vertical channel plug-in unit for the Type 661 Oscillo-
scope. The Type 452 has a risetime of 0.1 nanosecond or
less. It is capable of presenting accurate single- or dual-
trace displays of repetitive high-speed signals with fraction-
al nanosecond risetime. By taking successive samples of a
repetitive signal, each sample at a slightly later time with
respect to the previous sample, the system reconstructs the
signal on a relatively long time base.

Characteristics

Input Impedance

50 ohms ==1%. Passive and cathode follower probes are
available for higher input impedance at reduced sensitivity.

Risetime

0.1 nsec or less, measured between 10% and 90% ampli-
tude points.

Deflection Factors

Calibrated steps of 25, 2, 10, 20, 50, 100, and 200 mv/cm.
Accuracies: DISPLAY switch at NORMAL, =#25%; at IN-
VERTED, +3%. 2mv/cm is automatically smoothed 40%
to 509%. SMOOTHING control still operates in addition to
the fixed smoothing. An uncalibrated VARIABLE control
with a 3:1 range permits decreasing the deflection factor of
each setting of the MILLIVOLTS/CM switch setting. The
25 mv/cm factor can be decreased to about 2/3 mv/cm.

Dynamic Range

Input signals as high as +1 volt or —1 volt (not ==1-
volt = 2 volts) may be viewed without overloading the
system. Safe short-time overload, plus or minus 10 volts dc.

Noise

At deflection factor of 5mv/cm, SMOOTHING control
at NORMAL, MODE switch at A ONLY, B ONLY, or A
VERT. B HORIZ: noise is not greater than 4 mv peak-to-
peak. With MODE switch at DUAL TRACE or ADDED
ALGEB: noise is not greater than 5mv peak-to-peak. With
SMOOTHING control fully counterclockwise; noise is typi-
cally less than 1.5mv peak-to-peak.

Triggering
External to Timing Unit Only.

Operating Modes

A Only, B Only, Dual Trace, Added Algebraically, and
A Vertical-B Horizontal (X-Y operation). The dual-trace
switching frequency is approximately 50 ke.

Rejection ratio for Added Algebraic mode is 40:1 or bet-
ter when each channel is driven with a 1-volt flat-top pulse
and the deflection factor is 50 mv/cm, each channel. At

200 mv/cm, Added Algebraic Mode, a 4-cm identical signal
in each channel will produce an 8-cm display, ==1.5mm.

Display

Normal or Inverted, permitting the addition or subtrac-
tion of dual-trace displays. Valuable in X-Y displays for
observation of hysterisis loops, or for inverting the phase
of signals in or out of an amplifier for phase compari-
son. Inverted operation can add an additional 1% to 2%
error to the deflection factors. With the Type 661 vertical
signal outputs at zero, at 200 mv/cm, the trace will not
shift more than 0.5 cm when switching the DISPLAY switch.

Smoothing

Each channel SMOOTHING control permits- reduction of
time jitter and random noise. Valuable when operating
at lowest deflection factors. At 200 mv/cm, the trace will
not move more than 1.5cm while rotating the SMOOTH-
ING control.

Dc Offset

The dc component of a signal may be offset up to ==1
volt (with a five-turn control) to either bring a display back
onto the crt, or to make an incremental measurement.

Signal Outputs to Type 661

(The Type 661 signal output terminals are connected
directly to the plug-in unit circuits through the interconnect-
ing socket.) The signal output voltages are within 3% of a
1-volt signal applied to the input connectors when the
deflection factor is 200 mv/cm. (Does not include crt display.)
Output impedance is 10k, ==2%.

Dot Slash

The sampling dot vertical stability is such that no drift
is visible when triggering at a rate above about 150 cps. At
a triggering rate of 50 cps, the dot drift will not exceed
0.2 cm.

Co-Channel Time Coincidence

Dual-trace display of a fastrise pulse will produce no
more than a 20-picosecond time difference between chan-
nels.

Probe Power

Two front panel connectors permit operation of Tektronix
cathode-follower probes.

Mechanical

Aluminum-alloy chassis with six plug-in circuit boards.
Photo-etched anodized panel.

Dimensions
Height 7 inches, width 87/, inches, depth 14 inches.

Weight
8 pounds.
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SECTION 2
OPERATING INSTRUCTIONS

CAUTION

ALWAYS TURN OFF THE OSCILLOSCOPE
POWER BEFORE INSERTING OR REMOVING
PLUG-IN UNITS.

General Information

The Type 452, when operated in a Type 661 Oscilloscope,
is a dual-channel servo-type, slide-back sampling system.
Each channel contains a sampling gate and rachet memory.
The sampling principle is essentially that of an error signal
device that corrects a memory output voltage each time a
sample is taken. An external trigger pick-off or other source
of triggering signal is required by the associated timing
unit.

A minimum deflection factor of about 2/3 mv/cm may be
employed to view low-level signals or portions of signals
with a peak-to-peak value up to 1 volt. High resolution
amplitude measurements may be made on any waveform,
or any part of a waveform, through the use of the ==1-volt
DC OFFSET control. A front-panel terminal permits voltmeter
measurements of the offset voltage, at 100 times the inter-
nal #+T1-volt maximum signal offset value.

At minimum deflection factors, random noise can be re-
duced by the use of the SMOOTHING control. Smoothing
will not significantly affect the display risetime, but will
reduce noise if each sample taken represents only a small
increment of the total signal amplitude.

FUNCTIONS OF FRONT-PANEL CONTROLS AND
CONNECTORS

MODE Switch—Selects one of five operational modes.
A ONLY: Only Channel A is displayed.
B ONLY: Only Channel B is displayed.

DUAL-TRACE: Both channels display separate signals
simultaneously, switched between them at about 50 kc.

ADDED ALGEB: Both channels are combined to display
the algebraic sum or difference of two signals as a single
trace.

A VERT. B HORIZ.: With Type 661 SWEEP MAGNIFIER
at X1, Channel A controls the vertical deflection and
Channel B controls the horizontal deflection. Permits X-Y
operation at full bandwidth.

VERT. POSITION Control (Both Channels) Permits moving
the trace about 10 centimeters vertically.

MILLIVOLTS/CM Switch (Both Channels) Selects the desired
vertical deflection factor. For example, with the MILLI-
VOLTS/CM switch at 100, each major division of vertical
deflection corresponds to 100 millivolts of applied signal.
Smoothing (about 50%) is automatically applied at 2S
mv/cm.

®

VARIABLE Control (Both Channels)}—Three-to-one range
uncalibrated VARIABLE control makes possible a decreased
deflection factor at each position of the MILLIVOLTS/CM
switch. Minimum deflection factor is then about 2/3 milli-
volts/cm.

SMOOTHING Control (Both Channels)}—A gain control in
the servo amplifier that permits reduction of random noise.

Time and amplitude noise may be objectionable when
operating at minimum deflection factors or maximum sweep
rates. This is important when making documentation photo-
graphs. The SMOOTHING control reduces the loop gain
of the automatic slideback feed-back system to allow
random noise reduction. (See “Sampling Notes", Tektronix
publication number 061-557, pages 5 and 6, for additional
information about using the SMOOTHING control.)

To test for proper operation of the SMOOTHING con-
trol, change the timing unit SAMPLES/CM switch a factor of
2 or 25 and observe the amount of display change. If
the change is insignificant, the SMOOTHING control is
not substantially affecting the dot transient response.

DC OFFSET Control (Both Channels)}—Applies an internal
signal offset voltage of —1 to 41 volt. May be used to
effectively cancel a dc component in the presence of a small
ac signal. Permits a chosen portion of the waveform to re-
main relatively fixed on the crt when the vertical deflection
factor is changed. By monitoring the voltage at the OFFSET
MONITOR jack, highly accurate display voltage-difference
measurements can be made. See the procedure for using
the DC OFFSET control on page 3-2.

OFFSET MONITOR Jack (Both Channels)—The voltage at
this jack is 100 times the offset voltage applied to the
vertical signal. Useful for making voltage-difference meas-
urements of all or part of the displayed signal. By posi-
tioning a display with the DC OFFSET control, the differ-
ence between two voltage levels can be accurately mea-
sured.

DISPLAY Switch (Both Channels)—In the NORMAL posi-
tion, the crt display has the same polarity as the applied
signal, + up and — down. Placing one DISPLAY switch
at 4+ and the other at —, the MODE switch at ADDED
ALGEB. permits the difference of two signals to be present-
ed as a single trace.

INPUT 50Q (Both Channels)}— 50Q GR Type 847 connector
for applying the input signal. Each channel has its own
50Q termination, sampling bridge, and feedback system.

PROBE POWER Jack (Both Channels)}—The PROBE POWER
jacks provide heater and plate power for Tektronix cathode-
follower probes.

A-B BAL.—Screwdriver adjustment of the Channel A gain.
(Channel B gain adjustment is internal) The A-B BAL.
control permits the gain of Channel A to be adjusted
=+10% to equal the Channel B gain. Useful when making
common mode and/or differential measurements.
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Operating Instructions — Type 452

Signal Outputs To The Type 661 Oscillo-

scope

The Type 452 has two auxiliary output signals (in addition
to the regular vertical signals to the crt). The two outputs
are connected internally to the Type 661 front panel and
are available at the connectors labeled SIGNAL OUTPUTS,
VERT. A and VERT. B, both at 200 mv/cm through 10k. Ex-
ternal loading of the signal output leads will not disturb
normal sampling operations or the crt display. The two
auxiliary outputs are for use by external analog paper
recorders or oscilloscope monitors.

PRELIMINARY INSTRUCTIONS

The caution at the beginning of this section and on the
front panel of the Type 661 (TURN POWER OFF BEFORE
INSERTING OR REMOVING PLUG-IN UNITS) must be

observed.

Since the Type 452 50Q Dual-Trace Sampling Unit is part
of a complete sampling system, we suggest that you read
the operating instructions section of the Type 661 Oscillo-
scope and the Timing Unit Instruction Manuals before
proceeding.

Installing the Type 452

With the Type 661 power off, begin plug-in insertion by
placing the gray locking latch perpendicular to the oscillo-
scope front panel, then push the Type 452 as far into the
cell as possible. Move the locking latch flush to the panel
to complete the plug-in insertion, locking it in place.

To remove the plug-in, first turn off the power, then
move the gray locking latch perpendicular to the front
panel and withdraw the unit.

Connecting a Signal

The Type 452 is designed with 50-ohm transmission line
input circuits. This permits extending the input terminals
a reasonable distance while maintaining the same input
characteristics. A 50-ohm signal source can drive a 50-ohm
cable directly from a distance of several feet. Avoid using
long cable lengths to minimize high frequency losses.

If it is necessary to use other than 50-ohm cables, suit-
able matching devices should be used to couple between
the cables or inputs that have different characteristic im-
pedances. The signal to be displayed may be connected to
either INPUT 50Q connector. Both are GR Type 874 50-ohm
connectors and should be mated to a 50-ohm cable with
the same type connector.

Another factor that may be important is the signal veloc-
ity of propagation within coax cables. This is especially
important when making time-difference measurements be-
tween two signals in dual-trace or X-Y operation. In such
cases, the signals should travel through cables of identical
time delay in order to preserve their time relationships.

Special Tektronix signal probes are available that permit
relatively high impedance measurements of nanosecond
signals. Two forms are available for use with the Type 452:
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two moderate resistance passive probes, and a 10-megohm
(at dc) cathode-follower probe. A brief description follows.

Passive Probes

Two Tektronix passive probes designed for use with the
Type 452 are the P6034 10X Probe and the P6035 100X
Probe. Both are small, permitting measurements in minia-
turized circuitry.

The P6034 10X Probe places 500 ohms and less than 0.8
pf in parallel with the signal source. The 500 ohms drops to
about 300 ohms and the capacitive reactance drops to
about 450 ohms at 1000 mc. Probe risetime is less than
100 picoseconds, 10% to 90%.

The P6035 100X Probe places 5000 ohms and less than
0.7 pf in parallel with the signal source. The 5000 ohms
drops to about 2000 ohms and the capacitive reactance
drops to about 450 ohms at 1000 mc. Probe risetime is less
than 200 picoseconds, 10% to 90%.

Both probes can withstand momentary voltage peaks to
500 volts. The 500-volt rating is not always available be-
cause of a high-frequency power restriction. The power
rating for both probes is 0.5 watts up to 500 mc. Voltage
derating is required at higher frequencies for both probes.
Dynamic characteristics and curves are presented in the
probe instruction manuals.

Cathode Follower Probe

The Tektronix P6032 Cathode-follower Probe is a high-
impedance, high-frequency probe for Tektronix sampling
systems. It is equipped with seven plug-on attenuators that
provide attenuation ratios of 10X to 1000X. The probe must
be operated with an attenuator, and the attenuation ratios
are that of both the attenuator and probe combined. The
P6032 Probe has a risetime of less than 0.4 nanosecond,
and a basic 3-db upper frequency response of 850 mc for
all attenuator heads. Input resistance is 10 megohms at dc,
dropping to about 100 ohms for the 10X head and about
2000 ohms for the 1000X head at 1000 mc. The attenuator
parallel capacitance ranges from 1.3 to 3.6 pf, depending
on the particular attenuator, and the capacitive reactance
drops to about 100 ohms at 1000 mc.

The advantage of the cathode-follower probe is the
high input resistance and low capacitive loading at mod-
erate frequencies. Dynamic characteristics and curves are
included in the P6032 instruction manual.

Other Signal Coupling Methods

A good method for coupling fractional nanosecond
signals from within a circuit is to design the circuit with a
permanent 50-ohm output terminal. When not testing (with
a 50-ohm cable to the Type 452), a 50-ohm terminating re-
sistor can be substituted for the test cable. If this is not
possible, be sure the circuit is not heavily loaded by the
signal probe. The probe should be equally responsive to all
frequencies within the limits of the system. In constructing
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Operating Instructions — Type 452
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Fig. 2-1. Parallel probe method of signal coupling.

signal probes, it is advantageous to use Y,- or Vs-watt
resistors since their small size aids to obtain good high
frequency response.

Figs. 2-1 and 22 show two coupling methods. In the
parallel method (Fig. 2-1), a resistor (Ry) is connected in
series with the 50Q input cable to the Type 452. R, + 50
ohms is then placed across the impedance in the circuit
under test. A reasonable maximum circuit loading might
be when the total resistance of R, plus the 50-ohm input
of the Type 452 is 5 times the impedance in the device
(R. in parallel with Z), requiring only 20% correction. The
ground lead must be very short. The physical position of R,
will affect the fidelity of the coupling. This method usually
requires use of an amplitude correction factor to the display.

In the series coupling method (Fig. 2-2), the 50-ohm input
of the Type 452 replaces the impedance in the circuit under
test. If the replaced impedance (shown as R,) is more than
50 ohms, place a resistance in series with the cable input
to the 452. The size of this resistance, plus 50 ohms, should
equal the original impedance in the circuit. If R. equals 50
ohms, you can simply substitute the cable to the Type 452
input with no additional series resistance. It is best to

locate R, in the original position of R. and ground the
coax where R was grounded. When not testing, a 50Q
resistor can replace the 50Q cable.

A variation of the parallel method is the reverse termi-
nated network shown in Fig. 2-3. This system is highly
versatile and may be reasonably used across any imped-
ance up to about 200 ohms. At higher source impedances,
circuit loading will require more than 20% correction. The
0.01-uf capacitor in the probe network blocks any dc com-
ponent and protects the resistors. Use of the 0.01 uf capaci-
tor is optional.

The two 100Q resistors (in Fig. 2-3), placed directly across
the cable input, serve to reverse-terminate any small
reflections due to imperfect connectors, cables, attenuators,
etc. If signals of short duration are to be observed, the
reflections may occur off the osilloscope time-base (to the
right) and will not be seen. Or if reflections of a few percent
are unimportant, then the two resistors can be deleted
with a two times increase in signal. In general, the two
100 @ resistors are needed only when observing signals at
high gain, and when a small reflection will distort the
display.

Zo
AAYAY — |
Re :
|
508 COAX TYPE 452
f\}
RLXRg +508 R. 508

L i

— — =

Fig. 2-2. Series probe method of signal coupling.
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Operating Instructions — Type 452
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Fig. 2-3. Reverse terminated probe method of coupling a signal from within a circuit.

FIRST TIME OPERATION

The Type 452 is part of a complete sampling system. A
first time operation procedure for the Type 661, Type 5TI,
and Type 451 is included in the Type 661 instruction manual;
it may be helpful if you read it before proceeding with
this information.

The first time operation description to follow is written
for dual-trace operation; it includes information that will
also allow proper single channel operation.

Dual-Trace Operation

The dual-trace feature of the Type 452 permits viewing
signals intfo and out of an amplifier or signals of differing
amplitude and time delay; but not signals of differing repeti-
tion rate or frequency unless harmonically related or
otherwise synchonously coupled. Connect the two signals,
preferably with equal delay coax cables, so the display
time difference will be that of the amplifier being tested
(see Fig. 2-4). Use the following procedure for setting up
the Type 4S2.

1. Set the MODE switch to DUAL TRACE.

2. Set the MILLIVOLTS/CM switches to the approximate
values for 3 or 4 centimeters of display on each chan-
nel.

3. Adjust the SMOOTHING control as required to reduce
random noise.

4. If the amplifier inverts the signal, you may wish to
place one DISPLAY switch to NORMAL and the other
DISPLAY switch to INVERTED.

5. If a signal has a dc component over 1 volt, be sure
to ac couple it at the input. The rms input should
not exceed 5 volts.

Triggering the Sampling System

The Type 452 has no internal trigger takeoff system.
Therefore, an external trigger signal must be applied to the
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timing unit. Two basic forms of trigger signal source are:
(a) an in-line trigger takeoff system, such as available in
the Tektronix Type 110, or (b) an external trigger output
signal from a pulse generator, such as found in the Tek-
tronix Types 105, 107, or 111.

To complete the dual-trace operation, set the timing unit
controls as follows (it is assumed you are using a Type
5T1):

1. Set the TRIGGERING SOURCE switch to EXT. and the
POLARITY switch to the polarity of the triggering signal.

2. Select a sweep rate to display two or three cycles
of the signals. If unknown, start at 10 nsec/cm.

3. Set the SAMPLES/CM switch to 50. This can be altered
to suit your display as soon as step 6 is completed.

4. Set the TIME DELAY control to zero. It can be set later
to bring the proper signals into view on the crt.

5. Set the RECOVERY TIME to MIN.

6. Set the THRESHOLD control to hold off the sweep
(ew +, ccw —). Rotate the control toward zero to
obtain proper triggering.

7. If triggering difficulties appear, establish whether the
the trouble is due to: (a) insufficient or too much
amplitude, (b) too high or too low a rate of change
of trigger signal, or (c) interference due to recovery
time. The cause can usually be found by operating
the THRESHOLD, SWEEP TIME/CM, and RECOVERY
TIME controls. Inability to hold off the sweep signifies
too large a trigger signal; in this case use a coaxial
input attenuator. If advancing the THRESHOLD control
causes the sweep to free-run before obtaining a stable
display, the triggering signal amplitude is too low.

If confused triggering results, establish whether the
problem is high repetition rate by means of the
SWEEP TIME/CM control. If it is, then a trigger count-
down circuit may be needed. For sine waves, the basic
5-mv, 2-nsec pulse rating requires at least 10 mv
peak-to-peak below about 250 mc. External synchron-
izing operates to over 1000 mc; operating above 1500
mc may result in sweep distortion due to high-frequen-
cy feed-thru. If confused triggering results, and moving
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Operating Instructions — Type 452

5 nsec
Type 110 charge
line
© d
5 nsec 5 nsec
cable Ol cable
L
All cables
RG-8A/U
Signal 60 nsec
Type 113
5 nsec
cable Attenuation
as required
500 Load
In Out

O

A Amplifier

7
X10 Probe

e

X10 or X100 Probe

Equal delay

5-10 nsec cables

5-10 nsec
cable

External trigger

1
Type 66 Type 5T1
Atten.
as req'd.
Type 452

Dual

Trace O

A B

Fig. 2-4. Pulse testing an amplifier using Tektronix Types 452, 5T1, 661, 110, 113 and P6034 or P6035 Probes.

the SWEEP TIME/CM control establishes that the
signal has a low rate of change (for example, sine
waves below about 200 kc), then increase the trig-
gering signal amplitude. If confused triggering results
in the form of multiple traces, try operating the RE-
COVERY TIME control while varying the SWEEP TIME
/CM switch. A combination of recovery time and
sweep rate can be found which will produce a stable
display except at low frequencies. The object is to time
the signal with respect to the recovery of the trigger
circuits to prevent premature retriggering. This is
accomplished by having the signal interval of opposite
polarity to that selected on the trigger POLARITY
switch to provide supplementary hold-off.

If making time or voltage measurements directly from
the crt it is usually advantageous to align the display with
the appropriate vertical or horizontal graticule markings.
The graticule can then serve as a scale from which to make
either time or amplitude measurements.

With the aid of the DC OFFSET control, any point on a
waveform within 1 volt of ground can be made to stay
relatively fixed on the crt independent of vertical sensitivity.
The VERT. POSITION control will then place that portion of
the waveform wherever desired within the vertical limits of
the position control. Remember: The VERT. POSITION con-
trol is a ==5-cm control. The DC OFFSET is an input ==1-volt
control.

1
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SECTION 3
APPLICATIONS

Voltage Measurements

Vertical displacement of the crt trace is directly propor-
tional to the voltage at the Type 452 INPUT 50Q connector.
The amount of displacement, for a given voltage, can be
selected with the MILLIVOLTS/CM switch. To provide suffi-
cient deflection for best resolution, set the MILLIVOLTS/CM
switch so the display spans a large portion of the graticule.
Also, when measuring between points on a display, measure
consistently from either the bottom or top of the trace so
as not to include the width of the trace in your measure-
ments.

To make a voltage-difference measurement between two
points on a display, proceed as follows:

1. Using the graticule as a scale, note the vertical deflec-
tion, in divisions, between the two points on the display.
Make sure the VARIABLE control is in the CALIBRATED
position.

2. Multiply the divisions of vertical deflection by the
numerical setting of the MILLIVOLTS/CM switch and the
attenuation factor (if any) of an attenuator or probe. The
product is the voltage difference between the two points
measured.

As an example, Fig. 3-1 shows 2.4 divisions of deflection
between two points on the display. With the MILLIVOLTS
J/CM switch set at 50, multiply 50 by 2.4 (the amount of
deflection) for a product of 120 millivolts. This is the voltage

at the INPUT connector of the 452. Now assume there is a
10X attenuator in the cable between the INPUT connector
and the signal. To determine the signal voltage at its
source, multiply 120 millivolts (the voltage at the INPUT
connector) by 10 (the attenuation factor). The product of
1200 millivolts (1.20 volts) is the voltage at the source.

If desired, you can measure the instantaneous (or dc)
voltage-to-ground of a signal. This is accomplished in the
same general manner as described previously. However,
with no signal applied, you must first establish a ground
reference point on the crt. To do this, allow the timing unit
to present a free-running trace. Then, vertically position
the trace so that it is exactly aligned with one of the
horizontal graticule lines. This assumes no vertical shift in the
trace baseline due to unequal duty cycle of an ac coupled
pulse train. The actual graticule line selected will be largely
determined by the polarity and amplitude of the applied
signal. After this point, make no further adjustments with the
VERT. POSITION control. Once the ground reference is
established, apply the signal and measure the voltage in
the same manner as described previously. Use the estab-
lished ground reference as the point from which to make
all measurements.

If the applied signal has a relatively high dc level, the
ground-reference point and the actual signal may be so
far apart that one or both will not be in the viewing area
of the graticule. In this case, refer to the following discus-
sion regarding Dc Offset Voltage Measurements.

bl
T

Amount of
deflection

+
+

-+~

{ | /

-+ S
Amount of Setting of Voltage at
deflection X MILLIVOLTS/CM switch = INPUT 50 Q connector
24vm X 50mv/cm = 120 mv

Fig. 3-1. Peak voltage measurement
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Applications — Type 452

Dc Offset Voltage Measurements

The Dc Offset voltage allows you to cancel the effects of
a relatively high (up to =1 volt) dc voltage in the presence
of a low ac signal amplitude. Also, by measuring the offset
voltage at the OFFSET MONITOR, you can determine the
instantaneous voltage-to-ground at any point on a signal,
or its peak-to-peak amplitude.

Voltage measurements made with the Type 452 and
Type 661 system can be far more accurate than normal
oscilloscope crt display resolution. The DC OFFSET control
permits measuring any point on a waveform within =1 volt
of ground.

Procedure for using the DC OFFSET control:

1. Obtain the desired display through normal operating
procedures.

2. Position the bottom of the waveform (or part thereof)
to the graticule centerline. Use either or both the VERT.
POSITION and DC OFFSET controls.

3. Measure and record the voltage at the OFFSET MON-
ITOR jack with a high impedance voltmeter.

4. Using only the DC OFFSET control, position the display
top (or other part thereof) to the graticule centerline.

5. Measure and record the voltage at the OFFSET MONI-
TOR jack with the voltmeter. The difference between the two
offset voltages, divided by 100, is the display amplitude in
volts at the INPUT connector. If the input includes an at-
tenuator, the signal source voltage is then the final offset
voltage times the attenuation. The accuracy of the meas-
urement is that of the two offset voltage measurements,
and is not affected by the Type 452/661 system.

Phase Measurements

A complete cycle of a sinusoidal waveform is 360
degrees. Using this fact it is possible to calibrate the oscillo-
scope display directly in degrees per centimeter by means
of the SWEEP TIME/CM controls on the Timing Unit. For
example, if the SWEEP TIME/CM controls are adjusted
so that one cycle of the input signal covers 9 centimeters,
each centimeter then corresponds to 40 degrees. Under this
condition the display is calibrated at 40 degrees per centi-
meter.

It is therefore possible to measure phase angles by: (1)
calibrating the display in degrees per centimeter; (2) measur-
ing the displacement between corresponding points on the
two phases; and (3) multiplying the displacement by the
number of degrees per centimeter. The relative amplitude
of the two signals does not affect the phase measurement
so long as the signals are both centered vertically about
the centerline.

It is necessary to provide an external triggering signal
from the reference signal since the Type 452 has no trigger
takeoff system.

In making phase measurements it is very important that
the width of the trace is not included. Measurements must

consistently be made from either the top or bottom of the

trace. The height of the display should be made as large
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as possible to improve accuracy. Accuracy of the measure-
ment also depends to a large extent on how well the wave-
forms are centered vertically about the center-line of the
graticule.

X-Y Phase Measurements

The following is a procedure for measuring phase dif-
ference between two sine waves of the same frequency.

1. Set the front-panel controls of the Type 452:

MODE Switch A ONLY
DISPLAY Switches NORMAL
DC OFFSET Controls Midrange

2. Apply each sine wave to an INPUT 50Q connector
through identical electrical lengths of coaxial cable.

3. With the Type 661 SWEEP MAGNIFIER at X1, set the
triggering controls of the Timing Unit for a stable display
showing at least one complete cycle.

4. Adjust the following Channel A controls, as required,
to obtain a vertically-centered 4-division display:

MILLIVOLTS/CM
VARIABLE

DC OFFSET
VERT. POSITION

5. Set the MODE switch to B ONLY and repeat steps 3
and 4 using the Channel B controls.

6. Set the MODE switch to A VERT. B HORIZ.

7. Using the Channel A VERT. POSITION control and
either the Channel B DC OFFSET control or the Type 661
(HORIZONTAL) POSITION control, center the display on
the graticule (both vertically and horizontally).

8. The display at this point may be an ellipse. (Note:
If the display appears as a diagonal straight line the two
sine waves are either in phase or 180° out of phase; if
the display is a circle, the two sine waves are 90° out of
phase. In any case, these instructions still apply.)

9. Measure the distance of A and B on the display as
shown in Fig. 3-2. A divided by B equals the sine of the
phase angle between the two sine waves.

Algebraic Addition or Subtraction of Signals

The algebraic sum or difference of two signals is dis-
played on the crt when the MODE switch is in the ADDED
ALGEB. position. The sum of the signals is obtained with
both DISPLAY switches set in the same position. The signal
difference is obtained with the DISPLAY switches set in
opposite positions.

In some applications, the desired signal is superimposed
on an undesired signal such as line frequency hum or
other coherent noise. The ADDED ALGEB. position of the
MODE switch makes it possible in many cases to improve
the ratio of desired to undesired signal. Connect one input
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Fig. 3-2. X-Y method of calculating phase difference (0) between two sine-waves.

to the source of signal plus undesired information. Connect Another use of the added algebraic mode is for exact
the other input to a source containing only the undesired coax cable length matching. A short pulse fed to two
signal. Place the MODE switch in the ADDED ALGEB. input cables in parallel, one display inverted, permits
position. Set the DISPLAY switches so the undesired signal quickly setting their two lengths equal. If the lengths are
is viewed with opposite polarity. By careful adjustment of not equal, there will be a pulse displayed. Depending
the MILLIVOLTS/CM and VARIABLE controls, the amplitude upon its polarity, you can determine which cable is either

of the undesired signal display can be reduced to permit too long or too short. As the cables are made equal, the
getting valid information from the display. pulse disappears. '
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SECTION 4
CIRCUIT DESCRIPTION

General Information

Most circuits in the Type 452 are on plug-in subchassis.
The main frame contains only the sampler circuit, controls,
interconnections, and cables. You may wish to refer to
the Tektronix publication “Sampling Notes”, publication
number 061-557, during the following discussion.

Block Diagram

The Type 452 simplified block diagram of Fig. 4-1 shows
each circuit in block form, with all front panel and internal
controls identified. Since the two channels are identical,
only the Channel A circuits are identified.

External trigger information to the Timing Unit starts
the sampling cycle. The Timing Unit sends command pulses
to the Type 452 Gate Generator. The Gate Generator
sends very short duration push-pull pulses to both Sampler
circuits, and slightly longer duration push-pull pulses to both
Memory circuits. The two sets of pulses from the Gate Gen-
erator connect first the sampling gates to the sampler ampli-
fiers, and then connect the AC Amplifier to the Memory
circuits.

Input signals travel through about three inches of 50-ohm
air line into the Sampler that includes the sampling gate
and sampler amplifier. The sampling gate is biased to
conduction by the Gate Generator as command pulses
arrive from the timing unit via J7. The sampling gate output
signal is a series of pulses, amplified by the sampler ampli-
fier, and coupled through the MILLIVOLTS/CM switch into
the Ac Amplifier. The Ac Amplifier (gain of about 200)
amplifies the signal and presents it to the Memory. The
Gate Generator biases a gate at the Memory input to
conduction as the signal arrives.

The Memory amplifies and stores the signal. The Memory
output is used by the Type 661 indicator to produce the
crt display and to set the input circuit to the voltage of the
signal at the time the sample was taken. (When the
SMOOTHING control is at NORMAL, the next sample
only corrects for any signal changes since the last sample.)
The Memory output signal to the Type 661 can be inverted
by a unity gain Inverter. The output of both channels then
pass through the Dual Trace electronic switch where either
or both are sent on to the Type 661.

Input and Sampler

The Type 452 input connectors are 50 ohm General Radio
Type 874 connectors. They assure maximum uniformity of
nput impedance and a quick mate universal system. The
input characteristic impedance is within 1% of 50 ohms.

The input system is shown in simplified form in Fig. 4-2.
The input and sampler are the heart of the sampling sys-
tem where the 0.1-nsec risetime performance is established.
The input termination is a disc type 50-ohm resistor R1001.
Located between the termination and the sampling gate is

a low resistance ', watt composition resistor, R1002.
Fig. 4-2 shows Cc between R1002 and ground, indicating
stray capacitance that helps compensate the input fre-
quency response. (If your interests are sine waves, leave
R1002 as factory installed. If interested in fastest pulse re-
sponse, remove R1002, but remember the effect will be
to produce about 10% overshoot to a 0.12-nsec risetime
pulse.)

Fig. 4-2 shows the sampling gate is normally reverse
biased a total of 4 to 5 volts. The relay contacts repre-
sent an equivalent method of applying forward bias to
the sampling gate. If the relay is closed momentarily, the
gate will be forward biased permitting the signal to be
applied to the sampler amplifier. The actual forward bias-
ing signal duration is slightly less than 0.1 nsec; so fast
in fact, that the series inductance of L1021 and shunt ca-
pacitance of Cs, combined with the 25-ohm source imped-
ance and the series 20 to 40 ohms of the gate, limit the
signal to the sampler amplifier grid to about 10% of the
input amplitude. Cs is stray input capacitance that stretches
the 0.1-nsec signal at the sampler amplifier input. Be-
cause only about 109 of the signal gets to the amplifier,
the sampling efficiency is about 10%.

The sampler amplifier has a very high input impedance
and a gain of about 7. Refer to the Sampler diagram at
the back of this manual (Channel A) during the following
discussion. The input tube, V1024, amplifies the signal and
couples it through a voltage divider to the base of Q1034.
Q1034 amplifies the signal and sends it to both the Ac
Amplifier subchassis and back to the cathode of V1024.
This action bootstraps the input grid assuring a high-input-
impedance stable amplifier. The Ac Amplifier, Memory, and
feedback loop are discussed following the Gate Generator
description.

Gate Generator

The pulses that gate the sampling diodes into conduction
are formed by a special snap-off diode, D1065, driven by
Avalanche transistor Q1064. The Avalanche transistor is
normally biased to cutoff by —3 volts from Zener diode
D1054. The collector voltage of Q1064 rests between +75
and +150 volts, as set by the AVALANCHE VOLTS control
[R1057). As the positive trigger pulse arrives from the timing
unit, Q1064 begins to conduct, soon reaching the avalanche
state and conducting very heavily. C1064, at the collector of
Q1064, initially prevents the collector voltage from falling.
Since the avalanche condition is heavy conduction regard-
less of bias, the emitter of Q1064 rises abruptly. The heavy
avalanche current lasts only as long as it takes to discharge
C1064. The avalanche current charges the L1065-C1065 net-
work so that it rings with a peak-to-peak amplitude of
several volts.

As C1064 discharges, the collector of Q1064 falls, send-
ing a negative-going signal through C1060 to the memory
gate amplifier. Thus, Q1064 avalanche acts first upon its
emitter circuit and D1065, then upon its collector circuit and
the Memory Gate ampifier, Q2054.

4-1
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Sampler Controls

The Gate Generator subchassis contains all sampler in-
ternal adjustments that control sampling efficiency and loop
gain; they are: AVALANCHE VOLTS, MEMORY GATE
WIDTH, A and B BRIDGE VOLTS, and A and B BRIDGE
BAL.

The A and B BRIDGE VOLTS adjustments set the amount
of sampling gate reverse bias (at least 4 volts). If the sam-
pling gate reverse bias is less, there is a chance that an
input signal greater than =2 volts might break through
to the sampler amplifier and distort the display.

The A and B BRIDGE BAL adjustments balance the samp-
ling gate reverse bias to assure equal positive and negative
signal linearity. Its effect upon the display is described in
the calibration procedure.

AC Amplifier

The AC Amplifier receives its input signal (pulses) from
the sampler amplifier through the front panel MILLIVOLTS/
CM switch, amplifies it 200 times, inverts it, and feeds the
memory circuit. The input dc level {to ground) is zero, and
the input resistance ranges from 25 ohms at 200 mv/cm to
1000 ohms at 5 dnd 2 mv/cm. The Ac Amplifier is made
up of two dc-coupled feedback amplifiers with a third dc

feedback path around the whole circuit. The '“outside”
feedback path includes the front panel SMOOTHING con-
trol that allows a gain reduction of about 4 to 1 to reduce
random noise. (When using SMOOTHING, the dot transient
response must be considered and sufficient number of
samples per centimeter obtained to make the display re-
sponse correct.) The outside feedback path is for dc stabil-
ization and does not act upon the main signal.

The signal pulses handled by the AC Amplifier are about
1 usec in duration. The amplifier output voltage can change
1.6 volts in about 0.1 usec. Normally the system causes
the output pulses to be less than 1 volt, but if the display
moves 8 centimeters in one sample, the output pulse will be
about 1.6 volts peak. The output impedance of the circuit is
low, so it can drive the memory input.

The gain of the first amplifier (Q1084 and Q1094) is
about 40 times when the SMOOTHING control (R1081) is
set to NORMAL (zero resistance). The gain is set by the
ratio of R1089 to R1083. When using full smoothing, the
gain is about 8 to 10, set by the ratio of R1089 to R1083
and R1081 (SMOOTHING) in series. The gain of the second
amplifier (Q1104 and Q1113) remains fixed at about 5, set
by the ratio of R1107 and R1096.

The frequency response of the first amplifier is fixed-
compensated by C1089. The second amplifier frequency re-
sponse is adjusted during calibration by C1107.

DIN3O
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+3V :
RI1232 D25 } |
] t
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V = T |
— 17V - |
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)} Y N | PAT W
AC | D113\
AMPLIFIER —— ———— — — — — — — — — - |
|
: MEMORY : |
I GATE GATE
' | GENERATOR AMPLIFIER TH3O
' |
| R2054 |
L - __ _
GATE GENERATOR SUB-CHASS!S

Fig. 4-3. Simplified memory gate.
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Memory

A simplified schematic of the Memory circuit is shown in
Fig. 4-3. The Gate Generator closes the Memory input gate
(D1130 and D1131) at the correct time of each sampling
cycle. The Memory circuit is a feedback amplifier with input
and feedback elements both capacitors. The input capacitor
is C1121, the feedback capacitor is C1132. V1133A is an
input cathode follower, Q1134 is the amplifier, and Q1141
is an output emitter follower.

The input impedance at the grid of V1133A acts as a
virtual ground because as the input signal changes the
grid voltage, the signal is amplified and applied back to
the input as negative feedback to cancel the original
change.

The action of the memory is to transfer a charge from
C1121 to C1132. The circuit between the AC Amplifier
output and the grid of V1133A looks like 150 ohms and
510 pf in series (when the memory gate is conducting). Thus,
as a signal appears at the AC Amplifier output, C1121 is
charged. C1121 tries to couple the signal to the grid of
V1133A, but feedback prevents the grid voltage from chang-
ing significantly; the result is for both C1121 and C1132
to receive a charge.

When the memory gate is not conducting, the grid of
V1133A has a very high impedance to ground, and at this
time the only possible discharge path for C1132 is by
V1133A grid current or leakage current. The grid current is
very low, and can be either positive or negative. Total
ieakage current is so low that there is essentially no change
in the output voltage between samples even when sampling
at the low rate of 150 dots/sec.

The circuit elements between C1121 and the grid of
V1133A serve several purposes:

1. D1125 and D1127 are amplitude-limiting diodes. They
normally do not conduct.

2. D1122 is a é-volt Zener to provide back-bias for the
gating diodes D1130 and D1131.

3. The resistors all aid in standardizing the input quiescent
voltage level.

4. T1130 is a pulse transformer that allows instantaneous
turn-on of the gating diodes to connect the input circuit to
V1133A.

5. C1122 assures that both sides of D1122 follow the
signal equally.
Within the memory amplifier:

1. C1138 corrects for transistor phase shift.

2. D1136 permits Q1134 to turn on hard, long enough for
the stored charge {of D1136) to be removed, preventing
damage to Q1134 in the event of turn-on overload.

3. D1142 assures that fast positive pulses at the base of
Q1141 will be coupled to C1132 and the output, even if
Q1141 has been momentarily cut off.

4. D1144 limits the positive swing of the output lead to
about 10 volts and D1134 assures a high impedance when
D1144 is reverse biased.

®
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5. D1140 sets the maximum collector voltage of Q1141
at —9 volts.

6. R1145 prevents reverse reflections in the output cable
from disturbing the display.

Between samples, the AC Amplifier output returns to its
quiescent level, and C1121 charge (that was gained at the
last sample) is cancelled. At the next sample, if there is
any change at the sampler unit, C1121 will receive a new
charging signal and can add to or subtract from the
residual charge of C1132.

System Operation With No Signal

ltems to remember when examining signals at various
points between the sampler amplifier output and the
memory output:

1. It is impossible to install perfectly balanced sampling
gate diodes, so at each interrogation there will be some
small error signal sent into the system.

2. The memory circuit does not retain a perfectly stable
output voltage because C1132 cannot hold a charge per-
manently.

3. The memory output is coupled back to the sampler input
(with proper attenuation).

4. Theoretically, if there is no input at the sampling gate,
there will be no AC Amplifier signal, and the memory
output will be zero. The memory output will be essentially
zero, but there will always be a small pulse at the AC
Amplifier output.

5. The SMOOTHING BALANCE control (R1125) sets the
quiescent dc level at the memory input and if incorrectly
adjusted will cause an offset voltage that looks like a
continuous signal. For example, assume the SMOOTHING
BALANCE control is off by +1 mv. If the memory amplifier
internal gain is 500 (it isn't actually), the memory output
will now be off by —500 mv. The —500-mv feedback to
the input bridge creates an error signal which will drive
the memory output nearly back to zero. After several dots
the memory output will stabilize near zero, but slightly
off from zero to provide enough error signal to correct for
the original +1 mv error. Thus, a continuous minor error
signal is amplified to place the output level near zero. If
the AC Amplifier gain is reduced by the SMOOTHING
control, the memory output must now be larger so the
error signal fed into the AC Amplifier is larger, restoring
again the —1 mv correction at the memory input. (A trace
shift seen when the SMOOTHING control is rotated away
from NORMAL is the increased memory output to make
up for the reduced amplifier gain). Thus the memory input
balance control is called the SMOOTHING BALANCE be-
cause its effect is seen by rotation of the SMOOTHING
control.

DC Offset

The memory output of Q1141 is fed to the inverter or to
the dual trace circuit. It is also fed to a voltage divider
that controls the feedback signal sent to the sampler. The
feedback attenuator resistors, R1147, (Plug-In Connectors
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and Switching diagram, Channel A) set the feedback ampli-
tude to keep the basic memory output of 600 mv/cm while
the feedback voltage just matches the input signal.

The DC Offset circuit adds a dc shift to the feedback
loop. It includes a current cancelling system that prevents
offset current from flowing in R1147; see Fig. 4-4. The grid
voltage of V1133B is set by the DC OFFSET control through
a resistance divider. Rotating the DC OFFSET control from
one end to the other causes a =50 volt swing at the
cathode of V1133B. The cathode of V1133B drives =+0.25
ma through R1146 via R1150. The DC OFFSET control +100-
volt swing drives #=0.5 ma through R1149 via R1160. The
resulting voltage drop of =1 volt across both R1146 and
R1149 is the offset voltage sent to the sampler amplifier.
The two points of offset injection assure there is no offset
current in R1147 so that the offset system is not affected by
the MILLIVOLTS/CM switch.

Circuit Description — Type 452

The DC OFFSET control may be used to null certain levels
of the input signal in order to measure amplitude. The
OFFSET MONITOR jack allows a voltmeter connection to
read the effective dc offset voltage X100. The offset voltage
is also useful when measuring small signals riding on larger
signals.

Inverter

The Inverter is an X1 amplifier pair (10k input, 10k feed-
back) for each channel. Its function is to invert the display
when the front panel DISPLAY switch is in the INVERTED
position. When the DISPLAY switch is in the NORMAL posi-
tion, the inverter is bypassed by interconnecting wiring in
the Type 452 main frame.
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Fig. 4-6. MODE switch connections to the DUAL TRACE multivibrator.

Q1164 is collector coupled to Q1163. D1167 is a voltage
offset Zener to raise the voltage at the base of Q1163
above that at the collector of Q1164 without signal attenua-
tion. Q1163 is an output emitter follower. R1161, the A
INVERTER ZERO control, and R1162 are a dc balance net-
work to adjust the output dc level, eliminating trace shift
when moving the DISPLAY switch from NORMAL to IN-
VERTED. R1163 is the feedback resistor.

Dual Trace Model 3

The Dual Trace subchassis determines which channel is
displayed by the Type 661; under some conditions, the
signals from both channels are fed to the Type 661. Be-
cause of the various modes of operation possible in dual-
trace, both the A and B channel will be discussed.

4-8

Two gated inverter amplifiers, Q1184 and Q2184, control
passage of the signal. A multivibrator, Q2245 and Q2255,
control the two amplifiers via switching diodes D116 and
D216. Multivibrator operation is controlled by the front
panel MODE switch. In the A ONLY, B ONLY, and A VERT
B HORIZ modes, only one side of the multivibrator con-
ducts. In the ADDED ALGEB mode, neither side conducts,
and in the DUAL TRACE mode, the multivibrator free-runs
at a switching rate of about 50 ke. Q2264 provides a dual-
trace blanking signal to the Type 661 when the multivibrator
switches.

A 0.25-psec delay line couples the output signal from
the dual trace unit to the Type 661 indicator. The delay
allows the signal to phase properly with the Timing Unit
unblanking of the Type 661 crt.
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Refer to Fig. 4-5, the Dual Trace, and the Plug-In Con-
nectors and Switching diagrams during the following dis-
cussion. Each inverter is fed signals from the DISPLAY
switch for its channel. The Channel A signal arrives through
R1184, the Channel B signal arrives through R2182 and
R2184. The inverter amplifier emitter circuits include posi-
tioning controls (R1180 and R2180) in parallel with the
emitter return resistors (R1185 and R2185). Positioning is by
current injection into the emitter circuits through R1181
and R2181. The major emitter current comes from the
+19-volt supply, through MODE switch SW2190 and to the
emitters through R1185 and R2185. In the ADDED ALGEB.
position of the MODE switch, current limiting resistor R1179
is inserted in the emitter circuit to keep the common output
lead average voltage the same as when only one transistor
is conducting.

The amplifiers are connected in a common-base configura-
tion. The current at their collectors is switched between two
paths by the multivibrator to connect or disconnect them
from the common collector load, R1189. There is essentially
no change in the current of either transistor whether it is
connected to the output or not. The input impedance is
that of the series input resistors, R1184 in channel A, and
R2182 and R2184 in channel B. Since the emitters of both
transistors rest at about +0.2 volts, R1183 and R2183 are
used to offset the input voltage to zero. The —4.5-volt
collector voltage is offset to zero (for the output lead) by
the series combination of R1191 and R1192.

Fig. 4-6 shows the MODE switch connections that set the
operating conditons of the multivibrator. During single
channel operation, with only one side of the multivibrator
conducting, the conducting transistor saturates and Zener
diode D2251 conducts. In A ONLY operation, multivibrator
transistor Q2255 operates in saturation, and its collector is
held at about +0.4 volt by D2255. This reverse biases both
D2258 and D1187, so that Q1184 supplies the output signal.
Since transistor Q2245 is cutoff, R2248 forward biases both
D2248 and D2187, bypassing Q2184 from the output.

Operation in the A VERT B HORIZ mode sets the multi-
vibrator and the inverter amplifiers the same as in the A
ONLY mode. The Channel B signal bypasses the Dual Trace

Circuit Description — Type 452

circuit and is fed separately to the Type 661 horizontal
deflection system. In the B ONLY mode, operation of the
multivibrator and inverter transistors is the reverse, with
Q1184 disconnected and Q2184 supplying the output
signal.

In the ADDED ALGEB mode, neither multivibrator tran-
sistor conducts. Both inverters are turned on, combining
both signals in the common collector circuit at R1189. The
output to the delay line is the algebraic sum of the A and
B signals.

In the DUAL TRACE mode, Q2245 and Q2255 operate as
a free-running multivibrator at about 50 ke. The inverter
amplifiers pass signals alternately, providing a dual-trace
display.

During multivibrator operation, neither transistor saturates,
and Zener diode D2251 does not conduct. The multivibrator
switching time constant, located between the emitters of
Q2245 and Q2255, is composed of C2251 in series with the
emitter return resistor (R2240 or R2250) of the noncon-
ducting side. The collector-to-base coupling circuits (R2246-
C2246 and R2256-C2256) do not set the time of operation;
the capacitors are for high-frequency coupling to assure
fast switching.

NOTE

Models 1 and 2 Dual-Trace Subchassis will oper-
ate in the Type 4S2, but are not recommended
due to noise limits.

Blanking Circuit

Blanking transistor Q2264 normally rests in cutoff with
its base at about +0.8 volt. As the multivibrator switches,
C2240 or C2250 couples about a —2 volt signal to the
base of Q2264 to turn it on. The turn-on pulse lasts only
about 0.5 usec, but it is heavy enough to saturate Q2264
and give it a storage time of about 1 to 1.5 usec. There is
some positive overshoot immediately before the —2 volt
pulse. This is kept from the base of Q2264 by D2262 so
that the storage time of Q2264 will be fairly consistent, and
the crt will be properly blanked during the time the dual-
trace multivibrator is switching channels.
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SECTION 5
MAINTENANCE

PREVENTIVE MAINTENANCE

Calibration

The Type 452 Plug-In Unit will not require frequent cali-
bration. However, to insure that the unit is operating proper-
ly at all times we suggest that you check the calibration
after each 500-hour period of operation (or every six
months if the unit is used intermittently). A complete step-
by-step procedure for calibrating the unit and checking its
operation is included in Section 6.

The accuracy of measurements made with the Type 452
depends not only on the accuracy of calibration, but also on
the calibration of the associated oscilloscope. It is important
for the oscilloscope to be in proper calibration.

Visual Inspection

Troubles can sometimes be found by a visual inspection
of the unit. For this reason, you should perform a complete
visual check every time the instrument is calibrated or
repaired. Look for such defects as loose or broken con-
nections, damaged connectors, improperly seated tubes,
scorched or burned parts, broken terminal strips, etc. The
remedy for these troubles is apparent, except for heat-
damaged parts. Heat damage is often the result of other,
less apparent trouble. It is essential for you to determine
the cause of overheating before replacing damaged parts.

Tube or Transistor Checks

Tester checks on the tubes and transistors used in the
Type 452 are not recommended. Tube testers sometimes in-
dicate a tube to be defective when that tube is operating
satisfactorily in a circuit, or they may fail to indicate tube
defects which affect the performance of the circuits. The
same applies to similar tests made on transistors. The cri-
terion for usability of a tube or transistor is whether or
not it works properly in the circuit. If it does not, then it
should be replaced. Unnecessary replacement is not only
expensive but may also result in needless recalibration of
the instrument.

COMPONENT REPLACEMENT

General

The procedures for replacing most parts in the Type 452
are easy. Detailed instructions for their removal are there-
fore not required. In some cases, however, additional in-
formation may help you. This information is contained in the
following paragraphs. Because of the the circuit configura-
tion, it will be necessary to recalibrate portions of the
circuit when certain parts are replaced. Refer to the Calibra-
tion section of this manual.

®

Removal of Subchassis Circuit Boards

Most of the circuitry of the Type 452 is located on sub-
chassis circuit boards. Each subchassis has a 22 contact
connector that mates with the main-frame cables. Mainten-
ance is made easier by the use of a special subchassis
extender, and special extension cables that permit the Type
452 to be operated outside of the Type 661 (identified at
the beginning of the calibration procedure). The Type 4S2
will operate correctly with any subchassis extended for
testing.

Removal of a subchassis is accomplished by pressing
down on the two tabs located at each side of the unit
being removed. The removal tabs apply lifting pressure to
the guides, aiding in disconnecting it from the intercon-
necting socket.

Installation of a subchassis requires careful observation
of the mating connector at the base of the unit. A number
located just to the right (front panel facing you) of the
inter connecting socket identifies which subchassis will
operate in that location. The number is identified on each
schematic diagram as “Series—6" (the Gate Generator).
The series number is a circuit guide, not a physical posi-
tion guide, and mates with a number on the top lip of each
subchassis.

To replace a unit, align all pins and the two plastic tips
with their proper position at the interconnecting socket, and
apply heavy hand pressure to push the unit fully into posi-
tion. Take care not to rotate small screwdriver adjustments,
as that will change the calibration. If the Gate Generator
is being installed, you may wish to connect the six small
cables to the subchassis after it is in place.

Switches

Procedures for the removal of defective switches are, for
the most part, obvious and only a normal amount of care
is required. If a switch is removed, careful notation of the
leads to the switch should be made to facilitate connecting
the new switch.

Single wafers are not normally replaced on the switches
used in the Type 452. If one wafer is defective, the entire
switch should be replaced. Switches may be ordered from
Tektronix either unwired or with the parts wired in place.

Switch wafers shown with the circuit diagrams are coded
to indicate the position of the wafer on the switches. The
number portion of the code refers to the wafer number on
the switch assembly. Wafers are numbered from the front
of the switch to the rear. The letters F and R indicate
whether the front or the rear of the wafer is used to perform
the particular switching function.

Soldering Precautions

In the production of Tektronix instruments a special
silver-bearing solder is used to establish a bond to the
ceramic terminal strips. This bond may be broken by re-
peated use of ordinary tin-lead solder, or by excessive
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heating of the terminal strip with a soldering iron. Occa-
sional use of ordinary 60-40 solder will not break the bond
unless excessive heat is applied.

If you are responsible for the maintenance of Tektronix
instruments, it is advisable to have a stock of solder con-
taining about 3% silver. This type of solder is used in
printed circuitry, and is generally available locally. It may
also be purchased from Tektronix in one-pound rolls; order
by part number 251-514.

Because of the shape of the terminals of the ceramic
terminal strips, we recommend a wedge-shaped tip on your
soldering iron. These tips allow you to apply heat directly
to the solder in the terminals. It is important to use as little
heat as possible while producing a full-flow joint.

The proper technique for soldering components in place
requires: (1) the use of long-nose pliers to hold the lead
securely between the component and the point where heat
is applied, allowing the pliers to serve as a heat sink; (2)
the use of a hot iron for a short time; and (3) careful manip-
ulation of the leads to prevent lead breakage. Use a 50-
to 70-watt iron when working on ceramic strips.

Ceramic Terminal Strips

Damaged ceramic terminal strips are most easily removed
by unsoldering all connections, then knocking the plastic
yokes out of the chassis. This can be done by using a
plastic or hard-rubber mallet to hit the ends of the yoke
protruding through the chassis. If space limitations prohibit
use of the mallet directly, a plastic rod can be used between
the mallet and the yoke of the strip. When the two yokes
supporting the strip have been knocked out of the chassis,
the strip and yokes can be removed as a unit. The spacers
will probably come out with the yokes; if not, they can be
removed separately.

Another way of removing the terminal strip is to cut off
the side of the yoke holding the strip with diagonal cutters.
This permits the strip to be removed from a difficult area
where a mallet cannot be used. The remainder of the yokes
and the spacers can be pulled out separately. Since a
replacement strip is supplied with yokes already attached,
the old yokes need not be salvaged. However, the old
spacers can probably be used again.

When the damaged strip and yoke assembly has been
removed, place the spacers into the holes in the chassis.
Then set the ends of the yoke pins into the spacers. Press
or tap lightly directly above the yokes to drive the yoke
pins down through the spacers. Be certain that the yoke
pins are driven completely through the spacers. Then cut
off the portion of the yoke pin protruding past the spacers.

TROUBLESHOOTING

General Information

The Type 452 derives all of its operating voltages from
the oscilloscope, and depends on the oscilloscope and the
Timing Unit for its display, therefore be sure that the
oscilloscope is not the cause of trouble.

5-2

If trouble occurs in the Type 452, try to isolate it by
quick operational and visual checks. First check the settings
of all controls. Then operate the controls to see what affect,
if any, they have on the trouble. The normal or abnormal
operation of each control may help you to establish the
trouble symptoms. (The cause of trouble which occurs only
in certain positions of a control can usually be determined
immediately from the trouble symptoms.)

After the trouble symptoms are established, look first
for simple causes of trouble. Check to see that the pilot
light of the oscilloscope is on, feel for any irregularities
in the operation of the controls, listen for any unusual
sound, see that the tube filaments are lit, and visually check
the entire instrument. The type of trouble will generally
indicate the checks to make.

In general, a troubleshooting procedure consists of two
parts: circuit isolation and circuit troubleshooting. Since
the Type 452 is a complex unit, consisting of many circuits,
you should study each schematic carefully while reading
the circuit description to help determine which circuit is
defective. After isolating the circuit, you can then trouble-
shoot in the circuit to find the cause of the trouble.

Most troubles will be caused by tube or semiconductor
failures. Therefore, when trouble has been isolated to a
circuit, the tubes and semiconductors in that circuit should
be checked first. Be sure to return tubes and transistors
found to be good to their original socket.

Trouble Symptoms

1. A display that may appear as trouble to someone not
familiar with sampling techniques can occur when triggering
information stops arriving from the Timing Unit. Each dis-
play dot is the result of a pulse from the Timing Unit arriv-
ing at the Type 452 Gate Generator via J7. If the informa-
tion stops—even in the middle of a trace—sampling stops
immediately. The spot does not extinguish, but it stops pro-
gressing across the crt horizontally and starts drifting up
or down the crt and ultimately goes out of sight. This is
normal, and is not to be confused with trouble in the
Type 452. (It is the Memory drifting, without repeated cor-
rection.) Should the Timing Unit information begin again, the
dot will return to the crt and the interrupted trace will be
completed.

2. If the display appears to compress—or limit—at one
end of the VERT. POSITION control range, set the DC
OFFSET control so that a voltmeter at the OFFSET MONI-
TOR jack reads zero. Then reduce the input signal to be
1 volt or less, peak-to-peak. If the symptom continues, re-
calibration of the Type 452 is necessary.

3. If trying to observe the Type 661 Delayed Pulse with
less than 40 nsec of delay cable between the Delayed
Pulse output connector and the Type 4S2 input, and the
Timing Unit TIME DELAY control fails to bring the step into
view, add more cable. (Use cable with good high frequency
response, of 5 nsec or more, such as the Tektronix Type 113
Delay Cable. See Fig. 2-4)
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4. If the dots are spread all over the crt, the Gate Gen-
erator is free-running . recalibrate.

Testing Precaution

When observing waveforms in the Type 452 circuitry,
always make certain that the test oscilloscope frame is con-
nected to the Type 452 frame. Then if you wish to look at
fast pulses inside the Type 452 circuits that are differential
in nature, observe the following. The Tektronix P6034 and
P6035 signal probes, used on one sampling system to
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observe another, can be used in a differential fashion
singly. If the circuit being measured is not at ground
potential, both the probe center conductor and ground
return must be ac-coupled. The center conductor can be
ac-coupled using a General Radio Type 874-K in-line
capacitor. The ground return can be ac-coupled (for fast
signals) by use of a 0.001-uf capacitor at the probe ground
clip. Use short leads. If the test oscilloscope frame is not
connected to the Type 452 frame, a 60-cycle stray pickup
between the chassis can damage components in the Type
452.
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SECTION 6
CALIBRATION PROCEDURE

Introduction

The following paragraphs outline a procedure for cali-
brating the Type 4S2. The instrument should not require
frequent recalibration, but occasional adjustments will be
necessary when tubes and other components are changed.
Also, a periodic recalibration is desirable from the stand-
point of preventive maintenance.

Apparent troubles in the instrument are occasionally the
result of improper calibration of one or more circuits. Con-
sequently, calibration checks should be an integral part of
any troubleshooting procedure. Abnormal indications occur-
ring during calibration checks will often aid in isolating
troubles to a definite circuit or stage.

In the instructions that follow, the steps are arranged in
the proper sequence for a complete calibration of the in-
strument. Each numbered step contains the information
required to make one check or adjustment or a series of
related checks or adjustments. The steps are arranged to
avoid unnecessary repetition of checks or adjustments.

Fig. 6-5 shows the Type 452 subchassis location keying
system. Each subchassis is labeled with both a Series and
a Model number. More than one Model may work in a
given Series location, the higher Model number being the
better. Do not insert a subchassis with conflicting Series
number.

Equipment Required
The following equipment or its equivalent is required to
perform a complete calibration of the Type 4S52.

1. A dc voltmeter with a sensitivity of 20,000 ohms per
volt or more.

2. A nonloading dc voltmeter such as John Fluke Model
801B or 825B, or a Tektronix Type Z Plug-In Unit for use in
item. 5.

3. An ohmmeter.
4. A resistance bridge, accuracy at least 0.2%.

5. A test oscilloscope with a bandpass to at least 30 mc
and a maximum sensitivity of at least 50 millivolts per divi-
sion. Oscilloscope such as Tektronix Type 540-Series and
Type L or H Plug-In Unit is suitable.

6. An attenuator probe for use with the test oscilloscope.
10X attenuation, such as the Tektronix P6017 or P6000.

7. A probe without attenuation, such as the Tektronix P6027.

8. If using a Type Z Plug-In Unit, a 10X attenuator probe,
P6032.

9. A calibrated Type 661 Oscilloscope with Type 5T1
or 5T1A Timing Unit.

10. A Tektronix Type 111 Pretrigger Pulse Generator.

®

11. A flexible interconnecting cable to go between the Type
452 and the Type 661, (Part No. 012-064).

12. A special 32" 50-ohm cable with Gremar connectors
to go between the Type 452 and the Type 661, (Part No.
012-070).

13. A special subchassis extender board, (Part No. 012-069).

14. A 50-ohm 5X attenuator with GR connectors, (Part No.
017-045).

15. Two 50-ohm 10X attenuators with GR connectors, (Part
No. 017-044).

16. Two 50-ohm (RG-8/AU) cables, 5-nsec signal delay,
(Part No. 017-502).

17. A 50-ohm (RG-58/AU) cable, 2-nsec signal delay. (Part
No. 017-505).

18. An insulated screwdriver, such as Jaco No. 125, (Part
No. 003-000).

19. A 680 Q, 10%, 1-watt resistor, and a 500 Q potentio-
meter in series.

20. A clip lead about 2V, ft. long.

Preliminary Procedure

Make a complete visual check of the instrument. If cali-
bration is being done as a result of trouble, check for
correct transistors, tubes and sampler diodes and that they
are in their correct locations. Sampler diodes have two
green dots at their cathode end. Memory gate diodes have
a red dot at their cathode end. All transistors with four
leads that are plugged into sockets use all four leads.

Use an ohmmeter to check the resistance of each inter-
connecting plug lead to ground as shown in Tables é-1
and 6-2.

Measure the input resistance of each channel. It must be
50 Q, =1%.

Set the Type 452 front-panel controls as follows when
making resistance measurements:

MILLIVOLTS/CM 200
VARIABLE CALIBRATED
VERT. POSITION Midrange
SMOOTHING NORMAL
DC OFFSET Midrange
DISPLAY NORMAL
MODE A ONLY
6-1
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TABLE 6-1 TABLE 6-2
Resistance to ground at P1 (see Fig. 6-1). All subchassis in Resistance to ground at P2, all subchassis in place.
place.
Pin No. Circuit Ohmmeter Res. Pin No. Circuit Ohmmeter Res.
Range Range
1 117 vac X100 inf. 1 open X100 inf.
2 6.3 vac X100 inf. 2 —126 v X100 inf.
3 —19 v X10 9-15 Q 3 chop out X1 10 k
4 —252 v X100 inf. 4 (B} - Gnd X100 inf.
5 —100 v X1 225 k 5 =2 X100 inf.
6 staircase in X100 inf. 6 (A) Dec. unit Gnd X100 2 meg
7 Gnd X10 0 7 open X100 inf.
8 (B) out to Horiz  X10 0 8 Dec. 3 X100 inf.
9 braid for 21 X10 0 9 open X100 inf.
10 (B) Vert out X1 8-11 k 10 open X100 inf.
11 (A) Vert out X1 8-11 k 1 braid for 23 X100 inf.
12 Gnd X10 0 12 (B) Vert out X1 8-11 k
13 117 vac X100 inf. 13 open X100 inf.
14 6.3 vac X100 inf. 14 braid for 3 X10 0
15 +300 v X1 9 k 15 (A) = Gnd X100 inf.
16 4400 v X100 inf. 16 =1 X100 inf.
17 4100 v X1 9 k 17 =5 X100 inf.
18 +19 v X100 400 to 500 Q 18 (B) Dec. Unit Gnd X100 2 meg
19 staircase out X100 inf. 19 Dec. 2 X100 inf.
20 braid for 8 X10 0 20 Dec. 4 X100 inf.
21 blanking out X100 10 to 50 meg 21 milli X100 inf.
22 braid for 10 X100 inf. 22 volt X100 inf.
23 braid for 11 X100 inf. 23 (A) Vert out X1 8-11 k
24 vert sig out X1 4-5 k 24 braid for 12 X100 inf.
'
TYPE 661
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TYPE 5T1
TYPE 452 N ) {
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Fig. 6-1. Location of cables for operating Type 452 outside of Type 661.
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