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Introduction

The Tektronix Type 321 is a transistorized, battery-operat-
ed portable oscilloscope. lis reliability, stability, light weight
and small size makes it adaptable both as a field test oscil-
loscope and as a general purpose laboratory instrument.

Vertical Deflection Sysiem
Bandpass...DC to 5mc.
Risetime . . . 0.07 usecond.

Sensitivity . . . 0.01 v/div to 20 v/div in 11 calibrated
steps, continuously variable from 0.01 v/div to 50 v/div.

Input Impedance . . . 40 pf paralleled by 1 megohm, 12
pf paralleled by 10 megohms when using P6003 (10X)
probe.

Triggering

Type . . . Automatic, or amplitude-level selection using preset
stability.
Mode . . . AC-coupled or DC-coupled.

Slope . . . Plus, from rising slope of triggering waveform, or
minus from negative slope of triggering waveform,

Source . . . Internal from vertical signal, or external from
triggering signal.

Signal Requirements. . .Internal: 1 minor division vertical
deflection.

External: 1.0 volts to 50 volts. Input impedance: 10 pf
paralleled by 100 kilohms.

Sweep

Type. . .Miller Integrator.

Sweep Rates...0.5 usec/div to 0.5 sec/div in 19 calibrated
steps. Accurote 5.times sweep magnifier extends calibra-
ted range to 0.1 psec/div. Sweep time adjustable be-
tween steps and to | sec/div uncalibrated.

External Horizontal Input

Bandpass. . .DC to 1mc.

Sensitivity. . . 1.5 v/div with sweep magnifier.

Input Impedance. . .20 pf paralleled by 100 kilohms,

Amplitude Calibrator

Square-wave. . .Frequency about 2 ke

Amplitude. . .500 mv peak-to-peck. Also 40 mv peck-to-peck
internally coupled in CAL. 4 DIV, position of VOLTS/DIV.
switch.
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SECTION 1

SPECIFICATIONS

Cathode-Ray Tube

Type...Special Tektronix-manufactured T321. 3" flat-face,
post-deflection accelerator. Low heater power,
Accelerating potential. . .4 kv.

Z-Axis Modulation. . .External terminal permits RC coupling
to crt grid.

Unblanking. . . Deflection unblanking.

Phosphor. . .Type P31 normally furnished; P1, P2, P7 and
P11 phosphors optional. Other phosphors furnished on
special order.

Graticule

lllumination. . .variable edge lighting when operating from
ac line.

Display Area...marked in é-vertical and 10-horizontal V"
divisions.

Power Requirements

Source...Operates from 10 size D flashlight cells, or 10
size D rechargeable cells (approximately 3 hours using
2.5 ampere-hour cells; opproximately 5 hours using 4
ampere-hour cells), or 11.5 to 35 volts dc (aircraft, auto,
boat, etc.), or 105 to 125 volts or 210 to 250 volts, rms,
50 to 800 cycles, single-phase ac.

Temperature Protection...Thermal cutout switch interrupts
power if chassis temperature exceeds 120° F,

Optional. . .Built-in battery charger available as optional
equipment.

Mechanical Specifications

Construction. . . Aluminum alloy chassis and cabinet.

Finish. . . Photo-etched anodized panel, blue vinyl-finish cabi-
net.

Dimensions. . .8'," high, 5%," wide, 16" deep,
Weight. . .13Y; Ibs. without batteries; 16 Ibs. with batteries.

Accessories

1...P&003 or P6022 Probe, 010-064
1...3-wire AC Power Cord, 161015
1...3-wire Adapter, 103-013
1...3-wire DC Power Cord, 161-016
1...Green Filter, 378.521

2. . .Instruction Manuols

1-1



Power Requirements

The regulated power supplies in the Type 321 will operate
from a 117-v or 234-v rms ac line, from an external dc source
(11.5 to 35 volts), or from a “battery pack” consisting of
either 10 size D flashlight cells or 10 size D rechargeable
cells. A built-in battery charger charges the “rechargeable”
cells when the instrument is connected to an ac source (117
v oor 234 v).

AC Operation

Unless tagged otherwise your instrument is connected at
the factory for operation at 105 to 125 volts, 50 to 800
cycles ac (117 volts nominal). However, provisions are made
for easy conversion to operate at 210 to 250 volts, 50 to
800 cycles (234 volts nominal). The power transformer Té01
is provided with split input windings which are nermally con-
nected in parallel for 117-volt operation, but which can
be connected in series for 234-volt operation.

The primary windings are marked 1, 2, 3 and 4. Terminals
1 ond 3 are connected to one winding and terminals 2 and
4 ore connected to the second winding. The ac input leads
are connected to terminals | and 4 for both 117-volt and 234-
volt operation, so these connections do not have to be
changed when converting from one line voltage to the other.

SECTION 2
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INSTRUCTIONS

When wired for 117-volt operation terminals 1 and 2 are
joined by a bare bus wire, and terminals 3 and 4 are simi-
larly joined, as shown in Fig. 2-1(a). To convert to 234-volt
operation remove the bare bus wires between these terminals
and substitute a single connecting wire between terminals 2
and 3, as shown in Fig. 2-1(b).

DC Operation

Operation from an external dc source is accomplished by
connecting the special pigtail-type dc power cord in the pro-
per manner. For 11.5- to 23.volt operation, the black (+)
and white (—) leads are connected to the voltage source;
for 22- to 35-volt operation, the green (+) and white (—)
leads are connected to the voltage source.

Battery Operation

Operation from the internal battery source can be ac-
complished by using:

1. Ten size D flashlight cells (approximately '/, hour con-
tinuous ([more with intermittent)) operation), or

2. Ten rechargeable cells, 2.5 AH, (opproximately 3 hours
continuous operation), or

TO 117-v AC

prey

Fig. 2-1. (al Transformer

perati from 105-125 volt ac line;

(b} connections for operation from 210-250 volt ac line.



Preliminary Instructions — Type 321

LOOSEN THUMB SCREW TO UNLOCK CASE,
THEN PULL CASE FORWARD TO REMOVE

Fig. 2-2. Removing the battery case from the Type 321 Oscilloscope.

LOOSEN SCREW
REMOVE COVER
TO INSTALL BATTERIES

Fig. 2-3. Battery case illustrating correct polarity for installing batteries.
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Preliminary Instructions — Type 321

3. Ten rechargeable cells, 4 AH, [approximately 5 hours
continvous operation). The 4-AH batteries make o
more practical power supply for the Type 321, due to
the longer “playing time".

A battery case is furnished with the Type 321. To install
the cells, first remove the battery case os illustrated in Fig.
2-2. Then remove the cover shown in Fig. 2-3 and install
five cells in each side.

CAUTION

Be sure to observe cell polarity indicated on the
battery case.

Battery Charger

The Battery Charger will operate as long as the ac power
cord is connected to an ac line. When the POWER switch
is turned ON, a trickle charge of about 30 ma maintains
the cells at their existing state of charge. When the POWER
switch is turned off, the Charger is connected across the
battery for full charge.

A Charger switch is provided to select the proper charg-
ing current for the type of battery being used in the Type

®i
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321. When dry cells are being used in the instrument, the
switch should be set to the DRY CELL position. In this
position, the charging circuit is opened up and no charging
current flows. When 2.5-AH rechargeable cells are being
used, the switch should be set in the 2.5 AH position. This
provides a charging current of 200 ma through the battery.
When 4-AH cells are being used, the switch should be
set to the 4 AH position. This provides a charging current
of 400 ma through the battery.

The battery will withstand normal charging current for
extended periods of time, however sixteen hours of charge
should be adequate for either type of battery at the cur-
rents provided. Placing the Charging switch in the DRY
CELL position, or removing the ac power from the Type
321, will stop the charging action.

Fuse Data

Use only the recommended fuses in the Type 321 Oscil-
loscope. The upper fuse (F601) is .25-amp 3AG Fast-Blo; the
lower fuse (F621) is a 1.5-amp 3AG Fast-Blo. Neither fuse
needs to be changed if the instrument is converted from
one line voltage to the other (117 v and 234 v).

23



General Information

The Type 321 Oscilloscope is an extremely versatile in-
strument, adoptable to o great number of applications.
However, to make full use of the instrument, it is necessary
that you understand completely the operation of each front-
panel control. This portion of the Manual is intended to pro-
vide you with the basic information you require. If you are
fomiliar with other Tektronix Oscilloscopes, you should have
very little difficulty in understanding the operation of the
Type 321. The function of many controls is the same as the
function of corresponding controls on other Tektronix instru-
ments. A front-panel view of the Type 321 is shown in Fig.
3-1.

Intensity Control

Then INTENSITY control is used to adjust the trace bright-
ness. This permits you to odjust the trace intensity to suit
the ambient light conditions, and to adjust for changes in
intensity caused by chonges in the sweep friggering rate
(sweep duty cycle). Clockwise rotation increases the inten-
sity and counterclockwise rotation decreases the intensity.

Focus and Astigmatism Controls

The FOCUS ond ASTIGMATISM controls operate in con-
junction with each other to allow you to obtain a sharp,
clearly defined spot or trace. To odjust these controls:

1. Adjust the INTENSITY control for the most pleasing level.
2. Set the ASTIGMATISM control to midscale.
3. Adjust the FOCUS control for sharpest detail.

4, Adjust the ASTIGMATISM conirel as necessary for best
overall focus.

Graticule lllumination Control

The graticule used with the Type 321 is accurately marked
with 10 horizontal and & vertical divisions, with .2-division

SECTION 3
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markers on the centerlines. These graticule markings cllow
you to obtain time and voltage measurements from the os-
cilloscope screen.

Graticule illumination is adjusted by the SCALE ILLUM.
control, located just to the right of the oscilloscope screen.
Rotating the control clockwise increases the brightness of the
graticule markings and rotating the control counterclockwise
decreases the brightness.

NOTE. The graticule is illuminated only when operating from
an oc line. This permits longer operation when on hatteries.

Positioning Controls

Two controls are used with the Type 321 Oscilloscope to
position the trace or spot on the screen.

The HORIZONTAL POSITION control moves the trace to
the right when it is rotated in the clockwise direction and to
the left when it is rotated counterclockwise. This control
has a positioning range of approximately 15 divisions with
the sweep magnifier off, and opproximately 75 divisions
with the sweep magnifier on,

The VERTICAL POSITION control has sufficient range to po-
sition the trace completely off the top or bottom of the
screen, or fo any intermediate point. The trace moves up
when the control is rotated clockwise and down when the
control is rotated counterclockwise.

Intensity Modulation

The crt display of the Type 321 Oscilloscope can be inten-
sity modulated by an external signal to display edditional
information. This is accomplished by disconnecting the
grounding bar from the CRT GRID connector at the rear of
the instrument and connecting the external signal to this
terminal. A negative signal of approximately 30 volts peok
is required to cut off the beam from maximum intensity,
less with lower intensity levels.

HORIZONTAL DEFLECTION SYSTEM

Horizontal Sweep
The usual oscilloscope display is a graphical presentation

of instantaneous voltage versus time. Voltage is represented
by vertical deflection of the trace and time is represented

@:

by horizontal deflection. To obtain a useful display, the
spot formed by the electron beam is deflected horizontally
at a known rate, so that any horizontal distance on the
screen represents a definite known period of time. The trace
formed by the deflection of the spot across the screen is
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Operating Instructions — Type 321

CRT CONTROLS

FOCUS—Controls sharpness of spol or

INTENSITY—Controls brightness of trace,

ASTIGMATISM—Used in conjunction with
FOCUS to obtain overall focus.

SCALE ILLUM.—Adijusts brightness of groti-
cule rkings (when operoting from AC
linel.

VERTICAL CONTROLS HORIZONTAL CONTROLS

' HORIZONTAL POSITION—Positions trace
horizontally,
VERLIGAL e .
Amrurige “""" POWER—Switch turns power on and off

VERTICAL POSITION—Positions troce verti-
cally.

TIME/DIV, and VARIABLE—Selects sweep
rate.

EXT. HORIZ, INPUT—Terminal for accept-

AC-DC—Selects either AC or DC inpu! ing external horizontal signal.

coupling. e
TRIGGERING CONTROLS

VOLTS/DIV. and VARIABLE—Selects verti-
cal deflection factor.

LEVEL—Selects point on triggering signal ot
which sweep is triggered.

SLOPE—Determines whether sweep is Irig-

INPUT—Terminol for occepting waveforms ger on + or — slope of triggering signal.

to be displayed on CRT.

AC-DC—Selects AC or DC coupling for
triggering signal.

ts either i | or |

CAL OUT 500 MV.—Terminal provides
500-mv square wave for compensaling

STABILITY—Potenti for seMing dc
level of sweep generator

INPUT—Terminal for oaccepti xternal
DC BAL—Potentiometer for setting de bal- i et se i e
ance of Vertical Amplifier.

Fig. 3-1. Functions of the Type 321 Oscilloscope front-panel controls.

3-2
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known as the horizontal sweep. Since the horizontal deflec-
tion of the spot bears a definite relationship to time, and
provides the means for making time measurements from the
screen, the horizontal sweep is also known as the time

base. (See Fig. 3-2).

The rate that the spot is deflected across the screen is ac-
curately controlled by the setting of the TIME/DIV. control.
The setting of the TIME/DIV. control determines the sweep
speed, and thus the number of cycles disployed on the crt
screen. The control is set to display the portion of the wave-
form you wish to observe.

The Time Base has 19 accurately calibrated sweep speeds
ranging from .5 usec/div to .5 sec/div. These calibrated
sweep speeds are obtoined when the VARIABLE TIME/DIV.
control is fully clockwise in the CALIB. position. The VARI-
ABLE control permits you to vary the sweep speed contin-
vously between .5 psec/div and approximately 2 sec/div.
All sweep speeds obtained with the VARIABLE control in any
position other than fully clockwise are uncalibrated.

Time.

Fig. 3-2. The oscill pe plots i veous vollag: time,
thereby serving both as a voltmeter and a timer.

Sweep Magnifier

The sweep magnifier cllows you to expond ony two-di-
vision portion of the displeyed waveform to the full ten-di-
vision width of the graticule. This is cccomplished by first
using the HORIZONTAL POSITION control to move the por-
tion of the display you wish to expand to the center of the
graticule, then placing the 5X MAG. switch in the on posi-
tion (pull out the red VARIABLE TIME/DIV. knob; see Fig.
3-3). Any portion of the original unmagnified display can
then be observed by rotating the HORIZONTAL POSITION
control.

In magnified sweep operation, the sweep speed indicated

by the position of the TIME/DIV. control must be divided by
5 to obtain the octual time required for the spot to move one

@
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division. For example, if the TIME/DIV. control is set to 5
MILLI SEC, the actual time per division is 5 milliseconds divid-
ed by 5, or 1 millisecond per division. The actual time-per-
division must be used for all time measurements.

= [l

e L LI LT

Fig. 3-3. Operation of the sweep magnifier.

External Horizontal Input

For special applications you can deflect the trace horizon-
tally with some externally derived waveform rather than by
meons of the internal sweep sowtooth. This allows you to
use the oscilloscope to plot one function versus another.

To use an external herizontal input, connect the externally
derived waveform to the EXT. HORIZ, INPUT connector and
place the TIME/DIV. switch in the EXT. position. The hori-
zontal deflection factor is approximately 1.5 volts/division
with the 5X MAG. on.

Sweep Triggering

The oscilloscope display is formed by the repetitive sweep
of the spot across the oscilloscope screen. |f the sweeps are
allowed to occur at random, or at a rate unrelated to the in-
put waveform, the displayed waveform will be traced out at
a different point on the screen with each sweep. This will

either cause the waveform to drift across the screen or to
be indistinguishable.
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Operating Instructions — Type 321

In most cases it is desirable for repetitive waveforms to
appear stationary on the oscilloscope screen so that the
characteristics of the waveform can be examined in detail.
As a necessary condition for this type of display, the start
of the sweep must bear a definite, fixed-time relationship
to the observed waveform. This means that each sweep must
start ot the same time, relative to some point on the ob-
served waveform. In the Type 321, this is accomplished by
starting or triggering the sweep with the displayed wave-
form, or with another waveform bearing a definite time re-
lationship to the displayed waveform.

The waveform used to start the horizontal sweep is called
a “triggering signal” [whether it is the waveform being ob-
served, or some other woveform). The following instructions
tell you how to select the triggering signal.

Selecting the Triggering Source

In preparing the Type 321 Oscilloscope for triggered op-
eration of the sweep, it is first necessary to select the ftrig-
gering signal source which will provide the best display for
the particular application. The sweep can be triggered by
the disployed waveform, or by an externally derived wave-
form. This selection is made by the setting of the INT.-EXT.

switch (see Fig. 3-4). Each type of triggering has certain ad-
vantages for some applications.

Triggering from the displayed waveform is the method
most commonly used. The displayed waveform is selected
when the INT.-EXT. switch is in the INT, position. Internal
triggering is convenient since no external triggering con-
nections are required. Satisfatcory results are obtained in
most applications.

To trigger the sweep from some external waveform, con-
nect the triggering waveform to the (TRIGGERING) INPUT
connector and place the INT.-EXT. switch in the EXT. po-
sition, (External triggering provides definite advantages over
internal trigggering in certain cases.) With external trigger-
ing, the triggering signal usually remains constant in ampli-
tude and shape. It is thereby possible to observe the shap-
ing and amplification of a signal in an external circuit with-
out resetting the oscilloscope triggering controls for each
observation. Also, time and phase relationships between the
waveforms at different points in the circuit can be seen, If,
for example, the external triggering signal is derived from
the waveform at the input to a circuit, the time relationship
and phase of the waveforms ot each point in the circuit
are compared fo the input signal by the display presented on
the oscilloscope screen,

INT. |“| l EXT.

INT.-EXT.
Switch

Fig. 3-4. The triggering signal is selected from two possible sources with the INT.-

EXT. switch.
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SLOPE
+
+ | Slope ~—| Slope
Input Waveform
SLOPE
+

Oscilloscope Display

Swup Tnggend On + Slope

Oscilloscope Display

Fig. 3-5. Effects on the oscilloscope disploy produced by 4 ond — settings of the

SLOPE switch.

Selecting the Triggering Slope

The horizontal sweep can be triggered on either the rising
or falling portion of the triggering waveform. When the
SLOPE switch is in the + position, the sweep is triggered on
the rising portion of the triggering waveform; when the
SLOPE switch is in the — position, the sweep is triggered
on the folling portion of the woveform see (Fig. 3-5).

In many applications the triggering slope is not import-
ant since triggering on either slope will provide o disploy
svitable to the application.

Selecting the Triggering Mode
Automatic Mode

Automatic triggering is obtained by rotating the (TRIG-
GERING) LEVEL control fully counterclockwise to the AUTO
position.

This mode allows triggering at the average voltage point
of the opplied waveform. Also, the sweep runs at approxi-
mately a 50-cycle rate when no triggering signals are op-
plied; this produces a reference trace or baseline on the
screen. Automatic triggering can be used with both internal
and external triggering signals, but for most waveforms it is

@i

useful only for triggering at frequencies above 50 cycles.
Automatic triggering saves consideroble time in observing
a series of waveforms since it is not necessary to reset
the triggering level for eoch observation. For this rea-
son it is the mode that is normally used. Other modes are
generally used only for special applications, or where stable
triggering is not attainable in the outomatic mode.

AC Mode

AC-mode triggering is obtained by setting the AC-DC
switch to the AC position. This mode provides stable trig-
gering on virtually all types of waveforms. As a general
rule, however, the ac mode is unsatisfactory for triggering
with low amplitude waveforms at frequencies below approxi-
mately 15 cycles. This figure will vory depending upon the
amplitude and shape of the triggering waveform and should
not therefore be set os an cbsolute standard. Triggering
ot frequencies below 15 cycles can be accomplished when
higher amplitude triggering signals are used.

In the ac mode, the triggering peint depends on the aver-
age voltage level of the triggering signals, If the triggering
signals occur ot random, the overage voltage level will
vory causing the triggering point to also vary. This shift
of the triggering point may be enough so that it is impos-
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Operating Instructions — Type 321

sible to maintain a stable display. In such cases you should
use the dc mode.

DC Mode

DC mode triggering is obtained by setting the AC-DC
switch to the DC position. This mode of triggering is parti-
cularly useful in triggering from waveforms which are not
adaptable to the ac mode, such as random pulse trains or
very low frequency waveforms. Random pulse trains pose o
special problem in the ac mode since the random occuronce
of the input waveforms causes the average voltage level to
shift. This in turn may cause the triggering level to shift to
an unstable point. This problem is not encountered in the
dc mode since the triggering point is delermined only by
instantaneous voltages.

In the dc mode, when the triggering signal is obtained
from the Vertical Amplifier, varying the VERTICAL POSI-
TION control will change the triggering point. For this reo-
son, you may find it necessary to readjust the LEVEL control
when you change the vertical position of the trace. If you
desire to eliminate this effect, you can use the oc mode
provided the triggering signal is otherwise suitable for this
mode of operation. In the dc mode, the dc level of the external
triggering signals will also effect the triggering point. Gen-
erally, when the triggering signal is small compared to its

dc level, the ac mode should be used.

How to Set the Triggering Level

In the AC and DC triggering modes the LEVEL control
determines the voltage level on the triggering waveform at
which the sweep is triggered. Using this control, the sweep
con be continvously triggered at any point on the wave-
form so long as the slope of the waveform is great enough
to provide stable triggering. In the DC mode, the sweep
cannot be triggered with any degree of stability at the top
of @ squore wave, for example, because the time that the
voltage remains constant is comparatively long. As a re-
sult, the sweep triggers at rondom points along the top of
the square wave, producing considerable trace jitter.

You can use the same method to set the LEVEL control for
either the AC or DC mode. After selecting the triggering
slope, rotate the LEVEL control fully counterclockwise to
the AUTO. position. Then rotate the LEVEL control clock-
wise until the sweep no longer triggers. Continue to rotate
the control in the clockwise direction until the sweep again
triggers and o stable display is obtained. Further rotation
of the control in the clockwise direction causes the sweep
to trigger ot more positive points on the triggering wove-
form. In the fully clockwise direction the trace will free run.
[Fig. 3-6).

FREE-RUNNING OPERATION

With the Type 321, you can get a periodic, free-running
sweep, independent of any external triggering or synchroni-
zing signal, by rotating the LEVEL control fully clockwise
to the FREE RUN position. This permits you to observe the
trace without an input signal. This trace can then be used
to position the sweep or to establish o voltage reference
line. The difference between the traces produced in the
AUTO. position and the FREE RUN position is the repetition

rate. The repetition rate in the FREE RUN position is de-
pendent upon the setting of the timing switch. The repeti-
tion rate in the AUTO. position is fixed ot approximately
50 cycles. At the foster sweep rates, the trace in the AUTO,
position will appear to be dim. In the FREE RUN position the
trace intensity remains essentially constant for all sweep
rates.

VERTICAL DEFLECTION SYSTEM

Input Coupling

Input signals to the Vertical Amplifier can be either ac-
or dec-coupled by placing the AC.DC switch in the appropri-
ate position. DC coupling opplies both the ac and dc com-
ponents of the input signal to the vertical amplifier circuit,
This permits you to measure the dc voltage level as well as
the amplitude of the ac component. It is sometimes neither
necessary nor desirable to display the dc component, how-
ever, and in such cases ac coupling should be used. With
ac coupling, o capacitor is placed in series with the input
connector to block the dc component while allowing the ac
component to be displayed.

3-6

Deflection Factor

The electrical waveform to be observed is applied to the
[VERTICAL AMPLIFIER) INPUT connector. The waveform is
then opplied through the vertical-deflection system to cause
the spot to be deflected vertically to trace out the waveform
on the screen of the crt. The VOLTS/DIV. switch controls
the verticol deflection factor in accurately calibrated steps.
The VARIABLE control provides variable deflection factors
between the fixed steps of the VOLTS/DIV. control.

NOTE: To make the deflection factor equal to that indicated
by the VOLTS/DIV. switch, set the VARIABLE control full
right to the CALIB. position.

@i
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Sweep Triggers LEVEL

— . On 4Slope
Waveforms Obtained
With The Triggering _ &
Level Control Set In
The - Region
=1 : It Slope
.
Ll PN . NS -

Sweep Triggers

On - Slope
Slope T i T 1
+ —— + § -
LEVEL Sweep Triggers -t
On+Slope : ] '
Waveforms Obtained
With The Triggering
Level Control Set In
The 4+Region
Slope [ ]
+ |
| oW &
' i v o
- N/
Sweep Triggers
On - Slope ‘
Fig. 3-6. Effects on the oscilloscope disploy preduced by 4+ and — seltings of the LEVEL contrel
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Operating Instructions — Type 321

DC Balance Adjustment

The need for adjustment of the DC BAL. centrol is indi-
cated by a vertical shift in the position of the trace as the
VARIABLE (VOLTS/DIV.) control is rotated. This adjustment
should be made as follows:

1. With no signal connected to the INPUT connector, set the
oscilloscope controls for a free-running trace.

2. Rotate the VARIABLE (VOLTS/DIV.) control back and
forth, and adjust the DC BAL. control simultaneously until
the trace position is no longer affected by rotation of the
VARIABLE control.

Input Signal Connections

Certain precauvtions must be observed when you are con-
necting the oscilloscope to the input signal source. This is
to insure that accurate information is obtained from the
oscilloscope display. This is particularly true when you are
observing low-level signals, or waveforms containing high- or
extremely low-frequency components. For applications where
you are observing low-level signals, shielded cables should

Bafs ~ dmw  Tad

PROBE GROUND LEAD CONNECTED TO CHASSIS

be used whenever possible, with the shield connected to the
chassis of both the oscilloscope and the signal source. Un-
shielded input leads ore generally unsatisfactory due to
their tendency to pick up stray signals which produce er-
roneous oscilloscope displays. Regardless of the type of in-
put used, the leads should be kept as short as possible.

Distortion of the input waveform may result if:

1. Very low-frequency input signals are ac-coupled to the
oscilloscope.

2. High-frequency waveforms are not properly terminated.

3. The input waveform contains high-frequency components
which exceed the bandpass of the oscilloscope.

You must be aware of the limitations of the instrument,

In analyzing the disployed waveform, you must consider
the loading effect of the oscilloscope on the input signal
source. In most cases this loading effect is negligible;
however, in some applications loading coused by the oscil-
loscope may materially alter the results obtained. In such
cases you may wish to reduce the amount of loading to @
negligible amount through the use of a probe.

PROBE TIP CONNECTED TO SIGNAL SOURCE'
\ )

EQUIPMENT BEING CHECKED

Fig. 3-7. Cennecting a probe te the input signal seurce



Use of Probes

Occasionally connecting the input of an oscilloscope to
a signal source loads the source sufficiently to adversely
affect both the operation of the source and the waveform
displayed on the oscilloscope. In such cases an attenuator
probe may be used to decrease both the capacitive and
resistive loading caused by the oscilloscope to a negligible
value,

In addition to providing isolation of the oscilloscope from
the signal source, an attenuator probe also decreases the
amplitude of the displayed waveform by the attenuation fac-
tor of the probe. Use of the probe allows you to increase
the vertical-deflection factors of the oscilloscope to observe
large-amplitude signals which are beyond the normal limits
of the oscilloscope. Signal amplitudes, however, must be
limited to the maximum allowable value of the probe used.
When making amplitude measurements with an attenuator
probe, be sure to multiply the observed amplitude by the
attenuation of the probe.

If the woveform being displayed has ropidly rising or
falling voltages, it is generally necessary to clip the probe
ground lead to the chassis of the equipment being tested.
Select a ground point neor the point of measurement, as
shown in Fig. 3-7.

Before using a probe you must check (ond odjust if neces-
sary) the compensation of the probe to prevent distortion
of the applied waveform. The probe is compensated by ad-
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Operating Instructions — Type 321

justing the control located in the body of the probe. Ad-
justment of the probe compensates for variations in in-
put capacitance from one instrument to another. To insure
the accuracy of pulse and tronsient measurements, this od-
justment should be checked frequently.

To adjust the probe compensation control, set the VOLTS/
DIV. control to the .01 position and the LEVEL control to the
AUTO. position. Set the SLOPE switch to + and INT.-EXT.
switch to INT. Connect the probe tip to the CAL. OUT 500
MV connector. Set the TIME/DIV. switch to .5 MILLI SEC
and odjust the probe to obtain flat tops on the displayed
square waveform (see Fig. 3-8).

Voltage Measurements

The Type 321 Oscilloscope can be used to measure the
voltage of the input waveform by using the calibrated
vertical-deflection factors of the oscilloscope. The method
used for all voltage measurements is basically the some al-
though the actual techniques vary somewhat depending on
the type of voltage measurements, i.e., ac-component volt-
age measurements, and instantaneous voltage measurements
with respect to some reference potential, Many waveforms
contain both ac and dc voltage components, and it is often
necessary to measure one or both of these components.

When making voltage measurements, you should display
the waveform over as large a vertical portion of the screen
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Fig. 3-9. Measuring the peak-to-peak ac

as possible for maximum accuracy. Also, it is important
that you do not include the width of the trace in your mea-
surements. You should consistently make all measurements
from one side of the trace. If the bottom side of the trace
is used for one reading, it should be used for all succeeding
readings. The VARIABLE VOLTS/DIV. control must be in
the CALIB. position.

AC Component Voltage Measurement

To measure the ac component of a waveform, the AC.-DC
switch should be set to the AC position. In this position
only the ac components of the input waveform are displayed
on the oscilloscope screen. However, when the ac com-
ponent of the input waveform is very low in frequency, it
will be necessary for you to make voltage measurements
with the AC-DC switch in the DC position.

To make a peak-to-peak voltage measurement on the ac
component of a waveform, perform the following steps (see
Fig. 3-9).

1, With the aid of the graticule, measure the vertical dis-
tance in divisions from the positive peck to the negative
peak.

2. Multiply the setting of the VOLTS/DIV. control by the
distance measured to obtain the indicated voltage.

3. Multiply the indicated voltage by the attenuation factor
of the probe you are using to obtain the true peak-to-peak
voltage.

As an example of this method, assume thot using the
P6003 probe and a deflection factor of 1 volt per division,
you measure a vertical distance between peaks of 4 divi-
sions. In this case, then, 4 divisions multiplied by 1 volt per
division gives you an indicated voltage of 4 volts peck-to-
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peck. The indicated voltage multiplied by the probe's ot-
tenuation factor of 10 then gives you the true peak-to-peak
amplitude of 40 volts.

When sinusoidal waveforms are measured, the peak-to-
peak voltage obtained can be converted to peak, rms or
average voltage through use of standard conversion factors,

Instantaneous Voltage Measurements

The method used to measure instantaneous voltages is vir-
tually identical to the method described previously for the
measurement of the ac components of a waveform. How-
ever for instantoneous voltage measurements the AC-DC
switch must be placed in the DC position, Also, since in-
stantaneous voltages are measured with respect to some
potential [usually ground), a reference line must be estab-
lished on the oscilloscope screen which corresponds to that
potential. If, for example, voltage measurements are to be
made with respect to +100 volts, the reference line would
correspond to +100 volts. In the following procedure o
method is presented for establishing this reference line ot
ground, since measurements with respect to ground are the
most common type. The same general method moy be used
to measure voltage with respect to any other potential, how-
ever, so long as that potential is used to establish the re-
ference line.

To obtain an instantaneous voltage measurement with
respect to ground, perform the following steps (see Fig. 3-10).

1. To establish the voltage reference line, touch the probe
tip to an oscilloscope ground (or if the reference line is to re-
present a voltoge other than ground, then to a source of
that voltage) and adjust the oscilloscope controls to obtain
a free-running sweep. Vertically position the trace to a
convenient point on the oscilloscope screen. This point will
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Pre— established
Reference Line
(Usually Ground)

Instantaneous
. 2 Voltage With
Vertical Deflection — ' 1o

From Reference Line Ref e Voltage

X | VOLTS / DIV. Switch Setting [ X

Fig. 3-10. Meosuring the | Itoge with respect te ground (or some

other reference voltage) .

depend on the polarity and omplitude of the input signal, voltage reference line and all voltage measurements must be
but should always be chosen so that the trace lies along made with respect to this line, (Do not adjust the VERTICAL
one of the major divisions of the graticule. The graticule POSITION control after the reference line has been estab-

division corresponding to the position of the trace is the lished.)
ftes X Dl v}
I Appropriate TIME/DIV Switch Setting I X [ Horizontal Distance ]
Time
Sweep Magnification

Fig. 3-11. Meosuring time interval between events disployed on the escilloscope

screen.
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2. Remove the probe tip from ground and connect it to the
signal source. Adjust the LEVEL control for a stable display.

3. Measure the vertical distance in divisions from the de-
sired point on the waveform fo the voltage reference line.

4. Multiply the setting of the VOLTS/DIV, control by the
distance measured to obtain the indicated voltage.

5. Multiply the indicated voltage by the ottenuation factor
of the probe you are using to obtain the actual voltage with
respect to ground (or other reference voltage).

As an example of this method, assume you are using the
P6003 probe and a deflection factor of .2 volt per division.
After setting the voltage reference line at the second from
the bottom division of the graticule, you measure a distance
of 3 divisions to the point you wish to check. In this case,
then 3 divisions multiplied by .2 volts per division gives you
an indicated .6 volts. Since the voltage point is above the
voltage reference line the polarity is indicated to be posi-
tive. The indicated voltage multiplied by the probe attenua-
tion factor of 10 then gives you the actual voltage of 6
volts.

Time Measurements

The Calibrated sweep of the Type 321 Oscilloscope couses
any horizontal distance on the screen to represent a definite
known interval of time. Using this feature you con accur-
ately measure the time lapse between two events displayed
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on the oscilloscope screen. One method which produces
sufficient accuracy for most applications is as follows (see
Fig. 3-11).

1. Measure the horizontal distance between the two dis-
played events whose time interval you wish to find.

2. Multiply the distance meosured by the setting of the
TIME/DIV. control to obtain the apparent time interval. (The
VARIABLE TIME/DIV. control must be in the CALIB. position),

NOTE: Divide the apparent time interval by 5 if the magni-
fier is on.

For exomple, ossume the TIME/DIV, switch setting is 1
MILLI SEC, the magnifier is on, ond you measure a horizontal
distance of 5 divisions between events. In this example, then,
5 divisions multiplied by 1 millisecond per division gives you
an apparent time interval of 5 milliseconds. The apporent
time divided by 5 then gives you the actual time interval of
1 millisecond.

Frequency Measurement

The frequency of a periodically recurrent waveform can be
determined if the time interval (period) of one complete cycle
of the waveform is known, This time interval can be meo-
sured by means of the procedure described in the preceding
paragraph. The frequency of a waveform is the reciprocal
of its time interval, ie., f = 1/t



Block Diagram

The block diagrom (Parts List and Schematic Diagrams
Booklet) shows the main sections of the Type 321 Oscillo-
scope. Wavefroms to be displayed are connected to the Ver-
tical INPUT terminal, located on the front panel of the instru-
ment. Large signals are ottenuated the desired amount (up to
2000 times) in the Attenuator networks. The signal is then
amplified in the Vertical Amplifier and fed push-pull to the
vertical deflection plates of the ert,

A trigger-pickoff circuit in the Vertical Amplifier applies
a sample of the input signal to the Time-Base Trigger circuit.
This sample signal is instrumental in starting the horizontal
sweep. An external triggering signal, connected to the Trig-
ger INPUT terminal, may also be used for this purpose.

Signals of widely varying shapes ond amplitudes may be
applied to the Time-Base Trigger circuit. This circuit in turn
produces constant-amplitude output pulses which are used
to start the horizontal sweep at the proper time to insure
o stable display of the vertical-input waveform,

The output pulses from the Time-Base Trigger circuit are
applied to the Time-Base Generator to initiate the sawtooth
horizontal-sweep waveform. The sawtooth waveform is then
amplified in the Horizontal Amplifier and applied push-pull
to the horizontal deflection plotes of the crt. For X-Y ap-

SECTION 4

CIRCUIT
DESCRIPTION

plications of the instrument an externclly-generated signal
can be applied to the EXT. HORIZ. INPUT terminal. The ex-
ternal signal is then amplified by the Horizontal Amplifier
and applied to the horizontal deflection plates of the crt.

The gain of the Horizontal Amplifier can be increased five
times by pulling the (TIME BASE] VARIABLE control to the
5X MAG. position.

The Coalibrator produces a square wave output of con-
stant amplitude which can be used to check the gain of the
Vertical Amplifier and compensate the probe. A 40-mv
square wave, peak-to-peak, is coupled internally to the Verti-
cal Amplifier when the VOLTS/DIV. switch is set to the CAL.
4 DIV. position. If the gain of the amplifier is properly
adjusted, this will produce a deflection of exactly 4 divi-
sions when the (VERTICAL AMPLIFIER) VARIABLE control is
turned full right to the CALIB. position. A square wave
having a peak-to-peak amplitude of 500 mv is available
ot the CAL. OUT terminal on the front panel of the instru-
ment; this waveform can be used to compensate the probe.

The regulated power supplies in the Type 321 will operate
from o 117-v or a 234-v rms ac line, from an external dc
source (11.5v to 35v), or from o "battery pock” consisting
of either 10 size D flashlight cells or 10 size D rechargeable
cells. A built-in battery charger charges the “rechargeable”
cells when the instrument is connected to an ac source
(117 v or 234 v).

VERTICAL AMPLIFIER

Input Coupling

Input signals to the Vertical Amplifier can be either ac-
or dc-coupled. When the AC.DC switch SW40! (see Verti-
cal Amplifier circuit diagram) is in the DC position, input
signals are directly coupled to the VOLTS/DIV. switch. In
the AC position input signals are coupled through a block-
ing capacitor C401.

Input Circuit

The Vertical Amplifier requires an input signal of .01 volts,
peak-to-peak, to produce 1 division of calibroted deflection
on the crt. To satisfy this condition, yet moke the instru-
ment applicable to o wide range of input volteges, o pre-
cision aHlenuation network is incorporated into the vertical
deflection system.

@i

When the VOLTS/DIV. switch (SW410) is in the .01 position
the signal is coupled “straight through™ (without attenuation)
to the grid of V423. For all other settings of the VOLTS/DIV.
switch (except CAL. 4 DIV,) the Attenuators are switched in-
to the input circuit, either singly or in tandem pairs, so that
the input signal voltage to the Vertical Amplifier is always
.01 volt for each division of crt deflection when the VARI-
ABLE knob is in the CALIB. position.

The AMtenuators are frequency-compensated voltage divi-
ders. For dc and low-frequency signals they are resistance
dividers, and the degree of attenuation is determined by the
resistance valves. The impedance of the capacitors, at dc
and low frequencies, is so high that their effect in the cir-
cuit is negligible. As the frequency of the input signals in-
creases, however, the impedance of the copacitors decreases
and their effect in the circuit becomes more pronounced. For
high-frequency signals the impedonce of the capacitors is
so low, compared to the resistance in the circuit, that the
Attenuators become capacitance dividers.
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In addition to providing the proper degree of attenuation,
the resistance values in the Attenuators are chosen to pro-
vide the same input resistance (I megohm) regardless of the
setting of the VOLTS/DIV, switch. Moreover, the variable
capacitor at the input to each network provides a means for
adjusting the input capacitance so that it is the same value
(approximately 40 pf] for all settings of the switch.

Input C.F.

A nuvistor, V423, is used as a cathode-follower input
stage. This stage presents o high-impedance, low-capaci-
tance load to the input circuit and isolates the input circuit
from the main omplifier. R422 is the 1-megohm input
resistor. This resistor becomes a part of each attenuation
network when the VOLTS/DIV. switch is turned away from
the .01 position. R423, bypassed by C423, prevents the grid
of V423 from drawing excessive current (in the event the
stage is overdriven) when DC input coupling is used. R424
is @ parasitic suppressor.

Input E.F.

An emitter-follower stoge Q443 couples the Input CF.
to the Input Amplifier. The output impedance of Q443 is
very nearly equal to the output impedance of V423 divided
by the B of Q443. This stage thus provides the necessary
low-impedance drive (approximately 201) for the base of
Q464, one-half of the Input Amplifier stage. The opposite
emitter-follower Q453 couples a dc voltage, adjustable by
means of the DC BAL. control, to the base of Q474 (the
other half of the Input Amplifier stage). The purpose of this
dc voltage will be discussed in the following section.

Input Amplifier

The Input Amplifier consists of Q464 and Q474 connected
as an emitter-coupled poraphase amplifier. In addition to
amplifying the signal, this stage converts the single-ended
input at the base of Q464 to o push-pull output signal be-
tween the two collector circuits. Q474 operates essentially os
a grounded-base amplifier (grounded through the low output
impedance of Q453); the input signal to Q474 is developed
across the impedance in its emitter circuit.

There are two gain controls located in the common emit-
ter circuit of the Input Amplifier. One is the front-panel
VARIABLE control R478; the other is the GAIN ADJ. R468,
an internal screwdriver-adjust potentiometer. Both controls
vary the emitter degeneration and thus affect the gain of the
stage. The GAIN ADJ. control is adjusted so that the amount
of crt deflection ogrees with setting of the VOLTS/DIV.
switch when the VARIABLE control is turned full right to the
CALIB. position.

The DC BAL. control R432 is used to adjust the dc level
of Q474 so that its emitter will be at the same voltage as the
emitter of Q464 when no input signal is applied to the in-
strument. With the emitters at the same voltage there will

be no current through the VARIABLE control, With this con-
figuration an adjustment of the VARIABLE control will not
affect the dc level in the collector circuit of the Input Ampli-
fier and will therefore not affect the positioning of the beam,

Vertical Positioning

The VERTICAL POSITION control is @ dual control, con-
nected between 410 volts and —10 volts. It is connected
electrically so that as the voltage at one arm changes in the
positive direction the voltage at the other arm changes in the
negative direction. This couses the voltage at the base of
Q483 to change in the opposite direction to the voltage ot
the base of Q493. The change in base voltage at the sec-
ond E.F. (emitter-follower) stage will be reflected as a change
in deflection voltage at the crt, since direct coupling is em-
ployed between these two points,

The Second EF. state provides a high-impedance, low-
capacitance load for the Input Amplifier, and provides o
low-impedance drive for the base of the Output Amplifier.

Output Amplifier

The Output Amplifier Q504-Q514 is a conventional col-
lector-loaded, push-pull amplifier to drive the vertical de-
flection plates of the crt. There are two time-constant net-
works connected between the two emitters.

In instruments S/N 101-1880, one network consists of
R507, R508, C507 and C508. This is an extremely short
time-constant network (a fraction of a microsecond) and
affects only fast-rise signals. The capacitive branch of this
network offers less degeneration at high frequencies and
thus improves the high-frequency response of the stage.
The amount of high-frequency compensation can be ad-
justed by means of variable capacitor C508. On instruments
S/N 1881 ond up, an additional network has been odded,
consisting of diodes D506 ond D507, connected back to
back across R509 in series with 507. This additional network
reduces compensation ot the upper and lower deflection
limits of the CRT by acting aos an automatic gain control
for signals at extremes of high and low amplitude.

The other time-constant network consists of R517, R518
and C518. This is @ much longer time-constant network, and
compensates for the thermal time-constant of the transistors.
At dc ond extremely low frequencies the impedance of C518
is 50 high that the effect of this network is negligible. Above
this range, however, the impedance of C518 decreases and
the shunting resistance of R517 and R518 decreases the de-
generation slightly. R518, the LF COMP, control, is used
to adjust the time-constant for optimum results.

The dc level of the Output Amplifier is established, in
part, by the divider between the collector of the Input
Amplifier and the base of the Second E.F. (R463 and R444
on one side and R473 and R474 on the other]. These dividers
help set the dc level of Q504 ond Q514 so that the maxi-
mum swing in collector voltage can be obtained.

TRIGGERING

Time-Base Trigger

The Time-Base Trigger circuit consists of a Trigger Input
Amplifier stage Q14-Q24 and o rectangular-pulse Trigger
Multivibrator Q35-Q45. The function of the trigger circuitry
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is to produce a positive-going rectangular pulse at the col-
lector of Q45 whose repetition rate is the same as that of
the triggering signal. The positive step is then differentiated
to produce a very sharp positive spike (trigger) which is
used fo trigger or start the sweep.
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Triggering Signals

The triggering-input signal, from which the rectangular
output is produced, may be obtained from an external source
through the (TRIGGERING) INPUT terminal, or it may be
obtained from the Vertical Amplifier. When the INT.-EXT.
switch SW2 is in the EXT. position, the input circuit is ar-
ranged to receive external signals. In the INT. position, the
signal is received internally from the Vertical Amplifier. A
Trigger-Pickoff stage Q524 (shown on the Vertical Amplifier
diogram) receives o sample of the vertical-output signal
from the collector circuit of Q514. The amplified signal ot
the collector of Q524, which is in phase with the vertical
input signal at the grid of V423, is then coupled to the Time-
Base Trigger circuit.

When the AC-DC switch SW8 is in the AC position trig-
ger-input signals are ac-coupled through C8; in the DC po-
sition C8 is bypassed with o direct connection.

Trigger Multivibrator

The Trigger Multivibrator is o bistable Schmitt circuit. It
is forced from one of its stable states into the other by the
triggering signal opplied to the base of Q35. In the first
stable state (ready to receive o signal) Q35 is cut off and its
collector voltage is up [near ground). This holds up the base
of Q45, since the two circuits are de-coupled, and Q45 con-
ducts. With Q45 conducting its collector voltage is down;
hence no output is being produced.

A positive-going signal is required ot the base of Q35 to
force the Multivibrator into its second stable state to pro-
duce the positive step at the collector of Q45. However,
since the signal at the base of Q35 is an omplification of the
triggering signal, it contoins beth positive- and negative-go-
ing portions.

The positive-going portion of the triggering signal will
drive the base of Q35 in the positive direction. When the
base voltage reaches cutoff Q35 starts conducting and its
emitter voltage will rise, following the base. This pulls up
the emitter of Q45, since the two emitters are stropped to-
gether,

At the same time the collector voltoge of Q35 starts to
drop, which pulls down the base voltage of Q45. With the
base of Q45 down and its emitter up. Q45 cuts off. As Q45
cuts off its collector voltage rises, creating o positive step at
the output. This transition occurs very ropidly, regardless of
how slowly the base signal of Q35 may rise

When the signal at the bose of Q35 starts in the negative
direction just the opposite chain of events will occur. Q35
will cut off and its collector valtage will rise. This will pull
the base Q45 out of cuteff and Q45 will conduct. As Q45
conducts its collector voltage drops; this completes the posi-
tive step-voltage output from the Trigger Multivibrator cir-
cuit,

Trigger-Input Amplifier
Although the output of the Trigger Multivibrator is always

a positive step voltage, the start of the step may be initiated
by either the rising (positive-going) or falling [negative-go-
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ing) portion of the triggering signal. The amplified trigger-
ing signal is always taken from the collector of Q24, but
the base of either tronsistor (Q14 or Q24 can be connected
to the input circuit. When the SLOPE switch SW15 is in the
+ position the base of Q14 is connected to the input cir-
cuit and the base of Q24 is connected to a bias source ad-
justable by means of the LEVEL control. With this con-
figuration Q14.Q24 is an emitter-coupled amplifier and the
signal at the collector of Q24 is in phase with the signal
ot the base of Q14. A positive-going signal at the input
will therefore produce o positive-going signal ot the base
of Q35 and, as explained previously, this is the action that
initiates the sweep. The sweep will therefore start on the
positive slope [rising portion) of the triggering signal when
the SLOPE switch is in the 4 position.

When it is desired to trigger the sweep on the falling or
negative-going portion of the triggering signal, the signal
ot the base of Q35 must be opposite in polarity to the sig-
nal at the input circuit. This is accomplished by placing the
SLOPE switch in the — position. With this arrangement the
base of Q24 is connected to the input circuit and the base
of Q14 is connected to the bias source. This eliminates Q14
from the omplifier circuit and Q24 becomes a collector-
loaded amplifier. The output signal will therefore be op-
posite in polarity to the base signal.

Triggering Level

The setting of the (TRIGGERING) LEVEL control determines
the point (instantaneous voltage) on the triggering signal at
which the sweep is started. This is accomplished as follows:

The hysterisis of the Trigger Multivibrator is determined
by the dividers in the base circuit of each transistor. The
quiescent state of the Trigger-Input Amplifier is such that the
collector voltage of Q24 is about in the center of the hyster-
isis of the multivibrator. An adjustment of the LEVEL con-
trol will vary the bias on the transistor to which it is con-
nected. This in turn will vary the quiescent voltage at the
collector of Q24, within the hysterisis range of the multivi-
brator. By adjusting the LEVEL control, the operator can se-
lect the point on the waveform at which he wishes to trigger
the sweep.

Automatic Triggering

The sweep can be triggered automatically, instead of man-
vally, by turning the LEVEL control full left to the AUTO. po-
sition, In the AUTO. position SW17 is opened, which al-
ters the circuit configuration as follows: (o) C30 is connected
into the circuit; (b] the LEVEL control R17 is disconnected
from circuit; and [c) all triggering-input signals are ac-coup-
led through C8 regardless of the setting of the AC-DC
switch,

In the automatic (AUTO.] triggering mode, the Trigger
Multivibrator is converted from o bistable configuration to
o recurrent (free-running) configuration. (This is not to be con-
fused with the FREE RUN position of the LEVEL control; in
the latter position the Time-Base Generator free-runs).

The addition of C30 to the circuit causes the Trigger Mul-
tivibrator to free-run in the obsence of a triggering signal.
For example, assume the bose of Q35 is just being driven in-
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to cutoff; the voltage at the collector of Q35 then starts to
rise. The rise in collector voltage is coupled back to the
base of Q35 through R32. However, the voltage ot the base
of Q35 cannot rise immediately, following the collector.
The oddition of C30 makes the time-constant such that it
takes about 10 milliseconds for the voltage ot the base to
rise exponentially from its starting point, below cutoff, to a
point where collector current can start.

As Q35 starts conducting its collector voltage drops. The
base voltage will then start falling exponentially. When the

base voltage falls below cutoff, the circuit will have com-
pleted one cycle of its approximately 50-cycle output.

With the circuit configuration just described, the sweep
can be triggered with repetitive signals, over a wide range
of frequencies, without readjustment. When not receiving
triggers, the sweep continues at approximately a 50-cycle
rate. Thus, in the absence of any ftriggering signal the sweep
generales a base line which indicates that the instrument is
ready to display any signal (within the voltage and fre-
quency limits of the instrument] that might be connected to
the vertical deflection system.

SWEEP GENERATION

Time-Base Generator

The positive-going pulses, produced by the Time-Base
Trigger circuit, are differentiated in the base circuit of Q135.
The sharp positive spikes produced by the differentiation
process are used to start the sweep; the negative spikes are
not used.

The Time-Base Generator consists of three main circuits. . .
a bistable Sweep-Gating Multivibrator, a Miller Integrator
Circuit and a Hold-Off circuit. Transistors Q135 and Q145
make up the Sweep-Gating Multivibrator. In the stable state
immediately following a sweep Q135 is nonconducting and
Q145 is conducting.

The essential components in the Miller Circuit are the
Miller transistors Q141 and Q163, the emitter-follower Q173,
the gating transistor Q153, the “disconnect” diode D153, the
Timing Capacitor C160 and the Timing Resistor R160. The
Hold-Off Circuit consists mainly of the emitter-follower Q183
and the Hold-Off Capacitors C180 and C181.

In the quiescent state the gating transistor Q153 is held
in conduction [by the conducting multivibrator transistor
Q145) and its emitter voltage is negative. This holds the
cathode of D153 negative and forces the diode to conduct.
In this state the low forward impedance of Q153 and D153
shunts the Timing Capacitor and prevents it from charging.
This action also clamps the Miller Circuit in such a way that
the emitter-followers Q163 and Q173 conduct very little and
the amplifier Q161 conducts heavily.

Sweep Generation

The next positive trigger to arrive at the base of Q135
will force the Sweep-Gating Multivibrator into its second
stable state in which Q145 is cut off. The rise in voltage
at the collector of Q145 pulls up the base of Q153 and this
stage cuts off. The rise in voltoge at the emitter of Q153
then back-biases D153 and the diode stops conducting. This
action unclamps the Miller Circuit and permits it to seek its
own voltages.

The base of Q163 then starts positive, since it is connected
through the Timing Resistor to the +45.volt bus (when the
VARIABLE control is in the CALIB. position). The emitter of
Q163 and the base of Q161 also stort positive, following the
base of Q163. The collector of Q161 then storts negative,
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carrying with it the base and emitter of Q173. This couses
the voltage at the lower side of the Timing Capacitor to in-
crease in the negative direction which in turn pulls down
the base of Q163 and prevents it from going positive. The
gain of the Miller Circuit is such that the feedback network
maintains the voltage at the base of Q163 virtually con-
stant (within about one-tenth of a volt).

The Timing Capacitor then starts charging with current
through the Timing Resistor and the emitter-follower Q173.
Since the voltage at the base of Q163 remains essentially
constant, the voltage across the Timing Resistor, and hence
the charging current through it, remains essentially constant.
The Timing Capacitor therefore charges linearily, and the
voltage at the emitter of Q173 increases linearily (in the
negative direction). Any deporture from o linear increase
in the voltage ot this point will produce a change in the
voltage at the base of Q163 in a direction to correct for the
error,

The linear increase in voltage at the emitter of Q173 is
used as the sweep time bose. Timing Capacitor C160 and
Timing Resistor R160 are selected by the setling of the TIME/
DIV. switch SW160. The Timing Resistor determines the cur-
rent that charges the Timing Capacitor. By means of the
TIME/DIV. switch, both the size of the capacitor being
charged and the charging current can be selected to cover
o wide range of sweep speeds. The sefting of the TIME/
DIV. switch therefore determines the speed at which the
spot moves across the crt.

If uncalibrated sweep rotes are desired the VARIABLE
control R160V can be turned away from the CALIB. position.
This connects the Timing Resistor to a voltage adjustable be-
tween +4-45v and +10 v, which varies the sweep rate over
about o 4 to 1 range.

The SLOW SWP. ADJ. R167 is adjusted to regulate the
current through Q163 so that no base current flows through
R161 ot slower sweep rates. The capacitor current is small
at slow sweeps, and any base current other than that in
R162 will affect the timing. R167 is adjustable to accommo-
date variations in transistors,

Retrace

The length of the sweep...the distance the spot moves
across the crt...is determined by the setting of the SWP
LENGTH control R176. As the sweep voltage increases



negatively at the emitter of Q173 there will be a linear in-
crease in voltage at the arm of R176 ond ot the base of
Q183. This will pull down the voltage at the emitter of
Q183 and at the base of Q135. When the voltage at the
base of Q135 falls to cutoff, the Sweep-Gating Multivibrator
will rapidly revert to its original state with Q135 cut off and
Q145 conducting. The voltage at the collector of Q145 will
then drop, carrying with it the base of Q153. This will gate
on Q153 and the diode D153 and provide a discharge path
for C160.

The resistance through which C160 discharges (R153 and
the forward resistance of Q153 and D153) is much less than
that through which it charges (R160, R178 and the forward
resistance of Q173). The capacitor current during discharge
will therefore be much lorger than during charge, and the
Miller transistors will return rapidly to their quiescent state.
This produces the retrace portion of the sweep sawtooth,
during which time the crt beam returns rapidly to its stort-

ing point.

Hold-Off

The Hold-Off Circuit prevents the Time-Base Generator
from being triggered during the retrace interval. In addition,
the hold-off allows o finite time for the sweep circuits to re-
gain a state of equilibrium after the completion of a sweep.

During the trace portion of the sweep sawtooth the Hold-
Off Capacitors C180-C181 charge through Q183 as a re-
sult of the drop in voltoge at the emitter of Q183. This
pulls the base of Q135 negative until Q135 cuts off. As ex-
plained previously, this is the action that initiotes the re-
trace.

At the start of the retrace C180 and CI18] start discharg-
ing through R181. The time-constant of this circuit is such
that during the retrace, ond for o short period after the
completion of the retroce, the base of Q135 is held for
enough below cutoff that positive triggers cannot switch the
Sweep-Gating Multivibrator. When the Hold-Off Capaci-
tors have discharged to o predetermined voltage (established
by the setting of the STABILITY control) the effect of the
hold-off is removed. This returns the Sweep-Gating Multi-
vibrator to its quiescent state in which it can be triggered
by the next positive trigger *o arrive at the base of Q135.

Stability Control

The STABILITY contral R111 regulotes the dc level at the
base of Q135 within the hysterins of the Sweep-Gating
Multivibrator. When this control 15 properly odjusted, the
base of Q135 is held just negative enough that QI35 is
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back-biased and nonconducting; this prevents the circuit
from free-running. The base voltage must be sufficiently
close to cutoff, however, that positive triggers can pull Q135
out of cutoff and force the multivibrator into its other state
to initiate the sweep.

During the trace portion of the sweep sawtooth, when the
Hold-Off Capacitors are charging, the emitter of Q183 is
forced negative. When the emitter of Q183 is more nega-
tive than the arm of the STABILITY control the diode D111
is back-biased; this disconnects the STABILITY control from
the Multivibrator circuit.

During the retrace portion of the sweep sawtooth the
Hold-Off Copacitors discharge. When the voltage at the
emitter of Q183 rises to the voltage at the arm of the STABIL-
ITY control the diode D111 conducts and clamps the Hold-
Off Circuit at this voltage. With the base of Q135 clamped
in this manner, o sweep can only be produced when a posi-
tive trigger pulls Q135 out of cutoff.

However, should a free-running trace be desired, the
(TRIGGERING) LEVEL control con be turned full right to the
FREE RUN position. This opens switch SW17 and forces the
arm of the STABILITY control to ground potential. This per-
mits the base of Q135 to rise to cutoff immediately upon
removal of the hold-off voltage, ot which point the next
sweep is initiated.

Unblanking

The crt in the Type 321 contains o second set of horizontal
deflection plates (pins 6 and 10; see diagram for CRT Cir.
cuit). Pin 10 is connected to <410 volts; pin 6 is connected to
the Unblanking Amplifier (shown on the Time-Base Gener-
ator diagram). In the interval between sweeps, pin & rests
at about —20 volts; the crt beam is therefore deflected off

the screen and is not visible.

When a positive trigger switches the sweep-Gating Multi-
vibrator to start a sweep, the negative gate at the collector
of Q135 is coupled to the base of Q194. This results in a
30-volt positive gate at the collector of Q194, which in turn
is fed to pin é of the crt. The 30-volt positive gate, whose
start and duration are coincident with the start and duration
of the sweep, pulls pin é of the crt up to +10 volts, the same
os pin 10. This deflects the crt beam bock into the range
of visibility for the trace portion of the sweep sawtooth.

Transistor Q199 is connected as a load-stabilizer. Q199
conducts when Q194 is nonconducting. When Q194 con-
ducts, during sweep time, Q199 is nonconducting. This cir-
cuit prevents the switching of Q194 from changing the load
on the power supply, and therefore prevents crosstalk to the
Vertical Amplifier.

HORIZONTAL AMPLIFIER

Input Circuit
The Horizontal Amplifier consists of an emitter-follower

input stage Q313 and an emitter-coupled poraphese ampli-
fier Q334-Q344. For all sweep-time settings of the TIME/

®i

DIV. switch, the negative-going sweep sowtooth produced
by the Miller Circuit is coupled to the Input EF. Q313 via
the frequency-compensated voltage divider R311-R312. In the
EXT. HORIZ. INPUT setting of the switch, Q313 receives its
signal from the EXT. HORIZ. INPUT connector, This setting
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of the switch also produces the following results: (1) The
Time-Base Generator is rendered inoperative; (2) The emit-
ter of Q194 (Unblanking circuit) is clamped ot about 410
volts, thus removing the unblanking potential at pin 6 of the
crt.

Emitter-follower Q323 balances the Horizontal Amplifier
for dc potentials. This stage also couples the positioning
voltage from the HORIZONTAL POSITION control R321 to
the amplifier circuit.

Output Amplifier

Q334 and Q344 are connected as an emitter-coupled para-
phase amplifier to provide the push-pull drive fore the hori-
zontal deflection plates of the crt. The setting of the HORIZ.
GAIN control R338 determines the emitter degeneration and
thus sets the gain of the stage. A second gain control R348
(MAG. GAIN)] is connected across R338 when the VARIABLE
timing control is pulled out to close SW348. This action de-
creases the degeneration and increases the gain 5 times to
provide 5X sweep magnification.

REGULATOR CIRCUIT

Power Sources

The function of the Regulator Circuit in the Type 321 is to
provide a regulated 10 volts dc for the converter-type power
supply. The Regulator is designed to operate from a self-
contained battery pack, from an external 11.5-v to 35-v dc
source, or from either 117-v or a 234.v rms, 50-800 cycle
ac line.

The ac rectifier is the conventional full-wave type, with @
capacitor-input filter. The primary of the power transformer
T601 has split input windings; these may be connected in
parallel for operation from a 105-125 volt line, or in series
for @ 210-250 volt line.

Operation from an external dc source is accomplished by
connecting the special pigtail-type dc power cord in the
proper manner. For 11.5- to 23-v operation, the black (+)
and white (—) leads are connected to the volltage source;
for 22- to 35-v, the green () and white (—) leads are con-
nected fo the source.

Automatic Voltage Selection

The operation of the power-input circuit is unique in that
if all three sources of power (ac, external dc or battery) are
connected to the instrument, the one providing the high-
est voltage will automatically be connected to the Regulator.
This is accomplished by the action of the "disconnect’ diodes
D620, D621 and D622.

For example, the ac rectifier is designed to provide a
voltage of about 16 volts across C620 at normal line volt-
ages. This will back-bias D621 by at least 2 volts [since the
full-charge voltage of the batteries is about 14 volts) and
disconnect the batteries from the circuit. And, if the voltage
on the external dc bus is less than 16 volts, D622 will also
be back-biased. However, should the voltage on the exter-
nal dc bus exceed 16 volts, D620 will then be back-biased
and the ac supply will be disconnected from the regulator
circuit.

Voltage Regulation
The Regulator circuit is designed to respond both to
changes in supply voltage and to changes in loading. Re-

ference voltage for the Regulator is furnished by the Zener
diode D629. This diode provides a constant dc voltage of
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about +6.2 volts with respect to the common negative bus,
at the base of Q624, one-half of a difference amplifier, The
base voltage for the other half of the difference omplifier,
Qé634, is obtained from a divider R650, R651 and Ré52. The
10V ADJ. control Ré51 determines the percentage of toial
voltage that appears at the base of Q634 and thus deter-
mines the total voltage across the divider. This control is
adjusted so that the output is exactly 10 volts.

The regulation of the output, in the presence of line-volt-
age or load changes, is accomplished by varying the im-
pedance of Q657 in a direction to compensate for the
change. For exomple, assume the output voltage tends to
decrease. This will lower the base voltage of Q634 and alter
the current distribution through the difference omplifier. That
is, the current through Q634 will decrease and the current
through Q624 will increase.

The resultant drop in voltage at the collector of Q624 will
pull down the base and emitter of Q654. This action drives
the base of Q657 toward its collector, which increases the
current through Q657 and lowers its impedance.

The voltage across C620 is equal to the output vollage
plus the drop across Qé657. The decrease in impedance of
Q657 lowers its emilter-to-collector voltage, which causes
the output voltage to increase to its proper value,

If the oulput voltage tends to increase, just the opposite
will occur. The base voltage of Q634 will increase, more
current will flow through Q634 and less current will flow
through Q624. The rise in voltage at the collector of Q624
will pull up the base and emitter of Q654, and the base
of Q657. This decreases the current through Q657 and
increases its impedance.

As the impedance of Q657 increoses its vollage drop in
creases. This in turn lowers the output voltage to its proper
value.

Battery Charger

When the Type 321 is connected to a source of ac power
and the POWER switch is turned off, the rectified output
of Té01 is sufficient 1o cause o back current through the 12-
volt battery, resulting in a charging of the cells (if recharge-
able cells are used). The resistive network of R692, Ré93
and the internal resistance of the cells determine the amount
of charging current which will flow, When the Charger
switch is in the 2.5 AH position, 200 ma will flow through



the battery. When the Charging switch is in the 4 AH
position, 400 ma will flow through the battery. When the
Charger switch is in the DRY CELL position, the circuit is
opened up and no current will flow.

Circuit Description — Type 321

When the POWER switch is turned ON, Ré94 is inserted
in series with R692 and/or R693 and the current is limited to
about 30 ma, just enough to maintain the existing charge
on the cells.

CONVERTER

The regulated 10 volts output of the Regulator circuit is
applied to the Converter transistors Q700-Q710. Both
transistors are biased in the forward direction when power
is applied, but because of slight differences in characteristics
one will start conducting before the other. Current flowing
in the collector circuit of the conducting transistor will then
induce a voltage into the base windings (terminals 5, 6 and
7) of transformer T701. The polarity of the base voltages in-
duced will be such that the conducting transistor will con-
duct more, and the nonconducting transistor will be driven
into cutoff.

The buildup of current in the conducting transistor will
continue until the transformer saturates. At saturation the
induced voltage in the base windings will start decaying
and the conducting transistor will accordingly conduct less.
The collapsing field will then induce vollages of the opposite
polarity in the base windings. This will drive the transistor
that had been conducting inte cutoff, and turn on the tran-

sistor that had previously been cut off. The circuit will then
produce a secondary voltage of the opposite polarity. The
repetition rate of the circuit is about 2 ke.

The transistor current, flowing in the primary circuit of
T701, is trapezodial in shape; the secondary voltage is there-
fore a square wave. A full-wave rectifier with capacitor-in-
put filters provides dc output voltages of —45, —10, +6.3,
+10 and +45 volts. An additional half-wave rectifier cir-
cuit provides —720 volts for the crt gun.

A square wave of approximately 100 volts, peak to peak,
is coupled from terminal 10 of T701 to the Calibrator circuit
(shown on the Vertical Amplifier and Calibrator diagram).
The 100-volt square wave is clipped in Q874 and divided
down to provide the 500-millivolt external signal available
at the CAL. OUT 500 MV. terminal, and the 40-millivolt
square wave internally coupled to the Vertical Amplifier in
the CAL. 4 DIV, position of the VOLTS/DIV, switch.

CRT CIRCUIT

CRT Control Circuits

The INTENSITY control RB44, part of a divider connected
between —720 volts and ground, varies the crt grid vollage
to regulate the beam current. The FOCUS control R842 var-
ies the voltoge ot the focusing anode to set the second
cross-over point right ot the crt screen. The ASTIGMATISM
control RB64 varies the voltage ot the astigmatism anode to
focus the spot in both dimensions simultaneously. The
GEOM. ADJ. RB61 varies the field the beam encounters as

it emerges from the deflection system to control the linearity
ot the exiremes of deflection.

High Voltage Supply

A pentupler, starting with the voltage at Terminal 16 of
T701, builds up o potential of 3350 volts for the post-deflec-
tion accelerator in the CRT. This provides an accelerating
potential of approximately 4KV, since the cathode voltage
is about —670 volts.
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SECTION S

MAINTENANCE

PREVENTIVE MAINTENANCE

Recalibration

The Type 321 Oscilloscope is a stable instrument and will
provide many hours of trouble-free operation. To insure the
reliability of meosurements obtained on the Type 321 how-
ever, we suggest its calibration be checked after each 500
hours of operation, or ot least every six months if used
intermittently. A check of the calibration also provides a
means for checking the operation of each circuit. Minor
operational deficiencies that are not apparent in normal use
are often detected during a calibration check.

A complete step by step procedure for checking the cali-
bration of the instrument is included in the Recalibration Pro-
cedure section of this manual.

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 repeated use
of ordinary tin-lead solder, or by excessive heating of the
terminal strip with a soldering iron. However, occasional
use of ordinary solder will not break the bond if too much
heat is not opplied.

In those shops responsible for the maintenance of several
Tektronix instruments it is advisable to have a stock of solder
containing about 3% silver. This type of solder is used
frequently in printed-circuit work and is generally availoble.
Or it can be purchased from Tektronix in one-pound rolls;
order by part number 251-514,

REMOVAL AND REPLACEMENT OF PARTS

General Information

Procedures required for replacement of most parts in the
Type 321 Oscilloscope cre obvious. Detailed instructions
for their removal are therefore not required. Other parts,
however, can best be removed if a definite procedure is
followed. Instructions for removel of some of these parts
are contained in the following paragraphs. Becouse of the
nature of the instrument, replacement of certain parts will
require that you recolibrate portions of the oscilloscope to
insure proper operation (refer to the Recalibration Procedure
portion of this manual).

Removal of Panels

The panels of the Type 321 Oscilloscope are held in place
by small screwheod fasteners. To remove the side penels
use a screwdriver to rotate the fosteners opproximately two
turns counterclockwise; then pull the upper portion of the
panel outward from the carrying handles. Panels ore re-
placed by reversing the order of their removal.

To remove the battery case, turn fastener at the front one-
quarter turn and pull front end out for a short distance. Then

®1

slide the battery case forward to clear the clips at the rear
end (see Fig. 2-2).

Replacement of the Cathode-Ray Tube

To remove the crt, first disconnect the tube socket and all
leads connected to the neck of the tube. Loosen the tube
clamp at the base of the crt and remove the graticule cover
and graticule, Pull the crt straight out through the front
panel. When the new crt is in place, the leads con be pro-
perly connected to the neck of the tube by following the
color code information provided on the tube shield. After
replacement of the crt, it will be necessary to check the
calibration of the oscilloscope.

Replacement of Switches

Methods for removel of defective switches are, for the
most part, obvious end only a normal amount of care is re-
guired. Single wafers are normally not reploced on the
switches. |f one wafer is defective the entire switch should
be reploced. Switches can be ordered from Tektronix either
wired or unwired, os desired.

5-1



Maintenance — Type 321

REPLACEMENT PARTS

Standard Parts

Replacement parts can be obtained from Tektronix at cur-
rent net prices. However, since most of the components are
standard parts they can usually be purchased locally. Be-
fore ordering or purchasing parts, be sure to consult the
Parts List to determine the tolerances required.

Selected Transistors

To obtain maximum reliability and performance, some of
the transistors in the Type 321 are checked for certain char-
acteristics. Specially selected transistors are identified with
a part number beginning with 153-___ .

These transistors are selected for certain collector-to-emitter
breckdown voltages. For replacement purposes we suggest
that you obtain these specially selected transistors from the
local Tektronix field office.

Tektronix-Manufactured Parts

Tektronix manufactures almost all of the mechanical ports,
and some of the electronic components, used in your instru-
ment. When ordering mechanical parts, be sure to describe
the part completely to prevent delays in filling your order.

The Tektronix-manufactured electronic components are
so noted in the parts list. These components, as well as the
mechanical parts, must be obtained from the factory or from
the local Tekironix Field Engineering Office.

Parts Ordering Information

Each component in this instrument has a six-digit Tektronix
part number. This number, together with a description of the
part, will be found in the Parts List. To expedite filling your
order be sure to include the following information when or-
dering parts:

1. A description of the part.
2. The part number.
3. The instrument type and serial number.

For example, a certain resistor should be ordered as fol-
low: R650, a 4700, '/, watt, Fixed, Comp., resistor, ialer-
ance 10%, port number 316-471 for a Type 321 Oscilloscope,
serial number___ . When parts are ordered in this man-
ner we are able to fill the order promptly and deloys thet
might result from transposed digits in the part number are
avoided.

NOTE
Always include the instrument TYPE and SERIAL NUM-
BER in any correspondence concerning this instrument,

Since the production of this instrument some of the com-
ponents may have been superceded with newer, improved
components. If we receive an order for a component that
has been superceded by a newer one, the new one will be
shipped in place of the original. All Tektronix field offices
have knowledge of these changes, and your local Field En-
gineer may call you if a change in your purchase order is
necessary.

Replacement information notes sometimes accompany the
new components to aid in thier installation.

TROUBLESHOOTING PROCEDURE

This section of the manual contains information for trouble-
shooting the Type 321 Oscilloscope. Before attempting to
troubleshoot the instrument, however, make sure that any
apparent trouble is actually due to @ malfunction within the
instrument and not due to improper control settings. Oper-
ating instructions for the Type 321, and general information
concerning batteries and battery chargers, are contained in
other sections of this manual.

The component number of each resistor, inductor, capacitor,
transistor, vacuum tube, control and switch is shown on the
circuit diagrams. The following chart lists the component
numbers associated with each circuit.

All numbers less Time-Base Trigger
than 100

All 100 numbers Time-Base Generator

All 300 numbers Horizontal Amplifier

All 400 ond Vertical Amplifier
500 numbers

All 600 numbers Regulator Circuit &

Charger
Converter Circuit
CRT Circuit ond

Calibrator

All 700 numbers
All 800 numbers

CIRCUIT TROUBLESHOOTING

Although the Type 321 is a complex instrument, it can be
thought of as consisting of seven main circuits, in oddition
to the calibrator circuit and battery charger. These are the
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1. Regulator Circuit

2. Converter Circuit

>



3. CRT Circuit and High-Voltage Supply
4. Vertical Amplifier

5. Time-Base Trigger Circuit

6. Time-Base Generator

7. Horizontal Amplifier

The first circuit to check, for practically any type of
trouble, is the 10-Volt Regulator Circuit. An improper out-
put voltage from this supply will affect the operation of the
entire instrument.

In some cases an improper voltage from the Converter
may affect one circuit more than the others. In these cases,
valuable time can be saved by checking the supply voltages
first,

On the other hand, the crt display can often be used to
isolate trouble to one particular circuit when trouble ob-

Maintenance — Type 321

viously exists in that circuit. If there is no vertical deflection,
for example, when the intensity and horizontal deflection
appear to be normal, it is apparent that an open condition
exists in the Vertical Amplifier and this circuit should be in-
vestigated first.

The material that follows contains information for trouble-
shooting each circuit for troubles that may be coused by a
defect in the circuit. A method is described, in some in-
stances, for locating the stage in which the trouble may be
originating; once the stage ot fault is known, the components
causing the trouble can be located by voltoge and resistance
measurements or by substitution. In certain other instances
the information is more specific and the trouble can be
traced to a particular component.

Circuit failure may be caused by transistor failure. ¥ re-
placement of a defective transistor does not correct the
trouble, then check the components associated with the tran-
sistors.

TROUBLESHOOTING THE REGULATOR CIRCUIT

Proper operation of every circuit in the Type 321 depends
on proper operation of the Regulator circuit and the Con-
verter. The DC voltages must remain within their specified
tolerances for the instrument to retain its calibration.

Open Power Circuit (Dead Circuit)

With the AC 117V line (or 234V) connected, an increase in
the SCALE ILLUM. control (cw) should brighten the graticule

Disconnect Terminals £

1 and 2 ~
To Disable Converter

lights. If the graticule lights do not come on, check the
source of power, power connection and the fuse F601. NOTE:
Disconnect the power cord when working on the transform-
er Té01 or associated circuits. If the fuse is blown, replace
it with one of the proper value and reconnect the ac line
cord. If the new fuse blows immediately, check the power
transformer for shorted primary or secondary windings.
Shorted rectifiers in the secondary circuit will also blow the
fuse F601. Check for an open primary winding in the pow-
er transformer if the fuse is good.

L) i
Disconnect Wire To Disable CRT S

Rear Panel
vwd 4 L 1T

Fig. 5-1. Troublesh

ing the Regul Circuit,
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Incorrect Voltage

With the POWER switch in the ON position, you should
measure exactly 10 volts across C657; (see Fig. 6-1). If this
voltage is not present, check for an open fuse F621 or therm-
al cutout switch TKé21. (Resistance of the thermal cutout
switch is about .1 €2.) If the fuse is blown replace it with one
of the proper value and turn the instrument on again. If the
new fuse blows immediately, disconnect either the Conver-
ter circuit or the CRT circuit, or both, from the Regulator cir-
cuit to isolate the trouble (see Fig. 5-1). If the fuse con-
finves to blow then the trouble lies in the Regulator circuit.
If the Regulator circuit is free of trouble connect, one ot a

time, the Converter and the CRT circuit to locate the source
of trouble. Once the circuit at foult is known, you can then
troubleshool within this circuit to locate the delective com-
ponent(s). The Circuit Description of the circuit involved moy
prove useful when troubleshooting within a given circuit.

If verying the line voltage between 105 and 125 volts
lor 210 and 250 volts for 234-v operation) varys the output
of the 10-Volt Regulated supply, check for defective transis-
tors in the Regulator circuit. The transistors Q700 and Q710
in the Converter circuit and the transistor QB00 in the CRT
circuit may also offect the regulation of the 10-Volt Regu-
lated supply.

TROUBLESHOOTING THE CONVERTER

The Converter vollages depend upon the operation of
Q700 and Q710. These are the converter transistors and
failure to operate will result in zero output.

Test points for checking the converter voltages are located
on the right side of the oscilloscope (Fig. 6-2). If the con-
verter transistors, Q700 and Q710, are inoperative, check to

see if the regulated 10 volts are being opplied across the
converter transistors. Also check for shorted primary or
secondary windings (T710). A short in any rectifier circuit
will also cause the converter to be inoperative. If an im-
proper voltage reading is obtained at any of the indicated
points, check the 10V. ADJ. control R651 for correct setting.

TROUBLESHOOTING THE CRT CIRCUIT

The intensity, focus, geometry and calibration of the crt
display depend on proper operation of the —720-volt sup-
ply and the high-voltage supply in the crt circvit. The —720
volts is dependent upon the converter for proper operation,
For trouble in this supply refer to the converter troubleshoot-
ing procedure.

No Intensity

If the low-voltage power supply is operating normally,
but no spot or trace is visible on the crt, the trouble could be
a defective crt, a defect in the crt circuit including the —720-
volt supply, an unbalanced condition in either or both of
the deflection amplifiers, o defect in the Time-Base Generator
circuit, or a defective unblanking circuit (to produce a spot
or trace on the screen the crt must be unblanked).

To determine which circuit is at fault, turn the INTENSITY
control full right. Set the LEVEL control to FREE RUN and the
TIME/DIV. control to 1 MILLI SEC. Short the vertical deflec-
tion plates together (at the neck pins on the crt) with a screw-
driver, Be extremely careful not to short either pin to the
metal shield around the crt. Adjust the HORIZONTAL PO-
SITION control and see if a spot or frace appears on the
ert. If so, a state of unbalance in the vertical deflection

system is indicated. [Refer to Troubleshooting the Vertical
Amplifier).

If @ spot or trace does not appecr with the vertical deflec-
tion plates shorted, turn the instrument off and remove the
leads that connect to the horizontal deflection plates, (Make
sure that the metal clip on the end of each lead does not
touch the chassis.) Turn the instrument back on and (after
warmup) adjust the VERTICAL POSITION control. If a spot
now appears on the crt, the Horizonal Amplifier is causing
the trouble. If a spot does not appear, turn the instrument
off and reconnect the leads to the horizontal deflection
plates. Then turn the instrument back on and set the TIME/
DIV. switch to the EXT, HORIZ. INPUT position. If ¢ spot
now oppears on the crt, after warmup (it may be necessary
to odjust the VERTICAL POSITION control), the Time-Bose
Generator is the circuit at foult. Refer to the appropriate
troubleshooting secticn for trouble in either of these circuits.

If none of the previous checks indicates the source of the
trouble, a defective crt or trouble in the high voltage cir
cuit is indicated. Measurement of the high voltage can be
made at the top end of R720 (Fig. 6-2). The voltage ot this
peint should be approximately 3330 volts. If the voltage is
present, o defective crt is indicated. Also a defective rec
tifier D714, D715, D717, D718 or D719, will cause the high
voltage to be inoperative,

TROUBLESHOOTING THE VERTICAL AMPLIFIER

No Spot or Trace Visible on CRT

If all power supply voltoges are normal, and the crt is
known to be good, failure to obtain a spot or trace on the
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screen will be due to the Time-Bose Generator and unblank-
ing circuit or to improper positioning voltages. The latter con-
dition is coused by o dc unbalance in either or both of the
deflection amplifier circuits.



of the Verti

Fig. 5-2 Simplified diagr

ing the balonce of the amplifier.

To determine which circuit is at fault refer to Trouble-
shooting the Crt Circuit for the procedure to check the bal-
ance of the vertical and horizontal emplifier.

If it is determined that the vertical deflection circuit is un-
balanced the next step is to check each stage for unbalance.
Fig. 52 is o simplified dicgram of the Vertical Amplifier
showing test points for checking the balance of the amplifier.
For this check it is convenient to hove o short lead (about 8
or 10 inches) with o rubber-covered alligater clip on each
end, ond a voltmeter (5000 (2 per volt or better)

Connect the voltmeter between the base of Q504 and the
base of Q514, and set the VERTICAL POSITION control to
mid-position, A reading of less than 1 volt would indicate
unbalance in the output stege (Q504, Q514). Check for de-
fective transistors ond ossocioted cwcuit parts. A reading
of 1 volt or more on the voltmeter indicates unbalence ahead
(toward the input stagel of the voltmeter. Reconnect the
voltmeter between the base of Q483 end Q473 A recding
of less than 1 volt indicotes unbalance in that stoge. A
reading of more than 1 volt indicotes unbalance toward the
input stage.

The next step is to connect together the collector of Q4é4
and the collector of Q474 with the shorting strap. If the
frace appears on the crt (it moy be necessary to adjust the
VERTICAL POSITION control) the trouble lies either in one of
the transistors or in some component ahead of this stage

@i
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TO UPPER

SHORT TO
CHECK
BALANCE OF
VERTICAL
AMPLIFIER

l

TO LOWER
DEFLECTION
PLATE

I Amplifier showing test points for check-

From this point it is advisable to troubleshoot by substitution.
Do not connect other points on opposite sides of the circuit
together, as an improper voltoge on one side could domage
transistors on the other.

Insufficient or no Vertical Deflection

Insufficient vertical deflection indicates a change in the
gain characteristics of the Vertical Amplifier. If there is only
a slight deficiency in the deflection, as will usually be the
case, the amplifier can generally be recalibrated for gain.
Refer to the Recalibration Procedure for this. However, if
the amplifier cannot be recalibrated, or if the decrease in
gain is more pronounced, it will be necessary to check the
tronsistors, tube and circuit components.

If there is no vertical deflection on the crt, an inoperative
condition in the vertical deflection system is indicated. If
the trace con be moved with the VERTICAL POSITION con-
trol, the trouble is originating ahead of the control in one of
the input stages of the Vertical Amplifier (input c.f., input
amplifier).

If the trace cannot be moved with the VERTICAL POSI-
TION control, one of the stages following the control is in-
operative. In either of the above cases the tube or transis-
ter should first be replaced, then circuit components should
be checked

5-5
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TROUBLESHOOTING THE HORIZONTAL AMPLIFIER

No Spot or Trace on the CRT

To determine that the Horizontal Amplifier is in a state
of de¢ unbalance, turn the instrument off and remove the
leads that connect to the horizontal deflection plates. (Make
sure that the metal clips on the end of each lead do not
touch the chassis.)] Turn the instrument back on and (after
warmup), adjust the VERTICAL POSITION control. If a spot
now appears on the crt, the trouble lies in either the Hori-
zontal Amplifier or the Time-Base Generator. To determine
which circuit is at fault, reconnect the leads to the horizontal
deflection plates and turn the TIME/DIV. control to EXT.
position. If the spot now appears, the Horizontal Amplifier
is in balance and the trouble is being coused by an incpera-
tive condition in the Time-Base Generator (refer to Trouble-
shooting the Time-Base Generator).

If no spot appeared on the crt with the TIME/DIV. con-
trol in the EXT. position, the Horizontal Amplifier is causing
the trouble. The procedure for troubleshooting the Hori-
zontal Amplifier, to locate the defective stage, is similar to
that explained for troubleshooting the Vertical Amplifier for
unbalance. A voltmeter (5000 2 per volt or better) is used
to determine which stage is unbalanced. Fig. 5-3 is o simpli-
fied diagrom of the Horizontal Amplifier showing test points
for checking the balance of the amplifier. Connect the volt-
meter between the base of Q334 and the base of Q344.
Set the HORIZONTAL POSITION control to mid-position. A
reading of 1.5 volts or over will indicate an unbalance in the
first stoge (Q313, Q323). A reading of less than 1.5 volts
will indicate on unbalonce condition in the output stage
(Q334, Q344). When the stage ot foult is determined, check
for defective transistors and components associated with that
stage.

Insufficient or No Horizontal Deflection

If the gain of the Horizontal Amplifier decreases, the trace
will not extend from the left to the right side of the graticule.
In addition, the timing will no longer correspond to the cali-
brated value indicated by the TIME/DIV. switch.

If the change is slight, os indicated by improper timing
and a slightly decreased sweep, the amplifier can usually
be recalibrated. Since the gain of the Horizontal Amplifier

Q313

regulates the timing of the sweep, care must be taken to in-
sure that the gain adjustments are accurately made. Be
sure to refer to the Recalibration Procedure if it is necesscry
to adjust the gain of the Horizontal Amplifier.

If there is no horizontal deflection on the crt the circuit
at foult could be the Horizontal Amplifier or the Time-Base
Generator.

The operation of the Time-Base Generator can be checked
by measuring the voltage at the emitter of Q173. Set the
TIME/DIV. control to .1 SEC and the LEVEL control to FREE
RUN. Connect o voltmeter between the emitter of Q172 (Fig.
5-4) ond ground. If the voltage varies between zero and
—20 volts, as the Miller circuit runs down and back, the
Time-Base Generator is operating properly and the trouble
lies in the Horizontal Amplifier.

Fig. 5-4. Checking the operotion of the Time-Bose Generater by
ing the voltage at the emitter of Q173

TO RIGHT HAND
DEFLECTION

b A —
o

Q3i3i4g PLATE
SHORT TO
CHECK BALANCE
OF HORIZONTAL
AMPLIFIER
Q344 l TO LEFT HAND
* DEFLECTION
{ PLATE

Fig. 5-3. Simplified diogram of the Horizontal Amplifier showing test points for

thecking the balonce of the amplifier.
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When the trouble has been isolated to either the Time-
Base Generator [refer to troubleshooting the Time-Base
Generator) or the Horizontal Amplifier, a check of the transis-
tors and circuits components should be made.

If there is some horizontal deflection on the crt, but not
enough to cover the ten-division length of the graticule, the
trouble will either be due to insufficient output from the
Time-Base Generator, or to insufficient gain in the Horizontal
Amplifier,

The Time-Base Generator can be checked in the same man-

Maintenance — Type 321

ner as described previously. That is, by measuring for a 20-
volt variation at the emitter of Q173, at a slow sweep rate.
If this reading is not obtained, the Time-Base Generator is
ot fault, and its circuitry can be investigated. The SWP.
LENGTH control (R176) is very important and its setting
should be checked first. For the proper adjustment of this
control, refer to the Recalibration Procedure.

If the voltmeter indicates the proper reading [Fig. 5-4) the
Horizontal Amplifier will be the circuit ot fault. Check for
defective transistors and circuit components,

TROUBLESHOOTING THE TIME-BASE TRIGGER

Improper Triggering

If the waveform you are observing cannot be triggered
(locked into pesition) properly, the trouble can be: (1) mis-
adjustment of the STABILITY control, (2) the trigger-pickoff
circuit (trigger amplifier Q524) in the Vertical Amplifier, (3)
Time-Base Generator, or (4) the Time-Base Trigger circuit.

Refer to the Recalibration Procedure for misadjustment of
the STABILITY control. The operation of the trigger pick-
off circuit con be checked os follows: connect an external
triggering signal (preferably the signal input woveform)
to the [TRIGGERING) INPUT connector. Set the INT.-EXT.

switch to the EXT. position. Check to see if the waveform
can now be triggered. If so, the trigger pickoff stage Q524
is at fault; it is not passing the internal signal that develops
the triggering pulse,

If the waveform cannot be triggered in either the INT. or
EXT. position, some circuit in the Time-Base Trigger or the
Time-Base Generator is not operating properly.

If the sweep can be turned off and on with the LEVEL con-
trol, the sweep generator is capable of being triggered. This
indicates the Time-Base Trigger is not functioning properly.
Check for defective transistors and circuit components.

TROUBLESHOOTING THE TIME-BASE GENERATOR

No Horizontal Sweep

It is important that you understand the operation of the
Time-Base Generator before proceeding with any extensive
investigation of the circuit, For this reoson we suggest that
you thoroughly study that portion of the Circuit Description
that pertains to this circuit

If the Time-Base Generator is not producing a sawtooth
sweep when the LEVEL control is in the FREE RUN position,
some defect is rendering the circuit inoperotive. The timing
components [R160-C140) and the hold-off copacitor (C180)
can be checked by rotating the TIME/DIV. switch through its
range. If a trace cppeors in some positions of the switch,
the trouble will lie in the compeonents cssociated with the
inoperative position(s) of the switch

If no trace appears in any pesition of the TIME/DIV.
switch, the generater is “hung up either ot the low end or
at the high end of the sweep. Set the TIME/DIV, switch to
.5 MILLI SEC and measure the voltage ot the emitter of Q173.
If this voltage is very close to zero, the circuit is hung up ot
the low end of the sawtooth; that is, the sweep cannot get
started. In this cose, voltoge readings at key points in the
circuit may help to isolate the source of trouble. Connect
the voltmeter to the base of Q135 and turn the LEVEL con-
trol just slightly to the left, away from the FREE RUN posi-
tion. Then vary the setting of the STABILITY potentiometer,
The voltage at the base of Q135 should vary between about
—2 volts and about —10 volts. Voltages outside of this
range indicate trouble in the stebility-control circuit. . .R111,

@i

R131, D111, D131, Also, check transistors Q135 and QI183,
and R181 in the emitter circuit of Q183.

The operation of the Sweep-Goting Multivibrator can be
checked by connecting the voltmeter to the collector of Q145
[bose of Q153) and varying the setting of the STABILITY
potentiometer. If no trouble exists in the multivibrator cir-
cuit, it will be forced from one stable state to the other as
the STABILITY control is varied from one end of its range
to the other. This will couse the collector voltage of Q145 (and
the base voltoge of Q153) to vary about .5 to .75 volt above
and below zero. Normal operation of the gating transistor
Q153 is indicated by a voltage change ot its emitter equal
to about ene-half the voltage change at its base.

If the voltage range at the emitter of Q153 appears to
be normal, the hang-up is occurring in the Miller Circuit. A
check of the voltages, at the poinis indicated on the circuit
diagram, may indicate the source of the trouble. If not,
check by substitution transistors Q161, Q163 and Q173
ond diode D153.

If the voltage at the emitter of Q173 is from —20 to about
—35 volts, the circuit is hung up at the high (mest negative)
end of the sawtooth. This indicates that the discharge path
of the Timing Capecitor C160 is blocked. Since the Timing
Copacitor discharges through Q153, R153 and D153, these
components should be checked first. Then check the action
of the Sweep-Gating Multivibrater by the method mentioned
previously. If the multivibrator is locked up so that Q145
is conducting, Q153 will be back-biased and will block the
discharge path.
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Improper Triggering

If the sweep connot be triggered properly, the gating
pulse from the Multivibrator [Q135-Q145) is not turning the
diode D153 off and on properly. The start of the gating
pulse, which turns the diode off and starts the sweep, is

initiated by the triggering pulse ot the base of Q135. The
end of the gating pulse, which turns the diode on and initi-
ates the retrace, is controlled by the hold-off waveform
at the base of Q135. The main component to check, in ad-
dition to the transistors, is the differentiating capacitor C131,

TROUBLESHOOTING THE CALIBRATOR

Insufficient or No Calibrator Output

The Converter circuit supplies the signal to the Calibrator
cirucit. To check the Calibrator, turn the VOLTS/DIV. con-
trol to the CAL. 4 DIV. position. Set the LEVEL control to
the AUTO. position. There should now be displayed on the
crt 4 vertical divisions of Calibrator signal. If not, and the

5-8

Vertical Amplifier is known to be working, check for a de-
fective transistor Q874 and associated circuit components.
For adjustment of the CAL ADJ. control refer to the Recali-
bration Procedure. The CAL. ADJ. control will compensate
for slight changes in the calibrator output. If the change
is more pronounced, the transistor Q874 should be checked.



The following equipment is required for a full recalibra-
tion of the Type 321 Oscilloscope.

fro

DC voltmeter (sensitivity at least 5000 ©2/v) calibrated for
an accuracy of at least 1% at 10, 45 and 720 volts. Be
sure the meter is accurate; few portable meters have com-
parable accuracy, particularly after a period of use.

. Accurate rms-reading ac voltmeter, 0-150 volts (0-250 or

0-300 volts for 234.velt operation).

. Variable autotransformer [powerstat, variac, etc) having

a rating of at least 1 empere.

. Time-Mark Generator, Tektronix Type 180 or Type 180A

or equivalent. Time-mork generator must have morkers at
1 psec, 10 psec, 100 usec, | msec, 5msec, 10msec, 100
msec and 500 msec, with an accuracy of at least 1%.

. Square-Wave Generator, Tektronix Type 105 or equiva-

lent. If o Tektronix Type 105 s not ovailoble, it will

SECTION &

RECALIBRATION

be necessary to substitute a generator with the following
specifications; (1) output frequencies of approximately
1 ke ond 100ke; (2) risetime no more than 0.02 micro-
second; and (3) output amplitude variable from 18 milli-
volts to 40 volts (including the use of attenuator pads).

6. Constant-amplitude signal generctor, Tektronix Type 190
or 190A or equivalent. If a Tektronix Type 190 or 190A
is not available, it will be necessary to substitute a gener-
ator that provides a 50-millivolt signal varicble in fre-
quency from 500 ke to over S5mec. The signal amplitude
must remain constant (50 mv) over the entire frequency
range.

7. Test oscilloscope, accurately calibrated for vertical gain
at 500 millivolts.

B. Low-capacitance recalibration tool; part number 003-000.

ADJUSTMENT PROCEDURE
Preliminary VOLTS/DIV. 1
Remove the side covers from the Type 321. Set up the VARIABLE CALIB. (full right)
nt-panel controls os follows
AC.DC DC
INTENSITY full left (cew) )
TRIGGERING FREE RUN Note: For those controls not listed, their adjustment is not
LEVEL (full right) pertinent to this part of the procedure and the controls may
be left in any position. Adjustment of these controls will be
SLOPE - made at the appropriate time in the following procedure.
AC-DC AC Connect the Type 321 to the autotransformer, and turn
INT EXT INT on oll equipment. Set the output of the autotransformer to
e the design center voltage for which your instrument is wired
TIME/DIV I MILLI SEC T oS3 x
VARIABLE CALIB. (full right) If the instrument fails to calibrate in any of the following
steps, refer to the Troubleshooting Procedure section of the
5X MAG n manual for information concerning the circuit involved.

O]
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POWER SUPPLY, CALIBRATOR AND CRT CIRCUIT

(1) 10-Volt Adjust

Connect a voltmeter across the 10-volt regulated supply
at the points shown in Fig. 6-1. Adjust the 10 VOLT ADJ.
[R&51) for a reading of exactly 10 volts. Use o voltmeter
you know to be accurate. Check the regulation of the supply
by varying the line voltage between 105_and 125 volts (or
210 and 250 volts). The voltage should remain constant over
this range.

Disconnect the common or ground lead of the voltmeter
and reconnect it to the chassis. Then check the following
voltages (see Fig. 6-2): +45v, +10v, +63v, —10v, —45v
ond —720v. The 45 volts should be within 5% of rated
valve. All other voltages should be within 10% of rated
valve.

(2) Calibrator

Connect the test oscilloscope to the CAL. OUT 500 MV
terminal on the front panel. Adjust the CAL. ADJ. control
[R884) for exactly 500 mv on the test oscilloscope. Use an
oscilloscope you know to be accurate.

(3) CRT Alignment

Turn up the INTENSITY control until a trace is visible (it may
be necessary to adjust the vertical positioning control) and
adjust FOCUS and ASTIGMATISM for sharpest trace (nor-
rowest trace width). Position the trace directly behind the
center graticule line. If the trace and graticule line do not
coincide over the length of the graticule, loosen the crt base
clamp and rotate the tube. When the trace and the graticule
line are in coincidence, push the tube forward so that it
rests snugly against the graticule. Then tighten the crt base
clamp. Recheck the alignment after tightening the clamp
to be sure it didn't move while the clomp was being tight-

ened.

s "‘ ,;A,i,

o D
COMMON
NEGATIVE — ,,

w )
J} ’(‘a@ﬂ

= L @) REGULATED\

ADJ
RBB4

Fig. 6-1. Test points for checking the output of the 10-Veolt Regu-
lated Supply.

(4) CRT Geometry

Position the trace to the top graticule line. If any curva-
ture is present in the trace, adjust the GEOM. ADJ. control
R861 for minimum curvature, Then position the trace to the
bottom graticule line ond repeat the adjustment, if neces-
sary. A compromise setting of the GEOM ADJ. control may
be necessary for best overall linearity.

Fig. 6-2. Test points for checking the converter output voltages
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TRIGGERING CIRCUIT

(5) Stability Adjust

Reposition the trace to the center of the screen, and set the
(TRIGGERING) LEVEL contrel to the AUTO. position (full left).
Then set the STABILITY centrol (screwdriver adjustment, front
panel) to its full left position (ccw). Next, advance the STA-
BILITY control to the right until o trace is just visible on the

crt. Then, advance the STABILITY control further right until the
trace just brightens, (This is an extremely small range and
the control must be adjusted very carefully,) Finally, back off
the control and set it midway between visibility and bright-
ness.

VERTICAL AMPLIFIER

Set up front-panel controls as follows:

TRIGGERING
LEVEL AUTO.
SLOPE +
INT.-EXT, INT.
AC-DC AC

TIME/DIV. 1 MILLI SEC
VARIABLE CALIB. {full right)

VOLTS/DIV. 1 VOLT
VARIABLE CALIB. {full right)
AC-DC DC

(6) DC BAL. Adjust

Center the trace vertically on the cri. Rotate the [Vertical)
VARIABLE control; if any vertical displacement of the trace
is apparent, adjust the DC BAL. control (screwdriver adjust,
front panel) until the trace remains stationary as the VARI-
ABLE control is rotated. Be sure to return the VARIABLE con-
trol to the CALIB. position after completing the adjustment.

(7) Low Frequency Compensation

Set the VOLTS/DIV. gontrol to 5 and position the trace
near the bottom line of the greticule. Connect an ohmmeter,
set 1o the R x 1 scole, between the Vertical INPUT connector
and the chassis. The voltage ot the INPUT connector is zero,
so there is no danger of domaging the meter. If the polarity
of the ohmmeter leads is correct, and if @ 1';-volt cell is
used on the R x | scale, the trace should jump toward the
upper line of the graticule. If the trace is deflected off the
screen it moy be necessory to reverse the ohmmeter |eads,
increase the setting of the VOLTS/DIV. control, or both.
When the proper polarity for the ohmmeter leads has been
established, find a setting for the VOLTS/DIV. control (if other
than .5) where the trace is visible on the crt with the ohm-
meter both connected and disconnected.

Alternately connect the lead to the INPUT connector and
disconnect it, observing the trace as it comes to rest. If there
is any vertical drift to the trace, as it comes to rest in either
position, adjust the LF COMP, control (R518] for minimum
drift. This is a very slow drift ond must be observed for o
few seconds to determine the amount and direction

i

(8) Vertical Amplifier Gain

Set the VOLTS/DIV. control to the CAL 4 DIV. position.
There should be displayed on the crt approximately 4 divi-
sions of signal. Adjust the GAIN AD)J. control (R468) for ex-
actly 4 divisions of vertical deflection. As an extra check to
the gain setting, set the VOLTS/DIV. control to .1 and con-
nect a test lead from the CAL. OUT 500 MV connector to the
INPUT connector. You should now have 5 divisions of signal.

(9) Probe and VOLTS/DIV. Attenuator Adjust-
ments

Connect the cable of the P6003 Probe to the (Vertical
Amplifier) INPUT connector of the Type 321, ond set the
VOLTS/DIV. control to .01. Compensate the probe according
to the instructions presented on page 3-9 and illustrated in
Fig. 3-8 (Operating Instructions).

After compensating the probe, connect the probe tip to the
QUTPUT connector on the Type 105 (or equivalent) Square-
Wave Generator and connect the ground clip to any con-
venient ground point on the generator. Adjust the Type
105 to supply a 1-kilocycle square wave. Throughout
this step, adjust the OUTPUT AMPLITUDE control of the
Type 105 as required for about 4 major divisions of vertical
deflection. With the VOLTS/DIV. control in the .02
position, use the VARIABLE control to decrease the ampli-
tude to 4 divisions. In all the other VOLTS/DIV. positions,
the VARIABLE control should be in the CALIB. position [maxi-
mum output of the Type 105 will give a deflection of slightly
more than 1 division in the 10 position of the VOLTS/DIV.
control.)

In each of the following VOLTS/DIV. positions, adjust the
two capacitors in each position for best square-wave re-
sponse, C418C, C416C, C414C, C412C aond C410C affect
the leading edge and corner of the square wave (see Fig.
6-3. C41BA, C416A, C414A, C412A and CA10A offect the
over all level of the square-wave (see Fig. 6-4).

VOLTS/DIV. ADJUST
02 C418A, C418C
.05 C416A, C416C
3 C414A, C414C
1 C412A, C412C
10 C410A, C410C

Fig. 6-5 shows location of the attenuator capacitors.
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Fig. 6-4. Siandardizing the input capacitance.

(10) C508-High Frequency Adjust

Reset the Type 105 for an output frequency of 100 kc.
Set the VOLTS/DIV. control to the .01 position and display
4 major divisions of signal. Set the TIME/DIV. to the 2 uSEC
position, and adjust C508 for best square-wave response.

(11) Check Bandwith of Vertical Amplifier

Connect the output cable from the Constant-Amplitude
Signal Generator to the INPUT connector of the Type 321.
Set up the front panel controls as follows:

VARIABLE CALIB.
VOLTS/DIV. 01
VARIABLE CALIB.

Set the frequency controls on the Signal Generator for an
output frequency of 500 ke, ond adjust the amplitude controls
for a vertical deflection of exactly 4 major divisions. Position
the display on the crt (with the VERTICAL POSITION control)
so that the deflection extends over the middle 4 divisions.

Then increase the output frequency of the Signal Generator
to 5 megacycles. (Make sure the VOLTS/DIV. and VARIABLE
controls are set to .01 and CALIBRATED, respectively.) The

TRIGGERING : - S
deflection should be ot least 2.9 major divisions at 5mc
LEVEL FREE RUN If not, refer to the Maintenance Section for information con-
TIME/DIV. 1 MILLI SEC cerning the circuit involved.
TIME-BASE GENERATOR AND
HORIZONTAL AMPLIFIER
Set up the front panel controls as follows: Set up the following controls on the Type 321 for bes
presentation: VOLTS/DIV., VERTICAL POSITION, HORI
o VHRLLEE ZONTAL POSITION, FOCUS, INTENSITY, ASTIGMATISM
*VARIABLE CALIB. (full right) and SCALE ILLUM
5X MAG In *Be sure the VARIABLE TIME/DIV. control is in the CALIB
TRIGGERING position (full right).
LEVEL AUTO,
INT.-EXT. INT. (12) Horizontal Amplifier Gain
AC-DC AC
SLOPE + Apply 1-millisecond markers from the Time-Mark Generator

VARIABLE (vertical) CALIB. (full right)

6-4

to the INPUT connector of the Type 321, Adjust the HORIZ
GAIN control (R338) for one marker per division. (Use
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(13) (12)

(4)
SLOW SWP ADJ HORIZ GAIN ADJ GEOM ADJ
R167 R338 R861

. SWP LENGTH <
c160L R176

Fig. 6-6. Right-side view of the Type 321 Oscilloscope. The numbers in parenthesis refer to steps in the Recalibroti




the HORIZ. POSITION control to align the markers with the
graticule lines). The circuit must calibrate between the 1-
and 9-division graticule lines in steps (12), (13), (14).

(13) Slow Sweep Adjust

Set the TIME/DIV. control to the .5 SEC position. Apply
500-millisecond markers from the Time-Mark Generator. Ad-
just the SLOW SWP. ADJ. (R167) for one marker per divi-
sion. Recheck steps (12) and (13) as there is interaction be-
tween these two controls,

(14) Magnifier Gain

Apply 100-microsecond markers from the Time-Mark Gen-
erator to the INPUT connector. Pull the (TIME BASE) VARI-
ABLE control to the 5X MAG. position. Set the TIME/DIV.
control to the 1 MILLI SEC position. Adjust the MAG. GAIN
control (R348) for two markers per division.

(15) Sweep Length

Apply 1-millisecond markers from the Time-Mark Gener-
ator to the INPUT connector. Push the 5X MAG. control In.
Adjust the SWP. LENGTH control [R176) for a sweep length
of 10.5 divisions.

(16) Check Sweep Timing: .5 Seconds/Div. to
1-Microsecond/Div.

Table 6-1 lists the time markers to be applied for the in-
dicated setting of the TIME/DIV. switch, and the number of

Recalibration — Type 321

markers per division to be observed for each setting. There
are no adjustments to be made in this step; this is o check
on the accuracy of the components that make up R160 and
C160 in the indicated range of sweep rates.

TABLE 6-1
TIME/DIY. | TIME MARKERS OBSERVE

1 psec —— 1 psec o 1 marker/div

10 usec i—lorpm "1 marker/div

1 MILLL SEC | 100 psec 1 marker/div

1 MILLISEC | 1 msec | 1 marker/div

2 MILLI SEC T 1 msec "2 morker/div

5 MILLI SEC 5 msec 1 marker/div

10 MILLI SEC 10 msec | marker/div
K e J 100 msec 1 marker/div

.2 SEC 100 msec 2 morker/div

.5 SEC 500 msec 1 morker/div

(17) Adjust Sweep Timing and Linearity: .5
nsec/div.

Apply 1-usec markers from the Time-Mark Generator to
the INPUT connector. Set the TIME/DIV. control to .5 uSEC.
Check to see that the VARIABLE TIME/DIV, control is in the
CALIB. position. Adjust the (TRIGGERING) LEVEL control
as required to obtain o stable display. Adjust C160L for 1
marker per 2 divisions. Timing should be made between the
1- and 9-division graticule lines.
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B424
B601

BB45

C20
C30

c37
c37
C13
a4
C160A

Cl60C
C160E
C160G
C160J
C160K

C140L
C140L
C160M
Cl60M
Clé3

C180A
CiBoC
C1B0OE

C180G
CiBl

193
C300
an
C312
C325

Cc401

C410A
c410C
C410E
C410F

C412A
C412C
C412E
C414A
C414C

CA414E
C414A
Ca16C
C418A
C418C
C422

@2

X1810-up

101-1809
1810-up

X2020-up

101.19
720-up
101.719
720-up

Bulbs

Neon, NE2
Incandescent, #47
Incandescent, #47

Neon, NE2 Pilot Light

Capacitors

47 upf Cer.
A uf Cer.
.01 uf Cer.
2.2 uf Cer.
47 puf Cer.
120 ppf Cer.
47 puf Cer.
150 ppuf Cer.
10 uf Mylar
1 uf

J uf (

01 pf
001 pf

Selected Nominal Value 15upf
7-45 puf Cer.
8-50 p,u.f Cer.
470 ppf Cer.
470 puf Cer.
01 puf Cer.
2 uf

2 ,uf Cer.
02 uf Cer.
0022 uf Cer.
150 pupuf Cer,
470 put Cer.
10 pupuf Cer,
5.6 unf Cer.
68 uuf Cer.
o1 pf Cer.
1 uf PTM
7-45 ot Cer.
157 puf Cer.
1000 Cer.
1000 Cer.
45.25 upf Cer.
1.5-7 puf Cer
270 uuf Cer
4525 puf Cer.
312 uuf Cer
47 ppf Cer
312 ,u,uf Cer
312 ppuf Cer
1.5-7 ppf Cer
4.5.25 ppf Cer.
33 ppf Cer.

PARTS LIST

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Var.
Var.
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Var.
Var.
Fixed
Fixed

Var.
Ver.
Fixed
Ver.
Ver

Fixed
Vor
Var
Ver
Vaor
Fixed

PARTS LIST— TYPE 321

500 v
500 v
150 v

500 v
500 v
500 v
500 v

Timing Series

500 v
150 v

20v
25v
50 v
50v
500 v

500 v
500 v
500 v
150 v

400 v

500 v
500 v

00 v

=1 ppf

94 uuf

=30 upuf

+94 puf
+10%

=430 ppuf

+94 upf
=1 ppf
+10%
+10%

=100 ppuf
=100 ppf

=10%

+9.4 puf

.25 ppuf

Tektronix

Part

Number
150-002
150-001

150-001
150-020

281-501

Use 283-008

283-003
283-019

281.518
281-550
281-518
281-524
*291-028

*291-027

281-509

281-012
281-022
281-525
281-580
283-003

290121
283-026
283-027
283.028
281.524

281.525
281-504
281.544
281.549
283-003

*285-556

Use

281012
281-005
281-534
281-536

281-010
281-005
281.543
281-010
281-007

281-518
281-007
281-007
281-005
281-010
281-534



c701
c707
C714
c7s
né

a7
c718
719

C724

a3

<733

42
743
C745
750

751
753
C756
C757

C836
cas51
C854

C864
ca74

Fé01
F621

8-2

101-1809
1810-up
101-719X
101-719
720-up

101-2619X

X720-up
X720-vp
X720-up

X720-up

X720-up
X720-up

101-719X
101-719X

01 uf
.0033 pf
10 uf
10 pf
100 puf
A pf

120 ppt
7-45 puf
10 uf
150 puf
2000 puf

2 x 100 uf
A uf
100 uf

10 uf

.005 pf
001 puf
005 pf
005 puf
02 uf

005 uf
01 uf

005 uf
001 puf

50 uf
50 uf
50 uf

100 uf

100 puf
275 uf
275 uf
100 pf
100 puf

100 wf
100 uf
50 uf

22 uf

001 uf
01 uf
02 uf
01 uf
01 uf
10 uf

Capacitors (continved)

Cer.
Cer.

Cer.
Cer.

EMC

EMC
PTM
EMT
EMT

Cer.

Cer:
Cer.

s amp, Fast-Blo 3AG
1-Y; amp, Fast-Blo 3AG

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Var.

Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

PARTS LIST — TYPE 321

150 v
500 v
15v
15v

bv
50v

15v
500 v
30v

50v
600 v
15v
25v
15v

500 v
500 v
4000 v
4000 v
1400 v

4000 v
1000 v
1000 v
4000 v
500 v

50v
50v
50v
50v
15v

15v
bv
év
év
15v

15v
bv
50 v
50v
v

5000 v
150 v
1400 v
1000 v
150 v

15v

10%

=430 ppuf

Tektronix
Part Number

Use

283-003
283-041
290-106
290-106
290-105
283-009

281-550
281-012
290-106
281-524

290119
285-556

290-116
290-106

283-001

283-034
283-034
283-022

283.034
283-013
285-575
283-034
283-000

290-117
290-117
290.117
290117

290-099
290-020
290-020
290-105

290105
290117
290-117

283-021
283-003
283.022
283-013
283-003
290-106

159-029
159-016



Inductors

Tektronix

Part Number

L743 40 uh 108-200
L745 40 uh 108-200

Resistors

R2 100 k YVew Fixed Comp. 10% 316-104
RIS 10k YVew Fixed Comp. 10% 316103
R17 100 k Vor. Comp. 10% 311173
R19 15k YVew Fixed Comp. 10% 316-153
R20 10k Vew Fixed Comp. 10% 316-103
R23 47 k Vew Fixed Comp. 10% 316-473
R24 1.2k Vew Fixed Comp. 10% 316-122
R32 100 k Vew Fixed Comp. 10% 316-104
R33 820k YVew Fixed Comp. 10% 316-824
R35 101-1809 33k Vew Fixed Comp. 10% 316-332
R35 1810-up 39k Vew Fixed Comp. 5% 315-392
R37 101-1809 27k Viw Fixed Comp. 10% 316273
R37 1810-up 15k Yew Fixed Comp. 5% 315153
R38 101.1809 39k YVew Fixed Comp. 10% 316-392
R38 1810-up 22k Vew Fixed Comp. 5% 315222
R43 22k Vew Fixed Comp. 10% 316222
R4é 22k Yew Fixed Comp. 10% 316223
RIM 50 k Var. Comp. 311-154
R131 39k Vew Fixed Comp. 10% 316392
R133 101-1124 5400 Vew Fixed Comp. 10% 316-561
R133 1125-vp 8200 Vew Fixed Comp. 10% 36821
R134 101-1124 1.2k Yaw Fixed Comp. 10% 316-122
R134 1125-up 1k Vew Fixed Comp. 10% 316-102
R135 10k Vaw Fixed Comp. 10% 316-103
R141 9k Vaw Fixed Comp. 10% 316-393
R143 180 k Vew Fixed Comp. 10% 316-184
R144 ¥k Vew Fixed Comp. 10% 314-393
R147 22k Vew Fixed Comp. 10% 316222
R148 33k Vew Fixed Comp. 10% 316-333
R151 1k Vew Fixed Comp. 10% 316-102
R152 7k Vew Fixed Comp. 10% 316-273
R153 101-1386 100 0 Viw Fixed Comp. 10% 316-101
R153 1387-up 47 0 Vew Fixed Comp. 10% 316-470
R160A 1.13M Vew Fixed Prec. 1% 318-021
R140C 453k Vow Fixed Prec. 1% 318-022
R140E 226 k Vew Fixed Prec. 1% 318-023
R160G M3k Vaw Fixed Prec. 1% 318-024
R160) 453k Vow Fixed Prec. 1% 318-025
R140L 24k Vew Fixed Prec. 1% 319-013
R140R X720-up 2k Viw Fixed Comp. 10% 316223
R140S X720-up 27k Yiw Fixed Comp. 10% 316-273
R160T X720-up 47 k YVew Fixed Comp. 10% 316-473
R140U X720-up 2k YVew Fixed Comp. 10% 316-223
R160V 20k Var. Comp. 311-146
R160Z 47 k Viw Fixed Comp. 10% 316-473

® PARTS LIST — TYPE 321 8-3



R161
R162
R163
R165
R166
R167

R169
R174
R176
R178
R181

R182
R183
R190
R193
R194

R196
R197
R198
R199

R311
R312
R316
R317
R321

R410C
R410E
R412C
R412E
R414C

R414E
R416C
R414E
R418C
R418E

R420
R422
R423
R423
R424
R427

R430
R430
R430
R432
R433

101-209
210-vp

101-1809
1810-up

101.379
380-719
720-up

101-719

1500
1.2M
2200
32k
47k
S0k

12k
68k
S50k
39k
100 k

18k
18k
10k
1502
22k

3300
3k
22k
18k
68 k

25k
392k

47k
20k

18k
39k
47k
7ak
18k

1k

7.3k
825k
18k
200 2

™
1k
990 k
10.1k
900 k

11 k
800 k
250 k
500 k
M

479
™
100 k
390k
470
10k

22002
10k
2k
25k
47k

Resistors (continued)

V‘ w Fixed
Vew Fixed
Vaw Fixed
YVew Fixed
Yew Fixed
Var.
Vew Fixed
'/‘ w Fixed
Var.
Vew Fixed
Vew Fixed
Vew Fixed
YVew Fixed
YVew Fixed
Vew Fixed
Vew Fixed
YVew Fixed
Va w Fixed
YVew Fixed
YVew Fixed
YViw Fixed
‘/' w Fixed
Vaw Fixed
'/’ w Fixed
YVew Fixed
Var.
‘/4 w Fixed
Viw Fixed
Vew Fixed
Vaw Fixed
‘/1 w Fixed
Var.
Vaw Fixed
YVaw Fixed
YVaw Fixed
Sw Var.
YVaw Fixed
‘/3 w Fixed
YVaw Fixed
Vaw Fixed
Yaw Fixed
YVaw Fixed
aw Fixed
Vaw Fixed
V, w Fixed
Vaw Fixed
Yew Fixed
YVaw Fixed
Vew Fixed
Vew Fixed
Vew Fixed
Vew Fixed
Viw Fixed
Vew Fixed
Vew Fixed
05w Var.
YVew Fixed

PARTS LIST — TYPE 321

Comp.
Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.

10%
10%
10%
10%
10%

10%
10%

10%
10%

10%
10%
10%
10%
10%

10%

10%

Tektronix
Part Number

316-15]
316125
316221
316392
316-472
311-154

316123
316-683
311-154
316-392
316-104

316-183
316-183
316-103
316-151
316223

316331
316-333
316223
316183
316-683

318-012
309-270
301-223
316472
311-170

316183
316-392
316-472
309-120
309-036

311-155
309-120
309-314
309-036
311-158

309-014
309-115
309-013
309-034
30911

309-046
309-110
309-109
309-003
309-014

316-470
309-014
316-104
316394
316-470
316-103

316221
316-103
316223
311086
316-472

®



R433
R434
R434

R443
R453
R454
R462

R463
R464
R466
R467
R448

R472
R473
R474
R476
R477

R478
R480
R481
R483
R491
R493

R506
R507

R508

R512
R516
R517
R518
R520

R521
R522
R524
R602
Ré10

R610
R621

R624

R631
R34

R&35
Ré44

720-up
101-719

P
101-719

X720-up

X720-up

101-1880
1881-up

X1881-up

101719

720-up
101-719X
101-349
350-up

101-719X
X360-719
720-up
X720-up

560 0
47k
12k
8202
560 0

18k

47k
47k
470
1.2k

1.5k
39k
27k
470
2000

1.2k
1.5k
39k
27k
1200

270 Q
2x20k
12k
47k
12k
47 k

5k
263k
3300
2400
100Q
820q

5k

2483k
47k
10k
100 k

68k
1.8k
10k
100 0
130

100
33k
22k
&

560 2

18k
820
150 Q
400
470

Resistors (continued)

1/‘ w
|I‘ w
‘/‘ w
Yaw
1/‘ w

YVew
Vew
Yaw
Vew
Yaw

Yaw
Yaw
Vaw
Vew
Sw

10w
YVew
YVew
1/‘ w
YVew

'/l w
Y, w

2w
10w

1/‘“,

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed

Var.

Fixed
Fixed
Fixed
Fixed
Fixed

Ver.
Var.
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Var.

Fixed

Fixed
Fixed
Fixed
Var.

Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

PARTS LIST —TYPE 321

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

Comp.
Comp.
Comp.
Comp.
Comp.

ww
Comp.
Comp.
Comp.
Comp.
Comp.

Prec.
Prec.
Comp.
Comp.
Comp.
Comp.

Prec.
Prec.
Comp.
Comp.

Comp.

Prec.
Comp.

Comp.
Comp.
Comp
Comp.

Comp.
Comp.

Comp.

10%
10%
10%
10%
10%

10%

5%

10%
10%

10%
10%
10%

5%
10%

Tektronix
Part Number

316-561
316-472
316123
316-821
316-561

316-183
316-472
316-472
316-470
301122

301-152
301-392
301-272
316-470
311-158

301-122
301-152
301-392
301-272
316-121

Use *311-286
311-163
316123
316-472
316123
316-472

309-159
309-230
301-331
315241
316-101
315-820

309-159
309-230
316-472
311-153
316104

316-682
316-182
309-100
311-165
308-158

308-175
316-333
316-222
316-102
316-561

316-182
316-820
306-151
308-012
316-470
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R65)
R652

R694
R700
R701
R707
R714

R718
R731

R751
R753
R757
R800
R841

RB42
RB44
R845
RB46
RB51

R861
RB64
R871
R874

R881
R882

R884
R886
R888

Sw8
SWi15
Sw17
SW140

SW160
SW401
SW410
SWé21
SWé92

8-6

101-349

X720-up
X720-vp

X720-up

101-719X

101-379
380-up

101719

720-up

Resistors (continued)

470 Q '/4 w
Tk Vaw
1k

18k V‘ w
1000 Bw
n7a 8w
680 0 2w
3300 Yaw
10 Q ‘/1 w
22 k V4 w
100 k YVaw
M Vaw
1 meg Yaw
100 Vaw
4700 Yaw
47 Q 'f‘ w
a0 Vew
2200 ‘/‘ w
100 Q Yaw
6-8 k '/‘ w
33M ‘/‘ w
2M

™

470k Vew
33k Vew
100 k Viw
™ Yaw
100 k

100 k

lm k '/‘ w
150 2 Vew
22k YVew
68k Yaw
1k

25k

570 Q '/’ w
495k '/: w
INT.-EXT.

AC.DC

SLOPE

TRIGGERING LEVEL
TIME/DIV.

TIME/DIV.

INPUT

VOLTS/DIV.

POWER ON

BATTERY CHARGER ON

Fixed
Fixed
Var.

Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed
Fixed
Fixed

Var.

Fixed
Fixed
Fixed

Fixed
Var.
Var.
Fixed
Fixed

Fixed
Fixed
Var.
Var.
Fixed
Fixed

PARTS LIST — TYPE 321

Comp.
Comp.

Comp.
Comp.

Comp.
Comp.
Comp.

Comp:

10%
10%
10%
10%

5%

5%
10%
10%
10%
10%
10%

10%
10%
10%
10%
10%

10%
10%
10%
10%
10%

Tektronix
Part Number

316-471
316-102
311-155
316-182
308-110

308-174
306-681
316-331
302-100
316-223
302-104

316-105
302-105
316-101
316-471
316-470

316-470
316-221
316-101
316-682
316-335

3167
311148
316-474
316333
316-104

302-105
31157
311-176
316-104
316151

316-222
301-682
311-155
311120
309-081
309-215

wired unwired

260-145
260-145
260-212
*262-250 *260-296
*262-248 *260-294

*262-395 *260-376
260-145

*262-480 *260-295
*260-307

*260-251

©i



TKé21

T601

T701 101-719
T701 720-up
T801 101-719X

Thermal Cutout

120° F =-5° Open; 105° ==5° Close
Transformers

POWER TRANSFORMER
REGULATOR TRANSFORMER
REGULATOR TRANSFORMER
H.V. OSCILLATOR TRANSFORMER

Diodes

Tektronix
Part Number

*260-293

*120-152
*120-153
*120-210
*120-151

Even though the diodes may be different in physical size, they are direct electrical replacements for the diodes in your

instrument.

DI
D131
D153
D194
D4g2 X479-up

D506 X1881-up
D507 X1881-up
Dé10
Dé11
D620

D621
Dé22
D629
Dé60

Dé61
D692
D700 101-2619
D700 2620-vp
D710
D711

D712
D713
D714 X720-up
D715 X720-up
D716

DNz X720-up
D718 X720-up
D79 X720-up
D720
D721

D724
D726
D728
D882

Ql4 101-719
Ql4 720-up
Q24 101-719
Q24 720-up
Q35

T12G Germanium Diode
T12G Germanium Diode
Silicon Diode

T12G Germanium Diode
T12G Germanium Diode

Germanium Diode
Germanium Diode
Silicon Diode
Silicon Diode
Silicon Diode

Silicon Diode
Silicon Diode
Zener Diode
Silicon Diode

Silicon Diode
Silicon Diode
T12G Germanium Diode
IN91 Germanium Diode
T12G Germanium Diode
T12G Germanium Diode

T12G Germanium Diode
T12G Germanium Diode
Silicon Diede
Silicon Diode
Silicon Dicde

Silicon Diode
Silicon Diode
Silicon Diode
Silicon Diede
Silicon Diode

Silicon Diode
Silicon Diode
Silicon Diode
T12G Germenium Diode

Transistors

2N544
2N1632
2N544
2N1632
2N169A

PARTS LIST — TYPE 321

152-008
152-008
152-017
152-008
152-008

152.075
152-075
152066
152-066
152066

152-001
152-001
152016
152-066

152-066
152-066
152-008
152-001
152-008
152-008

152-008
152-008
152-002
152-002
152-002

152-002
152-002
152-002
152-066
152-066

152-066
152-066
152-001
152-008

replace with 050-038

151-048

reploce with 050-038

151-048
151-033
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Q135
Q145
Q153
Q153

Q161

Q194

Q453

Q474
Q483
Q493
Q504

Q514
Q524
Q524
Q624
Q634

Qé44

Q657
Q700
Q710

Q800

Q874
Q874

V423
V423

V859

1011386
1387-up

101-719
p
101-719

101-719
720-up

101-719X

101-719X
101719
720-up

101-719
720-up
101-719X

2N169A
2N169A
2N169A
2N404

2N1997

0C170
J509/2N1592
2N671/2N1126
2N404

ocC170

2N226
2N544
2N1632
2N544
2N1632

2N1632 Selected
2N1632 Selected
0C170

2N544

2N1632

Q170
ocC170
ocC170
ocCi70
oc170

ocC170
2N544
2N1432
2N1102
2N647

2N226

2N&71 /2N1126
2N250

2N307 }
2N307

2N250
2N544
2N1632

5718
7586

T321P31

Transistors (continued)

Selected pair

Vacuum Tubes

PARTS LIST — TYPE 321

Tektronix
Part Number

151033
151033
151033
151010
151-078

*153.501
151-035
151012
151010

*153-501

151-025
replace with 050-038
151-048
replace with 050-038
151-048

Use *153-516

Use *153-516
151015

replace with 050-038
151-048

151-015
151015
151-015
151-015
*153-501

*153-501

replace with 050-038
151-048

151.026

151-030

151.025
151.012
151018

*153-510

151018
replace with 050-038
151048

154-053
154-306
154-051
*154.347



Type 321

Mechanical Parts List

BAR, HANDLE ASS'Y CHANNEL TOP SUPPORT
BAR, TIE ASS'Y FOR BATTERY BOX
BATTERY BOX ASS'Y

BRACKET, ATTEN. SWITCH

BRACKET, HEAT SINK

BRACKET, CAPACITOR MTG.

BRACKET, TIME/CM SWITCH

BRACKET, THERMISTOR MTG.

BRACKET, TRANSFORMER MTG. SN 720-up
BUSHING, BANANA JACK

BUSHING, POT MTG.

CABINET SIDE

CABLE, HV poly

CABLE, COAX 500

CABLE HARNESS, POWER SN 101-719
CABLE HARNESS, HORIZ. AMP,

CABLE HARNESS, CHARGER

CABLE HARNESS, TIMING SWITCH

CABLE HARNESS, POWER SN 720-up
CABLE HARNESS, POWER TRANSFORMER SN 720-up
CERAMIC STRIP 3/, x 2 notches, clip-mounted
CERAMIC STRIP ¥/, x4 notches, clip-mounted
CERAMIC STRIP 7/,,x 3 notches, clip-mounted
CERAMIC STRIP 7/, x 5 notches, clip-mounted
CERAMIC STRIP 7/, x 7 notches, clip-mounted
CERAMIC STRIP  7/,4 x 9 notches, clip-mounted
CERAMIC STRIP 3/, x1 notches, clip-mounted
CERAMIC STRIP  7/44 x 11 notches, clip-mounted
CHASSIS, HORIZ. AMP. SN 101-719
CHASSIS, POWER & VA SN 101-719
CHASSIS, CHARGER

CHASSIS, POWER & VA SN 720-up
CHASSIS, HORIZ. AMP. SN 720-up
CLAMP, CABLE " plostic

CLAMP, CABLE 7" plastic

CLAMP, CABLE .037 x17/,;s w/2 mtg. strops

PARTS LIST —TYPE 321

Tektronix
Part Number

381-146
381-158
650-426
406-523
406-524

358-054
358-075
387-008
175012
175-068
179-375
179-376
179-377
179-3%0
179-501
179-502
124-086
124.088
124092
124093
124.094
124095
124100
124-106
441-281
447.282
441.284
441-361
441-362
343.001
343-009
343-038
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8-10

Mechanical Parts List [continved)

Tektronix

Part Number

CLAMP, TRANSISTOR MTG. 343.044
CLAMP, TRANSISTOR MTG. ',” IDx ' SN 720-up 343.-048
CONNECTOR, TERMINAL FEED THRU 131.025
CONNECTOR, COAX, CHASSIS MT. 131-106
COUPLING, POT 376-014
COVER, TRANSISTOR 200-196
COVER, CAPACITOR 200-213
CRT PIN CONNECTOR 131-049
CRT BRUSH CONNECTOR 131073
CRT ANODE LEAD ASS'Y 12" SN 720-up 131-084
CRT ANODE LEAD ASSY 15" SN 101-719 131-135
CRT SOCKET 136-082
CRT ANODE CAP, black poly 200-110
CRT ANODE COVER 1%, OD 200-197
CRT SHIELD 337-336
CRT SHIELD GROMMET 348-030
CRT ROTATING RING 354095
EYELET, TAPERED BARREL 210-601
FASTENER, RECEPTACLE 214127
FELT STRIP "5 x1 x4 124-109
FELT STRIP Y x1x2% 124-115
FOOT, RUBBER w/steel insert 348-025
FOOT, FLIP STAND PIVOT BLOCK, LEFT 348-026
FOOT, FLIP STAND PIVOT BLOCK, RIGHT 348-027
FRAME, BOTTOM RAIL 426078
FUSE HOLDER 352025
GROMMET, RUBBER /" 348-002
GROMMET, RUBBER %" 348-003
GROMMET, RUBBER '," 348-005
GROMMET, RUBBER %" 348012
GRATICULE LIGHT SOCKET 136-035
GRATICULE COVER 200-214
GRATICULE 331-055
GRATICULE LIGHT FILTER, GREEN 378-521
KNOB, SMALL BLACK '," insert hole 366-033
KNOB, ASS'Y FOR SMALL RED SHELL 366-081

PARTS LIST—TYPE 321



Mechanical Parts List (continued)

Tektronix

Part Number

KNOB, SMALL GREY ASSY 366083
KNOB, SMALL BLACK ASS'Y 366-085
KNOB, ASSY FOR SMALL BLACK SHELL 366087
LOCKWASHER #2 INT 210-001
LOCKWASHER #4 INT 210-004
LOCKWASHER #6 INT 210-006
LOCKWASHER #8 INT 210-008
LOCKWASHER ', INT 210-011
LOCKWASHER POT INT 210-012
LUG, SOLDER SE 4 210-201
UG, SOLDER SE 6 w/2 wire holes 210-202
LUG, SOLDER SE 6 long 210-203
LUG, SOLDER DEé 210-204
LUG, SOLDER '," hole 210-223
NUT, HEX 2-56x % 210-405
NUT, HEX 4-40x %, 210-406
NUT, HEX 6-32xY, 210-407
NUT, HEX B-32x % 210-409
NUT, HEX 34-32xY, 210-413
NUT, HEX 10-24x% square 210-416
NUT, KEP 6-32x %) 210-457
NUT, HEX V-32x%x ¥ 210-465
NUT, INSERT, Nylon Rear Casting 210241
NUT, HEX 5.10 wott resistor mtg. 210-478
PANEL, FRONT 333.566
PANEL SERIAL NUMBER INSERT TAG 334.679
PLATE, FIBER CAPACITOR MTG. 386-252
PLATE, MICA, TRANSISTOR INSULATOR SN 101-1332 384978
PLATE, INSULATING, HD Anodized Alum. SN 1333.up 387-345
PLATE, MICA .875x1.125x.002 387-004
PLATE, ALUM., REAR CASTING 387005
PLATE, VERT. BULK HEAD SN 101-719 387-015
PLATE, VERT. BULK HEAD SN 720-up 387-378
PLATE, REAR BATTERY BOX ASS'Y 387-022
PLATE, FRONT BATTERY BOX ASS'Y 387023
PLATE, ALUM., FRONT CASTING 387-100
PLATE, BOTTOM, BATTERY BOX 387-247
PLUG, TWIN BANANA 3/,” apart 134012
POST, TERMINAL TRANSISTOR MTG. 129-049

PARTS LIST —TYPE 321

8-11



8-12

Mechanical Parts List (continuved)

POWER CORD ADAPTER 3- to 2-wire
POWER CORD AC w/female connector & male plug
POWER CORD DC w/female connector
POWER RECEPTACLE BOARD ASS'Y

ROD, EXTENSION 4%V,

ROD, HEX, NYLON, ',*

ROD, NYLON i x1Y%,

SCREW 4-40x ¥, BHS

SCREW 4-40x', BHS

SCREW 4-40x1', RHS

SCREW 2-56x ¥, RHS

SCREW 4-40x'/, FHS

SCREW 2.56x ', FHS

SCREW 4-40x1%, BHB

SCREW 6-32x%,, BHS SN 720-up
SCREW 6-32x', BHS

SCREW 6-32x % BHS

SCREW 6-32x3, BHS

SCREW 6-32x'; BHS

SCREW 6-32x %) Pan HS w/lockwasher
SCREW 632x1', Truss HS Phillps
SCREW 632x1%, RHS Phillips

SCREW 632x ', Truss HS Phillips

SCREW 1-24x%, RHS

SCREW, SET 4-40x 3/, HSS Allen

SCREW, THREAD CUTTING, 4-40 x %, Phillips
SCREW, THREAD CUTTING, 4-40 x '/, Phillips
SCREW, THREAD CUTTING, 4-40 x 5'/,4 PHILLIPS
SHIELD, ATTEN. BOTTOM

SHIELD, ATTEN. TOP

SHIELD, CONVERTER

SHIELD, HORIZ. & VERT.

SHIELD, BATTERY BOX

SHIELD, HV, PLEXIGLASS SN 720-up
SHIELD, 1% x2% SN 720-up

SOCKET, SUBMINIATURE

SOCKET, BANANA JACK ASSEMBLY, BLACK
SOCKET, BANANA JACK ASSEMBLY, RED
SOCKET, 5-pin NU-VISTOR SN 720-vp
SPACER, %4; NYLON for ceramic strip

PARTS LIST —TYPE 321

Tektronix
Part Number

103013
161-015
161016
392129
384-197
255037
385-139
211007
211-008
21101
211022
211023
211-030
211052
211-503
211-504
211-507
211-510
211-511
211-534
211-545
211-553
211-565
212513
213022
213034
213-035
213-045
337-331
337-332
337-343



Mechanical Parts List (continued)

SPACER, ¥, NYLON for ceramic strip
SPACER, BATTERY TUBE

STAND, BAIL FLIP

TAG, VOLTAGE RATING 105125V

TUBE,
TUBE,

BATTERY, GREY FIBER
BATTERY, GREY FIBER w/cutout

TUBING, PLASTIC, CLEAR #7

TUBING, PLASTIC, BLACK 20
WASHER, 58 x %3, x.025

WASHER, 6L x ¥, x .032

WASHER, FIBER #6 shouldered
WASHER, FIBER #10

WASHER, STEEL .390 IDx %, ODx.020
WASHER, INSULATING, BLACK, shouldered
WASHER, INSULATING, RED, shouldered
WASHER, BAKELITE, TRANSISTOR MTG.
WASHER, #14 .265x 7/, x.050

WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE
WIRE

®i

#22 SOLID WHITE

#26 SOLD WHITE, NYLON

#26 STRANDED

#26 SOLID WHITE, POLY VINYL

#20 STRANDED WHITE SN 720-up
#22 STRANDED WHITE SN 720-up
#24 SOLID RED SN 720-up

#26 SOLID BLACK SN 720-up

513 wide, flat shield

PARTS LIST—TYPE 321

Tektronix
Part Number

361-009
361-016
348-024
334-649
166-157
166-158
162-012
162-504
210-801
210-803
210-811
210-812
210-840
210-895
210-898
210-900
210-905
175-522
175-528
175-546
175-573
175-512
175-527
175-572
175-574
176047
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Accessories Supplied with Probe

Mini-gator Clip 344046
Banana Plug 134-013
Probe Holder 352024
Hook Tip 206-105
Spring Tip 206-060
Pincer Tip 013027

12 inch Ground Strap

175125

Accessories That May be Purchased

BNC w Probe Adapeor
Spring Tip without Shank
Pinjack Tip, nsulated
Insert Tip

Pinjack Tip

S inch Ground Strap
18 inch Ground Strap

AB

013-020
206-061
206054
206.052
206045
206- 104
06018
175-124
175-1584
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10A
10

EENTEEEE FE

PROBES THIS SHEET COVIRS

PoOV7

Tektronix Part No,

Tektronix Part No.

TABLE | ELECTRICAL PARTS

Cable Length

010-038
010-0%6
010-087
010-088

010-064
010-066
010-067
010-068

Value Descriprion
Huu! Cer. Fixed 3500v sor- 5%
Téuuf
L
puf
8-50upuf Cer. Var S00w
S-M0upt Mica Var. S500v
9 meg 1/2w Fixed Prec. 4
Selected for proper cable
termination, Furnished
with cable.
NOTE

On the underside of the lid for the Compensation Hox Is the Model Number,
if the probe shows no number it will be Model Number One.

Probe Type

P&OL7/P6022
P&OL7 /P8022

P6017 /P6022

P6017 /P6022
P6017 /P6022
P6017 /P8022
P6017/P6022
P6017/P6022
P6017 /P8O22

P6017
P6022

TABLE Il MECHANICAL PARTS

All
All

; u—; En-—

EE E

Cable Length Part Title

All Lengths Probe Body

43 inches Artenuation Assembly

6

9.

121

43 Inches Cable Assembly

6f.

M.

12,

All Lengths Compensator Box

All Lengths Allens Set Screws
4-40 x 332

All Lengths Positioning Insulator

All Lengths Compensating Capacitor
Compensating Capacitor
and Spring Clip Assembly

All Lengths Plate Cover

All Lengths Thread Cutting Screw
4-40 x 1 /4

All Lengths Connector | UHF

All Lengths Coanector , BNC

Tektroalx
Part No.

281-576
281-577
281-578
281-579
281-013
251-062
309-232

Tekrronix
Part No.

204.054
011-038
011-037
011.039
011-040
175-143%
175-185
175-186
175.187
22-081
202-068
213-075

200-008
281013
281-0%
200-248
213.03%

131-058
131-186

MR
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R321
R480
R602
R842
R844
R864
R1180
R2180

Change to
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Change to
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Change to
Change to

TYPE 321 (6)

Mod 6112 Tent. S/N 2900
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2M
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Pot
Pot
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Pot
Pot
Pot
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311-346
311-344
311-349
311-348
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TYPE 321 (45)
MOD 6168 - Tent S/N 2620

Q700 Change to 2N2137 151-101
Q710 Change to 2N2137 151-101



