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Type 3214

SECTION 1
CHARACTERISTICS

Introduction

<

The Tekironix Type 32TA is g high-performance, de-fo-é
me, fronsistorized oscilloscops.  Us light weight, small size
and ability to operate from a voristy of power sources make
it a vensotile field and leboratory instrument, The oscillo-
scope can operate from #s internally-contained rechurgeable
battery pack, an external de source or from o 115/230wvalt
50-800 cycle e line, Reguloted power supplies in the instry-
ment, accurate colibration, and precise linearily ossure exact
time and omplitude measurements despite normal voltage-
source and powersupply-load changes thet occur under
actual operating conditions,

Qperating temperature range derived {mm tesis indicates
optimum pes?.r:.rm{mce and reliability on its self-contained
batteries from 0% to +40° C ot altitudes up ro 15,000 feet,
Temperoturs range withaut batteries when operaling from an
external source is —15% Cto 4-55° C. Non-operating tem-
perciure range s —35° C to «L75%  without batteries
and —40° C o 4807 O with batteries of altitudes to

For the apercter’s convenience, o fronk-pang! battery light
indicates when the internal botteries are low. If exdernal dc
or do operation Eﬁ being used instecd of the batteries, the
Hight turns on if the external voltage source drops too low
for proper power supply raggimmm

A 4;303%% power swilch on the front pansel permiis
convenient selection of charging rate ond/or power source.

Vertical Deflection System

%ﬂdgmss ----- Dc to at least éme {3-db down] using de cou-
pling: vsing ac coupling, low-frequency 3-db down point
i 2 ’7‘ cos iypical from o Lke reference,

—3.01 vidiv 1o 20v/div in 11 caiibrated steps;
is within 3% of frs@% -ponel markings, Con-
variable from 001 v/div to abour 50 v/div
ung ,JE;k fal.

by 1 megohm
W megohms

edance-—35 pf nominal paral
82 pf nominal porollsle
when ssiﬂg the PE&00S 1

ijmm dc: ”md mﬁk ,35:, WG mi?s {*m* 1200 v«*%’rsé {JQCH Fe-
peak ac.

?nggeﬁng

upled or Doooupled.

, fram rising slope of friggering J
i negative ’s"“ﬂf} of triggering “waveform.

3

e 3

[

7.3
o

{) m

i osignal, or

Signal Requirements—Internal: 0.2 major division vertical
deflection at 1 ke increasing to 1 major division of & me.

External: 1 volt peako-peak af 1 ke increasing to 3 velts
peak tr:s penk ot dme. Nominal input impedance: 5 pf
paralleled by 100 kilohms {:20%)

Sweep
Type-hiller infegratar,

Sweep Rates—0.5 usec/div to 0.5 sec/div in 19 calibrated
steps. Accurate 53 sweep magnifier extends colibrated
mnge to 0.1 gsec/div. Calibrated sweep-rate accuracy

s 3%, u“‘v‘t@;} ime Qféusmbn betwaen steps and to

External Horizontal Input
Bandpass—Dc to ot least 1 me {3db downl
0%, with 52

Input Impedance—30 pf typical porolleled by 100 kilohms
5%,

Deflection Factor—1 vidy magnifier on.

Amplitude Colibrator

Sguare Wave—Frequency about Zke

Amplitude—300 mv  peak-to-peck.  Alse 40mv peakto-
paak internally couplad in CAL 4 DIV position of VOLTS/
DIV switch, Paok-do-peck amplitude occuroey i3 -£3%,.

Cathode-Ray Tube

Type--Special Tekironbe-manufoctured T3211. 3% flabface,
nost-deflection accelerator. Low healer power.

Accelerating Potential—d kv,

Z-Axis Modulofion—External terminal permits RC coupling
fo ert grid.

Unblanking—Deflection unblanking.

Phosphor—Type P31 normaily furnished; P1, P2, P7, ond
P11 phosphers optional. Gther phosphors furnished on
specia! order.

Groticule

Huminotion—Variable edge lighting when operating from
ac ling,

Eliispirw Area—narked in &vertical and 10-horizontal V7
divisions.

Power Requirements

Source—Operates from 10 size D voeells, or 10
size D rechorgenble celis {opproximately 3 hours using
25 ompere-hour cells; approximately 5 hours using 4

e
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SECTION 2
PRELIMINARY INSTRUCTIONS

Power Requiremends

The reguiated power supplies in the Type 321 A will operate
form 115v or 230-v rms ac §mr_i from an sxternnl de sourcs
{115 to 35 volts], or from o “hottery pack” consisting of
sither 10 size [ floshlight cells or 10 size D re ahﬁ*qeab&
cells,

Fuse Date

Use anly the recommended fuses in the Type 321A Oscil-
foscope. The upper fuse, F&21 [see Fig. 2-1], is @
3AG Fast-Blo; the lower fuse, F&U, is o Z5.0mp 3AG Fost
Blo. Neither fuse needs to be chonged if the oscilloscope
s converted from one line voliage to the other 115v and

230 v

Fig. #-1. Location of fuses ond Chorger switeh (leftside view},

Ac Operation

Unless tagged otherwise,
the factory for operction ot

our instrument s connected at
35 to 1265 volts, 50 1o 800
cycles ac {115 volts nominall, However, provisions ore fijﬁ
for esasy co ion to aperate af 207 o 25
800 oy 30 volis nominoll. The power transfor
is provided with split input windings which are normally
connected in ;arm%e! for 115wvoit operation, but which can
be connected in series for 230-volt operation

The primary windings are morked 1, 2, 3, and 4, ?"
1 and 3 ore connected to one wmcj raq and terr

: i

rminals
vinals 7 and 4

i s e input ;e«:}c%«: are
a’md 4 for both 115-volt and 230

{Dpﬁ‘* ation, so these connections do net hove o be
et when converting from one ling voltage to the other.

When wired for 115vol operation, terminals 1 and 2 are
joined by o bore Fus wirg, and ferminals 3 ond 4 are simi
larly joined, as shown Fig, 2-2[al, To convert o 230
volt operation, remove the bare bus wires between these
rarminals and substitute o single connecting wire between
terminals 2 and 3, as shown in Fig. 2-2(b).

To turn on the Type 321A when the powsr cord 15 con-
nected to the osciloscope power connector ond to the ae
voltage source, set the POWER switch to EXT ON. To tumn
off the oscitloscope, set the POWER switch to TRICKLE, The
TRICKLE position coan be regorded os the normal "off” posi
tion for the instrument.

Fo 115-v AC

To 230w AL

Fig. -2 (o] Tronsformer connection for operation frem 103.5-
126.5 volt wme Hnep (b} connections for operation from 207.253
valt we line.

sng a3 the ac power cord is connected 1o the ac ling,
power is being applied to the power transformer Té01

i ircuit, and groticule lighis for <}H
POWER switch. Application @5 {L‘-Gw

is re-
rernal
wn that
. Power to the battery charger iself is
Charger switch {see Fig, 2-11 I the switch

batteries; the graticuy
these circuits are "{*-rz"
controlled by o
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Preliminary Instructions — Type 321A

Fig. 2-4. Proceslure for installing the batteries.

Battery Charger

As mentioned previously, the battery charger is connectad
to the internal botteries as long as the ac power cord s
connected to an ac power scurce and the Charger switch
{see Fig. 2-1) is set to HIGH or LOW. No charging occurs if
the Ciﬂczue: switch is set to DRY CELLS.

Table 2.1 summarizes the charging currents that can be
abtained by using various line voliages in combination with
varicus settings of the POWER and Charger switches. The
table shows the Type 321A wired for 115-valt nominal line
operation, If the oscilloscope is wired for 230-volt nominal
line operation, the ¢ 'im;‘{“"ng currents will still be the same
but the ac line voltages will be twice the amount shown in
the table,

Use Table 2-1 as an aid in defermining the proper posi-
tion for the POWER qnd Charger switches for the particular
brand or type of rechargecble batteries being used in the
Type 321A. Aler sefting the switches fo their proper posi-

tion, the ling »ax?c"gp con then i:m set to the charging rafe
recommended by the manufacturer of the ceils. An auto-
rransformer having o rating of at leost e and
m;umpfsci with an rms-reading ac velimester used to

at the line volioge.

When using rechargecble batferiss, sixteen hours of
charging ot the full rated charging current recommendad
by the manufacturers should be adequate to fully charge
the haotteries. Excess chorging may domoge the b{mertés.

One method for determining charge conditions of the hot-
feries 15 to sef the POWER swilch fo BATT ON ond then
measure the volioge across the battery termingls {see Fig.
2-45. A reading bigher than 13 volts indicates that the
batteries are fully « hmqed A read%ng lower than 13 volis
indicates thot more <h reguired.

As mentionad previ tously, If dry cells are instalied in the
battery holder and the Type 32TA s being operated from
the ac ling, the Charger switch must be set to the DRY CELLS
position, This position disconnects the charging cireuit from
the botteries.

TABLE 2-1
Charging Currents

POWERY | Charger
Switch Switch
Position E’asrsrir'ris:m

Aproximate Charging
Current in Ma

EXT ON

“The BATT ON posibon is aot included in the table bectuse the
Type 32VA should not be operated frem the o< line ond the
batteries ab the same Hme, Reason: Boitery drain exceeds chargs
ing rate.
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SECTION 3
OPERATING INSTRUCTIONS

General Informadion

The Type 3214 Oscilloscope i3 an exiremely versatile ine
strument, adaptoble to a great number of app?imﬂcﬁa How-
ever, to moke full yse of the instrument, b s necessary thot
you understand completely the operation r:ff each frent-panel
control. This portion of the manua!l is intended to provide
vou with the basic information you reguire. I you are
familiar with other Tekironix oscilloscopes, you should have
vary fittle difficulty in understanding the operation of
Type 321A. The function of many conirols is the same os
the function of corresponding contrals on othar Telironix
instruments. A frontpanel view of the Type 32TA is shown
in Fig. 3-1.

Intensity Control

The INTENSITY control is used to adjust the trace bright-
ness. This permits adjustment of trace intensity to suit the
ambient light conditions ond changes in infensity coused
by changes in the sweep tfriggering rate {sweep duty cvclel
Clockwise rofation incregses the intensity and counterclock-
wise rotation decrecses the infensity,

Focus ond Astigmatism Controls

The FOCUS ond ASTIGMATISM conirols operate in con-
junction with each other to allow you o obloin o sharp,
clearly defined spot or trace. To adjust these conirols:

1

1. Adiust the INTENSITY conire! for the most pleasing level,
2. Set the ASTIGMA
3. Adijust the FOUUS control for sharpest detoil.

TIEM control to midscale,

4, Adiust the ASTIGMATIEM control os necessary for best
overal!l focus.

Graticule Hlumination Conirel

is accurately
el d\,,;crsns with 0.7
5. ?heﬂ;e groticule maricmqt

The graticule used with the Type 321A
marked with 10 %sswmrﬂ’sl and & vert
division maorkers on

*wg[

e OsCHIOBCQDE sdresn.

Gro

ticule Hlumination s adivsted by %m: SC&
contral, located |usi to ‘f%“s: ri jr*r s_sf Ht os
Rotating the control clo
fieule markings and
the brightness.

MOTE

The graticule s Hluminated only when operating
fromm on g line. This permits longer operotion
when on babteries,

&

Positioning Controls

Two controls are wsed with the Type 321A Oscilloscope
to posifion the frace or spot on the screan.

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

The HORIZONTAL POSITION control &5 o combination
coarse/vernier type of control. Buili-in blocklash between
its two sections permits 30° of vernier adjustment for a given
coarse setting. I a 30° range is exceeded, the course ad-
justment takes over to provide fast positioning of the frace,

The VERTICAL POSITION conbrel has sulticient range to
posttion the troce completely off the top or bottom of the
en, of fo any intermediate point. The trace moves up
when the control s rotafed clockwise and down with the
counterclockwise rotation,

Intensity Modulation

of the Type 321 A Oscilloscope con be in-
by an external signal to display additional
information.  This is accomplished by disconnecting the
grounding bar from the CRT GRID connector atb the reor of
the instrument ond connecting the external signal to this
terminal. A negotive signal of approximately 30 volts peok
requirad to cut off the beam from maximum infensity, less
with lower infensity levels, MNegative-going signrals as low os
5 volts peck will accomplish intensity modulation.

The ot display

HORIZONTAL DEFLECTION SYSTEM

Horizontal Sweep

The usual oscilloscope display s o grophical presentation
of instantaneous volloge versus time, Yoltage is represented
by verticn! deflection of the trace and time {5 reprasented
by horizontal deflection. To obitain o useful display, the spot
formed by the eleciron beam is deflectad horzontelly ot g
known rote, 3o that any horizontal distance on the screen
represents o definite known period of time. The troce formed
by the deflection of he spob across the screen i immm as

he 'wc: izontal s ,hﬁ hie

ma mq

i d&ﬂec?ed across the screen
he TIME/DIV con-
determines the
{J‘»‘éd on ‘szs

Fz ?Z*m spot

i g
trol,

Hus ‘%‘ﬁ‘ numbat
antrol is seb to
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Operating bstructions - Type 3214

CRY CONTROLS

INTENSITY e Controls brighinsss of
frgics,
i

Y friEeE.

.

ARTIGMATIS Ml

SCALE HIUM-—Adissts brighiness

sf grativels mark {when aper
g from AQ

THORIZONTAL CONTROLS

HORIZONTAL POMTION~Courss
varnier fype of control that p
thons trace horizontaily.

VERTICAL CONTROLS

POWER—-Switeh  fwrns  reguloted
TG-volt power on wd off.  Alse,
sefocts chorging &,

TIME/DIV ond VARIABLE~Salaets
sween rafe and externs! horfzontsl
input

" EAT HORIZ INBUYV—Terminal for
acgepting externsl hordzonial sige

raiber signal

FLOP e Doterm]
is triggered ow

for griggering sign

\
%
INT-EXTmdelocts aither

STABILITY wnPojantiometar for seb
§ dc fevel of sweep generater,

Fig. ¥-1. Punstlons of the Type 321A OUsdilloscope front-pansi sonire
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Operating Instructions — Type 321A

L
Py

Voltage -
Time g

Fig. 3-2. The oscilioscope plobs instantansous velluge versus time,
therehy serving both os o volbmeler and o timer

The Time Base has 1% fzcaurmiezy calibrated sweap rafes
ranging from 5 psec/div te Ssec/div. Thase cnéimméd
sweep rafes ars cbigined when the VARIABLE (TIME/DIV)
control is fully clockwise in the CALIB position. The TIME/
DIV switch selects the colibrated sweep rotes and can be
rotated 360° since thers are no mechanical stops. The VARL-
ABLE control permits you to vary the sweep role continuously
between .5 pusec/div and approximately 1.5sec/div. Al
sweep rates obtained with the VARIABLE control in any
position other than fully clockwise are uncalibrated.

Sweep Magnifier

The sweep magnifier ollows you to expand any bwo-
division portion of the displayed waveform to the full ten.
division width of the grati This is accomplished by Hrst
wsing the HORIZONTAL POSITHON control to move the por-
tion 'ﬂr H"{% display you wish to expand fo the center of the
i 2 MAG switeh in the “on” post
fion ix I aut the red ‘/;«E!ABKE— TIME/ DIV knob, see Fig.
331 A"&y’ portion of the display magnified by the horizontal
sweep can then be observed by rotuting the HORIZONTAL
POSITION con

In magnified sweep operaotion, the sweep rate indicoted
by the pf‘ﬁ'?!ﬂ'ﬁ of the TIME/DIV switch must be divided by
5 o c;%ﬂmﬁ the actual time required for the spot to move
ivision. For example, if TIMES DIV swi is set to
%LL‘ S_EC the actual time per division is & milliseconds
by 5 or 1T mil andd per division. The actual fime-
sionr must be used |

:"_
1l
>

for all tie measurements,

External Horizontal Input

For spacial applicat you con deflect the trace hori-
zontally with some externally derived waovetorm rather than
by means of the internal sweep sawtooth. This allows you
to uwse the oscilloscope to plot one function versus another,

Te use the ex xiernal horizontal input, connect the externally

derived way m to the EXT HORIZ H‘\%P\ET mrmumr aré

ploce the JDIV switch in the EXT pr"
rontal deflection factor is approximately 1

the 5

- MAG on.

TIME/THY
VARIABLE Unmagmﬂed Wovefmm
\
§ “
TIME/ DIV A
J
] 1]
H R |
VARIABLE \
3w MAG % OO S S s :
Ol AN I
\\é Mcﬁgmﬁer} Waveferm
|

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

Sweep Triggering

The oscilloscope display is formed by the repetitive sweep
of the spot across the oscillascope screen, I the sweeps are
allowed to occur ab random, or a rate unrelated fo the input
waveform, the displayed waveform will be troced out at o
different point on the screen with each sweep. This will
either cause the waveform to drift ocross the screen or fo be
indistinguishable.

in most coses i is desirable for repetitive waveforms to
appear stationary on the oscilloscope screen so that the
characteristics of the waveform can be examined in defail.
As o necessary condition for this type of display, the start
of the sweep must bear a definite, fixed-time relationship to
the obsarved woveform. This means that each sweep must
start af the sa ime, relative 1o some point on the obsarved
waveform. In the Type 321A, this is accomplished by stark
ing or friggering r% e sweep with the displayed waveform, or
with anather woveform bearing o defintte time relationship
to the disployed wavetorm,

The waveform used to start the horizontol sweep is called
a Ttriggering signal” {(whether it is the waveform being ob-
sarved, or some other waveforml, The following instructions
tell you how to select the triggering signai source.

Selecting the Triggering Source

Y ;:sz'e;mréng the Type 3214 Oscilloscope for
aperation of the sweep, it is first necessary fo se ;
*nqg =ring signal source which will provide the hest displa
for the pm,*zmlcs application. The sweep con be triggere
by the disployed waveform, or by on externally durwcd
waveform. This selection is made by the setting of the INT.
EXT switch [see i, 3-4]. Eoch type of friggering hos cerfain
advantages for some applications.

Trigger m the mspicv d waoveform is the
most comm used. The displayed woveform is sele
when the INT-EXT swilch is in the INT posttion, Internal irig-
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Operating  Instructions — Type 3214

A

LEVEL

\/

padizgaiig

Swaesp Triggers

Ln -+ Slope
Waveforms obtained with the tig.
gering level contrel sef in the
------- regisn.
SLOPE +

f"'*-v-.__h

Swaap Triggers \/ \1/
Qn Sope

T

Lggd

Sweep Triggers
pn -+ Stope 3

Wovelorms obfained with the trig-
goring level ctontrel set in  the
<k regien.

SLOPE

NEFA

\f

-
T~
e

> “+
=
=z
-

gt =
Swaap Triggers i \J

Qn - Slope

Fig., 3-5. Effects on the oscilloscops disploy produced by 4 ond — setiings of the SLOPE ond LEVEL controls,
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-RUNNING OPERATION

FREE

VERTICAL DEFLECTION SYSTEM
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s

input Coupl

Lave

0

iggering

ow o Set the Tr
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NOTE

To moke the deflection factor equal to that indi
coted by the VOLTS/DIV switch, set the VARIABLE
control ta the CALIB detent position,

De Balance Adjusiment

The need for adjustment of the DU BAL control is indi-
coted by ¢ vertical shift in the position of the frace os the
VARIABLE (VOLTS/DIV] control s rotated. This adjustment
should be made as follows:

1. Set the AC-DC-GND switch to GND,
7. Set the oscilloscope controls for o free-running troce.

3 Retate the YARIABLE (VOLTS/DIV) control back and forth,
and adiust the DC BAL control simultaneously until the
trace position is no longer offected by rotation of the
YARIABLE control.

Input Signal Connections

Certin precavtions must be observed when you are con-
necting the oscilloscope to an input signal source. This is
to insure that cccurate information is oblained 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 applica-
tions where you are observing low-level signals, shielded
cobles should be used whenever possible, with the shield
connected to the chassis of both the oscilloscope and the
signal source, Unshielded input leads are generolly unsatis-
factory due to their tendency to pick up stary signals which
produce erronecus oscilloscope displays. Regardless of the
type of input used, the leads should be kept as short as
possible,

Distartion of the input woveferm may resuit i

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

2. High-frequency waveforms are not properly terminated.

3, The input waoveform containg 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 looding effect of the oscilloscope on the input signal
source, In most cases this loading effect is negligible; how-
aver, in some applications loading caused by the oscilioscope
may materially aiter the resulls obtained. in siuch coses you
may wish to reduce the amount of loading to a negligible
amount through the yse of o probe.

Use of Probes

Oceasionally connecting the input of an oscilloscope fo
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 afienvator

o)
4

W

Operating Instructions — Type 3214

probe may be used to decreuse both the capuacitive and resis-
tive loading coused by the oscilloscope to o negligible value,

in addition to providing isclation of the oscilloscope fram
the signaf source, on attenuctor probe olso decreasas the
amplitude of the disployed waveform by the attenuation
factor of the probe. Use of the probe allows you to increase
the vertical-deflaction factors of the oscilioscope to cbserve
large-umplitude signals beyond the normal limits of the
oscilloscope. Signul omplitudes, however, must be limited fo
the moximum allowable value of the probe used. When
moking omplitude measurements with on attenuator probe,
be sure to multiply the observed amplitude by the attenva-
tion of the probe.

If the waveform being displaved hos rapidly rising or
falling voltages, it is generolly necessary to clip the probe
ground lead to the chassis of the equipment being tested.
Select @ ground point near the point of measurement, as
shown in Fig. 3-6.

Fig. 3-8, Connecting o probe to the inpul signal source.

Before using a probe you must check lond adjust if neces-
sary} the compensation of the probe to prevent distortion of
the applied woveform. The probe is compensated by adjusi-
ing the control located in the body of the probe. Adjusiment
of the probe compensates for variations in input copacitance
from ona instrument to another. To insure the accuracy of
pulse and transient measurements, this adjustment should be
checked frequently.

To adiust the probe compensation, set the YOLTS/DIV con-
trol to the .01 position and the LEVEL control to the AUTO
position. Set the SLOPE switch to -+ and the INT-EXT switch
to INT, Connec probe tip fo the CAL OUT 500 MY con-
necior. Set the TIME/DIV switch to .5 MILLL SEC and adjust
the probe to obtain flal tops on the disployed square wave-
form {see Fig. 37}

3-7
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Voltage Meosurements i,

PAOGE Probe—dold probe boarrsl and
isusen focking sloove sevesnl pur Hold
fa-tep  sgus waves,  Held prebs
Brarrel  ond ully  sighten
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Operating Instructions —— Type 3214

VOLFS DIV Switch Setting

» Vertical Deflection

= Wolts, peak-to-pagk

Fig. 3-B. Measuring the peuti-to-peak ac veltuge of an upplied wovebtor,

most common type. The same general method may be used
fo megsure voltage with respect to any other potential, how.
ever, 5o long as thot potenticl is used to sstablish the rai
erence ling.

To obtain an intantuneous voltage measurement with res.
pect 1o ground, or some other voltage, perform the following
steps {see Fig. 3-9L

1. To establish o ground reference line, sef the AC.DC.

GND switch 1o GMND. Qr, o establish o reforence line 2.

which
probe
switch
abiain

represents o vollage other than graund, touch the
tp fo the volioge ond leave the ACDC.GND
at BC Then adjust the oscilloscope controls to
o free-running sweep, Vertically position the troce

fo o convenient point on the oscilloscope screen. This
point will depend on the polarity and amplitude of the in-
put signal, but should always be chosen so that the i
lies along one of the major divisions of the greticyd

The graticule division corresponding to the positian of
the troce is the voltage reference line and ail voltage
meosurements must be made with respact fo this line.

{Do not adjust the VERTICAL POSITION control after the
reference line has been established }

H ground reference was established, set the ACDCGND
switch to DC; if o reference line other than ground was
established, remove the probe tip from this voltage and
connect it to the signal source. Adjust the LEVEL control
for o stable display.

!

Pro-established
reference line
fusnally ground)

instantansays

Probe Atenuation Fugier

VOLTS/ DIV Switeh Seiting

e 1 Vertical Deflection l;-u Voltage With

. \ Raspect To
Fram Reference Line Reference Voltage

Fig. 3-%. Meoswring the nstantansous veltuge with respect fo ground {or

o)
&

seme other reference voltage!.
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Time Meosurgments

nt Hme interval

Divide the o

| Hodzontal Distans

Time

Swesp Mognifisation

intarvel between svents displovad on the esciilusceps soreen




For exomple, gssume the THAE/DIV switch setting is |
MILLE SEC, the magnifier s on, and you measure o horizontal
distance of 5 division between events. In this example, then,
5 divisions multiplied by 1 millisecond per division gives
you on apparent fime inferval of 5 milliseconds. The ap-
parent tims divided by 5 then gives vou the aclual time

interval of 1 millisecond.

Operoting Instructons — Type 3214

Frequency Measurements

The frequency of o periodically recurrent waveform con
be determined if the time interval (period] of one complete
cycle of the waveform is known, This #ime interval can be
meastred by means of the the procedure described in the
preceding paragraph. The frequency of a woveform is the
reciprocal of its time interval, Le, § == 1/




NOTES




SECTION 4
CIRCUIT DESCRIPTION

Block Diogroam

The block diogrom in Section 7 of this manual shows the
main sections of the Type 321A Oscilloscope. Waveforms to
be displayed ore connacted to the Vertical Amplifier INPUY
termingl, located on the front panel of the instrument, Lorge
S!’;&Q‘S are grtenuated the desired omount {up to 2000 Hrrf:s}
in the oftenuator networks. The signal s then amplified ir
the Vertical Amplifier and fed push-pull to the vertical de—
Hection plates of the ot

A trigger-pickeff cirouit in the Vertical Amplifier cmp ies
a sampie of the uzpuf signal to the Time- Bme Trigger circuit,
This sample signal is instrumenial in star the horizontal
sweep. An sxternol triggering signal connected to the Trig-
gering INPUT terminal mav also be used for this purpuse.

Signals of widely varying shapes and amplitudes may be
applisd o %he Time-Base Trigger cireuit. This ciroutt in turn
produces constonb-amplitude output pulses which are used
to start the horizontal sweep at the proper Hime fo insure
a stable display of the vertical-input waveform.

The ez;?ru* puisas from the Time-Bose Trigger circult are
apphied to the Time-Base Generator to in » the sawinoth
horizontalbsweep  waveform.  The sowtooth waveform s
then amplified in the Horizontal Amplifier and applied push-
pull to the horizontal deflection plates of the el For XY
applications of the instrument an externaliy-generated signal
can be q;}”&d to the EXT HORIZ INPUT terminal. The
w‘emﬁl antsmr is then amplified by the Horizontal Ampisrter
and applisd to the horizontal L;ef lection plates of the ari

The gav‘ of the Horizontal Amplifier con be increased five
times by pulling the (Time Base] YARIABLE control outward
to the 5¥ MAG position,

The Calibrator produces o square wave output of constant
amplitude which can be used to check the guin of the Verti-
cal Amplifier and compensate the probe. A 40-mv peak-
to-peak square wave, is coupled internally to the Vertical
Amplifier when the VOLTS/DIV switch is set to the CAL 4
DIV pm:?mr I the gain of the *“;mp*s%ﬁy is ;}rfs;ﬁférly adjusted,
this will produce o deflection of exactly 4 divisions when the
Vertical Amplifier! VARIABLE control is set fo the CALB
detent position. A square wove having o peck-to-peck am-
phituds of 500 mv is available at the CAL OUT terminal on
the front panel of the instrument; this waveform can be used
to compensate the probe.

The reguloted power suppliss in the Tyoe 321A will operate
from o 115y or o 230w rms ac line, from an external de
source {11.5v to 35v), or from o “battery pock’ consisting
of sither 10 size D Hashlight cells or 10 size J rerhm{;eabie
cells, A buili-in bottery charger charges the “rechargeable
slis when the insfrument i3 connected fo an go source
N5y or 230V,

VERTICAL AMPLIFIER
Input Coupling

Input signals to the Vertical Amplifier can be either ac
coupled, de-coupled, or internaily  disconnected.  When

the ACDC-GMND switch SW40T {see Vertical Amplifier circuit

dingrom} is in the DC position, input signals are dirsctly

coupled to the VOLTS/DIV switch, In the AC position input

signals are ecoupled through o b!mdﬂnr; capacitor C401 In

the GND position the signal path is opened and the nput
gircuit is grounded,

input Circuit

The Vertical Amplifier requires an input signal of G01
volt, peak-to-peck, to produce 1 division of calibrated de-
flaction on the ot To sotisfy this condition, yet moke the
instrument applicable 1o a wide range of input voltages,
o precision attenuation network i3 incorporated into the
vertical deflection system.

When the VOLTS/DIV switch [SW410} s in the 01 posi-
tion, the signal is coupled “straight through” {without atten-
vation} te the grid of V423, For all other seftings of the
YOLTS/DIV switch izxcus? CA% 4 DY) the Attenvators are
switched info the input ciroult, either singly or in tandem
pairs, so that the input signal vz:;,‘rage to the Vertical Am.
plifier is always 0,01 wolis for each division of ot deflection
when the VARIABLE knob ks in the CALIB detent position.

The Aftenuators are frequency-compensaied voltoge divie
ders. For de ond low-frequency signals they are resistance
dividers, and the degree of aitenuation is determined by the
resistance volves. The impedonce of the copacitors, of de
and low frequencies, is so high that their effoct in the clreuit
is negligible. As the frequency of the input signals increases,
hi;;WQ\’PI', the imp&damc of the copoacitors decreases ond
of in the crcuit becomes more pronounced. For
4requency signals the impedance of the copacitors
is so low, compored o the resistonce in the cireuil, that the
Attenyators become capocitive reactonce dividers,

in addition to providing the proper degres of aftenuation,
the resistunce values in the Attenuators gre chosen o provide
the same input resistance {1 megohm] regardiess of the setting
of the VOLTS/DIV switch. Moreover, the variable capocitor
at the input fo each network provides o means for adjusting
the input time constant so that it s the same value (nominally
35pf >0 1 meg) for all seftings of the switch.,

Input Cathode Follower

A nuvistor, V423, is used s o cothodefollower input
stage. This stoge presents o high-impedonce, low-capuci-
tance load to the input circult and isolates the input cireult
from the moin amplifier. R422 is the l.megohm input re-
sistor, This resistor becomes a port of soch attenvation
network when the VOLTS/DIV switch is turned awoy from
the 01 position. R423, bypossed by (423, prevenis the
grid of V423 from drowing excessive current {in the eveni
the stoge is overdriven) when de input coupling is used.
R424 is a parositic suppressor.
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input Emitter Follower

TRIGGERING

Time-Base Trigger

Yarticsl Pasi
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brator QU35/G145 is o bistable Schmit Cireuit, B is forced
from one of its stable states info the other by the frigger-
ing signal cpplied to the base of Q35 In the first stabie
state {ready to receive o signall 35 is cut off and its col-
lector voltage s up (near ground].  This holds up the
base of Q45, since the two cireuits are de-coupled, and Gi45
conducts, With Q45 conducting its collector voltage is down;
hence no outpyt is being produced.

A positive-going signal is required at the base of {335
to force the multivibrator into its second stable state to
produce the positive step at the collactor of (345, Howaevaer,
since the signal ot the base of Q35 is an amplification of
the triggering signal, it contains both positive- and nega-
five-going portions,

The pasitive-going portion of the friggering signal will
drive the base of Q35 in the positive direction. When the
base voltage is just out of cutoff, Q35 starts conducting
and its emitter voltoge will rise, following the base. This
pulls up the emitter of QM5 since the two emitters are
strapped togsther,

Ab the some time the collector voltage of Q35 starts to
drop, carrying with it the base voltage of Q45. With the
base of G5 down and iy emitter up, Q48 cuts off. As 045
cuts off its collector voltage rises, creating @ positive step
ot the autput. This transition occurs very rapidly, regardless
of how slowly the base signal of Q35 may rise.

When the signal of the base of 035 starts in the negative
direction just the opposite chain of events occurs. G35 cuts
off and its collector voltage rises. This pulls the base of Q45
out of cutoff and Q45 conducts. As Q45 conducts its col-
fector voltage drops; this completes the positive step-voltage

output from the Trigger Multivibrator circuit,

Trigger-Input Amplifier

Although the output of the Trigger Multivibrator is always
¢ positive step votlage, the start of the step may be inliated
by sither the rising {positive-going) or falling [negative-geing)
portion of the triggering signal. The amplified riggering sig-
nal is always raken from the collectar of Q24, but the base
of either transistor {14 or Q24) can be connected fo the
input circuit. When the SLOPE switch SW15 is in the + posi-
tion the bose of Q14 is connected 1o the input circuit and the
bose of Q24 is connected to o bins source adjusable by
means of the LEVEL contral. With this configuration Qi4/
Q24 is a differential amplifier and the signal af the collecior
of 24 is in phase with the signal at the base of G4 A
positive-going signal at the input will therefore produce o
positive-going signal of the base of Q35 and, as exploined
praviously, this is the action that initiates the sweep. The
sweep will therefore start on the positive slope {rising por-
tion] of the triggering signal when the SLOPE switch is in
the - position,

When it is desired to irigger the sweep on the folling or
negative-going portion of the triggering signol, the signal ot
the base of Q35 must be appesite in polarity o the signal
at the input circuit. This is accomplished by placing the
SLOPE switch in the position. With this arrangement the
bose of Q24 is connected to the input cireult and the base of
Q14 is connected fo the bigs source. The configuration is
still o differential amplifier and gain is the same as before,
but the output signal is now wpposite in polarity to the base
signal.

Operating Instructions — Type 321A

Triggering Level

The serting of the (Triggering} LEVEL control determines
the point {instastansoys voltage] on the triggering signal
ot which the sweep is started. This is accomplished as fol-
fows:

The quiescent state of the Trigger-Input Amplifier s such
that the collector voltage of Q24 is about in the center of
the hysteresis of the multivibrator. An adjustment of the
LEVEL conirol will vary the bias on the transistor to which
it Is connected. This in turn will vary the de level at the
colliector of Q24 to within the hysterasis range of the multivi-
brator, By adjusting the LEVEL control, the operator can
select the point on the waveform at which he wishes fo trig-
ger the sweep,

Automatic Triggering

The sweep can be triggered automatically, instend of
manuatly, by turning the LEVEL controf full leff to the AUTO
position. I the AUTQ position SWI17 is opened, which
alters the circuit configuration as fallows: {a} the switch end
of R38 is disconnected from the —10.volt decoupled supply
to pravide feedbuack from the collector of Q45 to its base; (b)
the LEVEL control R17 is disconnected from the circuit; ang
{c) all triggering-input signals are ac-coupled through 8
regardless of the setfing of the ACDC switch,

In the automatic [AUTQ) triggering mode, the Trigger
Multivibrator is converted from o bistable configuration o
a recyreent (free-running) configuration. {(This is not to he
confused with FREE RUN position of the LEVEL control; in
the latter position the Time-Bose Generator fres runs).

The charging and discharging oction of C30, fed to the
bose of Q45 ond driving it, sets the Trigger Multivibrator
recurrent rate at about 50 ¢ps when no signal or fow-am-
plitude signal is applied to the base of Q35 When o signal
of sufficient amplitede to avercoms the hysteresis of O35 is
applied, then the repetition rate of the applied signal {if
it is higher than 50 cps} takes over and controls the switch.
ing rate of the multivibrator cireuit,

Assume no signal is applied to the base of Q35 for exam-
ple. Alse, assume that Q35 has just turned off and Q45 has
turned on. Under these conditions, for the first halt cycle
[duration is about 10 msec!, €30 is charging to the voltage
set by divider R33, R34, and the collectnr of Q45 As Cao
charges, it is driving (45 base toward cut off. (335 emitter,
through direct coupling to the emitter of 45, s moving in
a direction which will eventually turn Q35 on: the bose of
Q35 meanwhile is set af o fixed leval by Q24 collactor.
After about 10-mser charging time, €30 cuts off 045 and
G35 turns on,

Mow, for the next half cycle C30 is discharging toward
the voltuge set by divider resistors R3Z, R43, RI3, and R34
As C30 is discharging, C30 is driving Q45 toward its forward
bios point. After shout 10 msec discharging time, C30 dis.
charges sufficiently to drive Q45 into conduchon and €35
cuts off, This completes one eyele of the 50-cps output of
the multivibrator,

As mentionad earlier, when o signal of sufficient ampli-
tude is applied to the buse of Q35 and the rapetition rate
of the signal is higher than 50 cps, the signal drives the
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During the trace portion of the sweep sowlooth the Mold-
Off Capaciters C180-C181 charge through Q183 s o result
of the drop in voliage ot the emitier of Q182 This pulls the
base of Q135 negative until Q135 cuts off. As explained
previously, this is the action thal initictes the refrace.

Al the start of the retrace C180 and CIRT sart discharg-
ing thorugh R181. The time-cansiant of this cireuit is such
that during the refrace, and for @ short period after the
completion of the retroce, the bose of Q135 is held far
enough below cutoff that positive triggers cannot switch the
Sweep-Guating Muitivibrator, When the Hald O Capacitors
have discharge fo o predetermined voliage [established by
the setting of the STABILITY controf] the effect of the hold-
off Is removed, This returms the Swaeep-Gating Multivibrator
to its quiescent state in which it can be triggered by the
next positive trigger to arrive af the base of (135,

Stability Control

The STABILITY control R regulates the de level ot the
base of QI35 within the hysieresis of the Sweep-Gating
Multivibrator, When this control is properly adjusted, the
base of Q135 is held just negative encugh that Q135 is back-
biased and nonconducting; this prevents the circuit from free
running. The bose voltage must be sufficiently close to cut-
off so that positive triggers con pull Q135 aut of cuteff and
force the multivibrator into its ofher state te inifale the
sweep.

During the trace partion of the sweep sawtcoth, when the
Hold-Off Capacitors ore chorging, the emitter of 0187 is
forced negative. When the emitter of Q183 is more negative
than the arm of the STABILITY contral diode D111 is back
biased: this disconnects the STABILITY confrel from the
Multivibrator circuit,

5

During the refrace portion of the sweep sawlooth the
Hold-Off Copacitors discharge. When the voltage ot the
emitter of Q183 rises to the voltage ot the arm of the STA-
BILITY conirol diode D117 conducts and clomps the Hald
O Cirevit ot this voitage., 'With the bose of 3135 clamped
in this manner, o sweep can only be produced when o
positive trigger pulls Q135 out of cutoff.

However, should o freerunning froce be desired, the
(Triggering} LEVEL control can be turned full right to the
FREE RUN position. This opens switch SW17 and forces the
arm of the STABILTY contral to ground potential. This par-
mits the bouse of Q135 to rise fo cutofl immediately upon
remaval of the hold-off voltage, of which point the next
sweep is inlhioted,

Unblanking

The ort in the Type 321A contains o second set of hori
zontal deflection plates (pins 6 and 10; see diagram
Crt Cirevit). Pin 10 is connected to + 18 voliy pin & is con-
nected io the ing Amplifier {shown on the Time-
Base Gene In the vil between sweaps,
pin & rests of about —20 volts; the of heam i therefors
delected off the screen ansd s net visible

i

When a positive trigger switches the Sweep Gating
ftivibrator 1o start o sweep, the neguative gole af the
chor of Q135 s coupled to the base of Q194 This
results in a 30-volt positive gate of the collector of 194,

i

(o]

]

Gireuit Description — Type 3214

which in turn is fed to pin & of the ert. The 30-volt psi-
five gate, whose start and duration ore coincident with
the start and duration of the sweep, pulls pin & of the
vp to 10 volts, the same as pin 10, This dellects the ot
beam back inte the range of visibility for the trace portion
of the sweep sawioath.

fy

Transistor Q199 is connected s a load-grobilizer, (3199
conducts when Q194 is nonconducting, When Q194 con-
ducts, during sweep ftime, Q199 is nonconduct g. This
circuit prevents the switching of Q194 from changing the
loud on the power supply, and therefore prevents crasstalk
to the Vertical Amplifier.

HORIZONTAL AMPLIFIER

Input Circuit

The Horizontal Amplifier consists of an emitter-foliower
input stage Q313 ond an emitter-coupled poraphase ampli
fier Q334/Q0344, For all sweep-time settings of the TIME/
DIV switch, the negotive-going sweep sawiooth preduced
by the Miller Circuit is coupled to the input EF G313 vie
the frequency-compensated voltage divider R31TT-R312. In
the EXT HORIZ INPUT setting of the switch, Q313 receives
i3 signat from the EXT HORIZ INPUT connector, This se
of the switch also produces the followi i
Time-Base Generotor is rendered inoparative; {2
of Q194 {(Unblanking circuitl is clamped ot about 10
volts, thus removing the blanking potential o oin &
ort.

Emitter-follower G323 bolances the Horizonta! Amplifier
for do potentiols. This stage also couples the positioning
voltage from the HORIZONTAL POSITION control 2321 ta
the amplifier circuit.

Qutput Amplifier

Q334 ond Q344 are connected as an amitter-coupled
paraphase amplifier to provide the push-pull drive for the
horizontal deflection plates of the o, The setting of the
HORIZ GAIN control R338 determines the emitier degenera-
ton and thus sets the gain of the stage. A second gain
control R348 [MAG GAIN) is connected in the emitter cireylt
when the VARIABLE timing contrel is pulled out to clase
SW348. This action decreases the degeneration ond in-
creases the gain 5 times to provide 5X sweep magnification.

REGULATOR CIRCUIT

Power Sources

The function of the Regulator circuit in the
to provide o regulated 10 volts de for the
power supply. The Regulator is designed to
a self-contoined bottery pack, from an external 11.5v to
35-v de sourge, or from either @ 115v or o 230 rms, 50-800

eycle ag lina,

To operate from the internal batteries only, the POWER
ditch SW&Z1 is set to BATT OB, The POWER switch

cig  ntarng! bar
it via TK&21 and Fa21.
- opens i the ambie

% v o the Regulater cir-







CONVERTER

The regulated 10 volis output of the Regulator circuit is
applied to the Converter fransistors QR700-Q710.  Both
fransistors are biased in the forward direction when power
5 applied, but because of slight difference in choracteristics
one will start conducting before the other. Current flowing
in the collector circuit of the conducting transistor will then
induce o voltage into the bose windings Perminals 5, 4,
and 7} of transformer T701. The polarity of the base volt-
ages induced will be such that the conducting fransistor will
conduct meore, and the nonconducting tronsistor will be
driven into cutaf.

The buildup of current in the conduciing transistor wili
continue until the transformer soturctes. At soturation the
induced woltage in the bose windings will star detf}y%ng
and the conducting transistor will accordingly «:onduc‘r €35,
The collapsing feld will then induce vcfkmm of the o ggzcv
site polarity in the base windi ings. This will drive the transi
tor *hm had been conducting into cutoff, ond turn on t“e
transistor that had previcusly been cut off, The circuit will
then produce a secondary voltage of the mppasire polarity,
The repetition rate of the circuit s about 2 ke

The tronsister current, flowing in the primary circvit of
T701, is somewhat trapezoidal in shape; the secondary volk-
age is therefore neorly o square wave. A fullwave rectifier
with copacitor-input Fl tars prov ides de output vollages of
A7 5 dB, 10, 5.8, 18, and 445 volts, An addi-
tional half-wave rectifier rcs.uf provides 720 volts for
the crt gun.

&

Cireuit Daseription w Type J21A

An ac signal of approximately Y0 volts, peokdo-peak,
is coupled from terminal 10 of 7701 to the Calibrater cir
cuit [shown on the Verticgl Amplifier and Calibrotor dic
gram}. The 100-volt aoc signal sguore wove is clipped in
(RE74 ond divided down to provide the 500.millivelt ex.
ternal signal available ot the CAL OUT 500 MV terminal,
and the 40-millivelt square wave internally coupled to the
Vaertical Amplifier in the CAL 4 DIV position of the VOLTS)
DV switch,

CRT CIRCUIT

Crt Control Circuits

The INTENSITY control RB44, part of a divider connected
betwesn 720 volts und ground, varies the ort grid-o-
cathode volioge to regulate the beam current. The FOCUS
control RE4Z vories the voltage of the focusing anode to
set the second cross-over point right ot the ot screen. The
ASTIGMATISM  contrel RB&4 vories the voltage ot the
astigmafism anode to focus the spot in both dimensions
simultaneousty,  The GEOM ADJ RBB&) varies the field the
heam encounters as it emerges from the deflection system to
confrel the linearity ot the extremes of deflection

High Voltage Supply

A pentupler, starting with the voltoge ot Termingl 18 of
T701, builds up o potential of 3350 volts for the post
deflection accelerator in the ot. This provides an accelerat
ing potential of approximately 4 KV, since the cathode volt-
age is about —&70 volts,
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SECTION 5
MAINTENANCE

PREVENTIVE MAINTENANCE

Recalibration

The Type 321A Oscilloscope is o stable instrument ond
will provide mwany hours of trouble-fres operation. Yo
insure the reliability of measurements obtained on the Type
3N A howsver, we suggest its calibration be checked ofter
sach 500 hours of opergtion, or ot least every six months
if ysed intermittently. A check of the colibration olse pro-
vides o means for checking the aperation of each cirevit,
pinor operational deficiencies thot are not apparent in
normal use are often detected during a colibration check.

A complate step by step procedure Tor chacking the cali-
bration of the instrument is included in Section & of this
manyal,

Soldering Precautions

In the production of Tekironix instruments o special silver-
bearing solder is used to estoblish o bond o the ceramic
terminal sirips, This bond may be broken by repeated use
of ordinary tin-lead solder, or by excessive heating of the
terminal strip with o soldering iron. However, occosional
use of ordinary solder will not break the bond i foo much
heat is not applied,

In those shopy responsible for the maintenance of several
Tekironix instrumants it is odvisable to have g stock of
solder containing chout 3% silver, This type of solder is
used  frequently in printed-cireuit work and is g&mﬂrcz]iy
available. Or it con be purchased From Tekdronix i one-
pound rolls; order by port number 351.514,

REMOVAL AND REPLACEMENT OF PARTS

General Information

Procedures m{;ai*?& for replocement of most parts in the
Type 321A Oscilloscope are obvious. Detailed instructions
for their removal are therefore not reguired. Other parts,
however, can best be removed i a delinite procedure i3
followed, Insiructions for removal of some of thase parts
are contoined in the following paragraphs. Becouse of the
nature of the nstrument, ;{,;:E,,'S{:ﬁmpﬁ? of cartain ports will
require that you recalibrate portions of the oscilloscope o
insure proper operation frefer fo the Calibrotion procedure
portion of this manual),

Removal of Panels

The ponels of the Type 32TA Oscil lloscope are held in
place by smoll screwheod fasteners. To remove the side
ponels, use o screwdriver to rotate the fusteners approx-

mately hwo furns countarciockwise: then pul the upper por-
tion he panal outward from the carrying handies, Ponels
are reploced by reversing the order of their removal.

To remove the battery cover, loosen the thumb sorew at
the front of the cover and pull the front end out for a shont
distance. Then siide the cover forward to clear the clips
at the rear end {see Fig. 23 in Section 2L

Replacement of the Cothode-Ray Tube

To remove the o, first disconnegt the tube socket and
ail leads connected o the neck of the tube. loosen the
tube clomp ot the buse of the orf and remove the graticule
cover and graticsle. [Remove the graticuls cover by re-
moving the phillips head screw locoted on the lower pont
of the cover) Pull the orf straight out through the front
punel. When the new ot is in ploce, the leads con be
properly connected fo the neck of the tube by foliowing the
color code information provided on the tube shield. After
replocement of the crf, it will be necessary to check the
calibration of the oscilloscope,

Replacement of Switches

Methads for removal of defective switches are, for the
most part, ohvious and only o normal amount of care is
required, Single walers are normally not replaced on the
switches. If one waofer is defective the entire switch should
be reploced. Swilches can be order from Tekironix either
wired or unwired, os desired.

Replactement of Ceramic Terminal Strips

To remove a ceramic termingl strip, unsolder ali com-
ponents and connections, then pry the sirip with studs
attached out of the chassis. An alternative method is to
use dicgonal cutters to cut off one side of each stud to
free the strip. Try not to damage the spacer. After remov-
ing the sirip, the remainder of each stud con be easily
extracted from the chassis with a pair of pliers. The studs
nead not be solvaged since new ones are furnished with
the new strips. if the spocers are not damaged, they can
be reused os long os they hold the strip assembly securely.

Fig. 5-1. Instolloten of o cesomic sirip.
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TROUBLESHOOTING PROCEDURE

introduction
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1. Regulator Circuit

Converter Cireuit

Crr Cirewit and High-Voltage Supply
. Vertical Amglifier

Time-Base Trigger Cireuit

L

Time-Base Generator

e IE-NER TN S S N

. Horizontal Amplifier

The first circuit o check, for practically any type of
trouble, v the 10-Volt Reguiator circuit, An improper out-
put veltage from this supply will affect the operation of
the entire instrument.

In zome cases an improper voltage from the Converter
may offect one circult more than the others. In these coses,
valuable fime can be saved by checking the supply volioges
first,

O the other hand, the ot display can often be used to
isolate frouble to one particular circuit when frouble obvious-
ly exists in that cireuit, If there is no vertical daflection,
for example, when the intensity and horizontal deflection
appear to be normal, it is apparent that an open condition
exists in the Vertical Ampiifier and this cireuit should be
investigated first,

The moterial that follows contains information for trouble
shooting each circuit for troubles that may be vaused b;. @
defect in the circuit. A method is described, in some in-
stances, for iocating the stoge in which the frouble may
be originoting; once the stage of fault is known, the com-
;:x:»nefﬂ.n causing the frouble can be located by w%,{:jqe and
resistance mensurements or by substitution. In certain other
instonces the informotion s more specific wnd the trouble
can be fraced to o particular component.

Circuit foilure may be coused by transistor feilure. I
replacement of a defective Ironsistor does net correct the
trouble, then check the components ossociated with the
fronsistors.

Meindenunee — Type 321A

TROUBLESHOOTING THE REGULATOR CIRCUIT

Proper operation of every circult in the Type 32TA depends
on proper operotion of the Regulator circuit and the Con-
verter, The do voltoges must remain within their specified
tolerances for the instrument to retain its colibration,

Open Power Cireuit (Deoad Circuit)

With the AC 115V lor 230V} line connected, an increase
in the SCALE ILLUM control {cw) should brighten the grati-
cule lights, If the graticule lights do not come on, check
the source of power, powsr connection, and the fuse F01.

NMOTE

Disconnect the power cord when working on the
transformer T401 or associoted circuiis, [f the fuse
is blown, replace it with ane of the proper value
and reconnect the ac line cord. M the new fuse
blows immediately, check the power transformer
for shorted primary or secondary windings. Short-
ed rectifiers in the secondary circuit will also blow
the fuse F&O1. Check for on open primary wind-
ing in the power transformer if the fuse bs good.

Incorrect Voltage

With the POWER switch in the EXT ON position, you
should measure sxactly 10 volts across C857; {see Fig. &1,
Section &), If this voliage i not pr»\sem cheek for an open
fuse F&21 or thermal cutour switch TE&21, (Rasistance of the
thermal cutout switch is about CJ.EE"}); [f the fuse iz blown,
replace it with one of the proper value ond furn the instru-
ment on again, If the new fuse blows immediately, dis
connect either the Converter circuit or the Ot circuit, or
beth, from the Regulotor circuit to isolate the trouble (see
Fig. 521 if the fuse continues to blow, the frouble lies in
the Regulater circuit, 1 the Regulator cireuit s free of
trouble connect, one ot o time, the Converter and the Crt
circuit 1o locate the source of trouble. Once the crcuit af
foult is known, you can then troubleshoot within this circuit

TABLE 5-1

Typicol Resistunces

Type of Meter:

Mir:
Test Location Type of Meter: 20,000 Model Na.:
Point {Fig. Mo.) Type 3214 Ser.
Resistance | Ohms Ronge Resistance ths Rcmge
Readings™ ise Readings Used

Battery Term.

*Reverse the ohmmeter letds to get both reodings.

B pasured oeross the internal botery terminals located af the bottom veor portion of the instrument,
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TROUBLESHOOTING THE VERTICAL AMPLIFIER

No Spot or Troce Visible on Ot

iy




plifier showing test points for checking the balance of the
amplifier. For this check it is convenient to have o short lead
iabout § to 10 inches) with a rubber-covered alligator clip on
each end, and o voltmater {5000 Q2 per voll or better].

Connect the voltmeter beween the base of Q504 and the
base of 0514, and set the VERTICAL POSITION control 1o
mid-position. A reading of less than 0.06 volt would indicate
unbalance in the output stage (Q304, Q5141 Check for de
fective tronsistors and associnted circult parts, A reading
of D.06 volt or more on the volimeter indicates unbalance
ghead {toward the input stagel of the voltmeter. Reconnect
the voltmeter hetween the base of Q484 and Q4%4. A read-
ing of less than 0.02 volt indicates unbalance in that stage. A
reading of more than 0.02 volt indicates unbalance toward
the input stage.

The next step is fo connect together the collector of Q464
and the collector of 474 with the shorting strap, 1§ the
trace appears on the ot it may be necessary to adjust the
VERTICAL POSITION conirol] the trouble lies either in one of
the fransistors or in some comgponent chead of this stage,
From this point it is advisable to troubleshoot by substitution,
Do not connect other points an opposite sides of the circult
together, as an improper voltage on one side could damage
transisiors on the other,

insufficient or No Vertical Deflection

insulficient vertical deflection indicotes o 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 goin.

Muointenange ~— Type J21A

Refer to Section & for this. However, if the amplifier connat
be recolibrated, or if the decrense in gain is more pro-
nounced, it will be necessary to check the transistors, tubs,
agnd clresit components,

i there it no vertical deflection on the orf, an inoperative
condition in the vertical deflection system is indicated. I
the trace can be moved with the VERTICAL POSITION con-
rol, the trouble is originating chead of frol in one
of the input stages of the Verlical Amplifier {input ok, input

a bl

1§ the trace cannot be moved with the VERTICAL POSE
TICON control, one of the stages following the control is in-
operative. In either of the ohove coses the tube or fransistor
should first be replaced, then circuit components should be
checked.

TROUBLESHOOTING THE HORIZONTAL AMPLI-
FIER

No Spot or Trace on the Crt

To determine that the Horizontal Amplifier is in o state
of de unbolonce, turn the instrument off ond remove the
feads that connect 1o 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 ond {ofter
warmup), adjust the VERTICAL POSITION control. If a spot
now appears on the crt, the trouble lies in sither the Hori-
zontal Amplifier or the Time-Base Generator. To determine
which eircuit is ot foult, reconnect the leads to the hori

é T Lower
504 g Deflection
Plute
V423 o k
Qass AN
G433
Short to Lj Shegrt o
v v check D bolonce
check DO () C_, of Vertical
balance Amplifier
¥
474 A AT Ve
e BA
e BAL LY R A
o Upper
G314 A e Deflection
Ploate

Fig, 5-3. Simplified diogram of the Vertical Amplifier showing test points for checking the de bolonte of the amplifier.

o
W
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insufficient or Lot Time-foss

To Right-Mon

points for cheching the dv bolones of the smplifiar,




trouble either be due to insufficient output fram the Time-
Base Generaior, or to insufficient gain in the Horizontal
Amplifier.

The Time-Base Generator can be checked in the same man-
ner as described previously, Thaot is, by rxn,muriﬂg for a 20-
volt varigion at the emitter of Q173, ot o slow sweep rate
if this reading is not obtained, the Time-Base Generator is G?
fauli, and i3 cirenitry can be investigated. The SWP LENGTH

afcmro, { is very important and its satting should bs
checked For the proper adjustment of this conirol, refer

to Saction 4.

i the voltmeter indicates the proper reading {see Fig. 3.5)
the Horizontal Amplifier will be the circuir ot fault. Chack
for defective transistors and circoit components.

TROUBLESHOOTING THE TIME-BASE TRIGGER

Improper Triggering

It the waveform you are chserving connot be triggered
flocked into position} properly, the trouble can be: {1} mis-
i of the STABILITY control, {2} the trigger péc%aﬂf c
cuit {trigger plifier (3524} in the Vertical Amplifier,
Time-Base Genernfor, or (4] the Time-Base Trigger cireuit,

Refer to Section & for misadjustment of the STABILITY con-
trol. The operotion of the trigger pickolf circuit can be
checked os follows: comnect an external triggering signal
{preferably the signal put wovelorm) to the (Triggering}
INPUT connector, Sef the INT-EXT switch o the EXT position,
Chack to see if the waveform con now be triggered, H so,
the trigger pickoff stage Q524 is of fault; it is not possing the
internal dgnal thot develops the triggering pulse.

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

¥ the sweep can be turned off and on with the LEVEL
control, the sweep genercior is capabie of being friggered.
This indicates the Time-Bose Trigger is not functioning
properly. Theck for defeciive transistors ond circuit com-
ponents,

TROUBLESHOOTING THE TIME-BASE GENERA-
TOR

Mo Horizontal Sweep

it is important that you understand the operation of the
Time-Base Generator before proceeding with any extensive
tnvestigation of the circuit. For this reason we suggest that
vou thoroughly study that portion of the Circuit Description
perkaining fo this circuit.

i the Time-Base Gensrator & not producing o sawtooth
sweep when the LEVEL control is in the FREE RUN position,
some defect iz rendering the circult incperative. The timing
components [R160-C1&0) and the hold-off capacitor {C180)

Mointenonce — Type J21A

can be checked by rotating the TIME/DIV switch through s
range. I o trace appears in some positions of the switch,
the trouble will lig in the components associated with %hr
noperative position(s] of the switch.

if no troce oppsars inoany position of the TIME/DIV
switch, the generator is “hung up” either at the low end or
at the high end of the sweepn. Set the TIME/DIV switch to
5 MILLL SEC and measure the voltage of the emitter of Q173
H this voltage is very close to zere, the circuit is bung up
at low end of the sowtooth; thot i, the sweep connot get
storfed, In this cose, voltage reading of key poinls in the
cireuit may help to isolate the source of trouble. Connect a
a voltmeter to the base of QI35 and turn the LEVEL con-
trol just slightly to the left, away from the FREE RUN posi-
fion. Then vary the setting of the STABILITY potentiometer,
The voltage at the buase of Q135 should vary between about
3.5 volts and obout 7.5 volts. Voltages outside of this ronge
indicate trouble In the stability.control o ... RI1IT, RIS,
DY, D131, Also, check transistors Q135 and Q183 check
D183 and R18) in the emiftter cireuit of Q183

The operation of the Sweep-Gating Multivibrator can be
checked by connecting the voltmeler to the collector of Q145
or base of (53 and varying the selting of the STABILITY
potentiometer. [ no trouble exists in the mulitvibrator clrauit,
it will be forced from one stoble state to the other as the
STABILITY control is varied from one end of its range to the
other, This will cause the {G*lec*‘cr voltoge of Q145 to vary
from about —1.1 to +1.6 volts. The bose vollage of Q153
wi %i vary from shout wﬁé fr;& -+2 volis, MNormal operation

! the gating ftransistor Q153 & indicoted by o voltage change
cﬂ its emitter equal to about 032 1o 406 volb,

If the voltoge range ab emitter of Q153 appewrs to be
normal, the hang-up is occurring in the Miller circult, A check
of the voltages, at the points indicated on the circuit diagram,
may indicote the source of the trouble. i not, check by sub-
stitution transistors Q161, Q143 and Q173, and Dicde D153

It the vollage of the emitter of Q173 is from 20 to about
—40 volts, the circuit is hung up at the high [most negative)
end of the sowtooth, This indicates that the dischorge poth
of the Timing Capocitor C140 is blocked. Since the Timing
Capacitor dia-"}’s srges through @153, R153, and D153, these
components should be checked first. Then check the mc? ton of
the Swaep-Gating Multivibrator by the method mentioned
previously, If the mul'ivibm*or is locked up so thot Q145 05
ccnmmimg, Q153 will be back-blased ond will block the dis-
charge path.

Improper Triggering

If the sweep cannot be triggered properly, the gating pulse
ifmm the Multivibrator {Q134-GH1450 is not turning the diogde

153 off and on properly. The start of the gating pulse,
wh:r!‘ turns the diode off and starts the sweep, is initiated by
the triggering pulse af the base of Q135 The end of the
gating pulse, which furns the diode on and initictes the re-
trace, is controlled by the hold-off waveform ot the bose of
Q135 The main companent to check, in addition to the
transistors, is the differentiating capaciter C131.

5-7
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TROUBLESHOOTING THE CALIBRATOR

Insufficient or Neo Calibrator Quiput




SECTION 6
CALIBRATION

EQUIPMENT REQUIRED

The following equipment is required for a full recalibration
of the Type 321A Oscilloscope.

1

1.

. Test oscilloscope with 13

. B-ohm ter

Do voltmeter [sensitivity ot least 20,000 v} calibroted
for an ococuracy of at least 1% ot 58, 14, 45, 720, and
3300 volts. Be sure the meter is accurate; few portable
meters hove comparable cccuraey, particularly ofter a
period of use,

- Accurate rmsereading ac voltmeter, 0-150 volts (0-250 or

0-300 volts for 230-volt operation).

- Varioble auvtotransformer having a rating of ot least ]

ampere.

ond 1020 probes, ocourately
calibrated for vertical gain ot 5, 10, 20, 50, and 100
my per division. Bandwidth: de to about 100 ke or higher.

- Type P800S 103 possive probe {Tektronix part number

GI0-127 BNC) for use with the Type 321A. As o usefy
accessory, include an adapter (Tektronix part number
013-05¢] which adapts probe fip to fit a BNC jack.

. Square-wave generator, Tekironix Type 105 or aguivalent.
;.

If a Tektronix Type 105 is not available, it will be naces.
sary to substitute a generator with the foliowing charac-
teristics:  Output frequencies of about 1 ke ond 400 ke,
risetime 13 nsec or fasfer inte o 50-ohm [nominall cable
terminated ot both ends; output valtage variahle from 10
ta FOG volts across an internal é0-ohm lood,

. Constant-amplitude signal gensrator, Tekironix Type 190A

or 1908 or equivalent. I o Tektronix Type 190A or 1908
is not available, it will be necessary to substitute o gen-
erafor that provides up to 5 volts signal output. The
oulput must be adiustable {monuolly or cutomatically)
for constant amplitude within o frequency range of 500 ke

to & me, including & reference frequency of about 50 ke

erator, Tektronix Type 180 or 180A or
equivalent, Markers required ot 500, 100, 50, 10, 5
and T msec, 500, 100, 50, 10, 5, and All cutputs

must have o time oaccuracy of af e

£

F

W-ohm {nominal impedonce] coaxial cable, 42 inches
ong with BNC plug comnectars on sarch and, Tektronix
part number 912087,

snation with one BNC plug and one BNC jack
ings, Tekironix part number 011-049,

connedtor

- 50-ohm 10:7 attenuator with one BNC plug and ore BNC

jack connector fittings, Tektronix part number 011-05%

. Connector adapter, single binding post fitted with o BNC

tug. Binding pest accepts banana plug. Tektronix part
er 103-033.

adapter with BNC jack and UHF plug con-
nactor nitngs, accepts BNC plug and fits UHF jock. Tek-
fronix part number 103015,

14

. Clip-ead ndapter for the Type 190A or 1908 fo perform
step 19 Choose connector type thaf s attenuator unit of
generator; sither a UHF type (Telironix port number 073-
003) or o BNC type (Teltronix part number 913-074}.

- Patch cord, 6" long, with bonona plug-andjock com.

bination ot each end. Tekironix part number 012-024.

. Miscelioneoys Hems (one ench)

Small screwdriver with 4% wide hit.

Large screwdriver with a V" wide bit,

Nut driver, %",
confrol,

to it locking hex nut on 10V ADJ

Plastic rod, 1" diometer, about 47 long, with o chisel

fip.

Jaco Mo, 125 insulated low-copacitance-type scrawdriver

with o 14" leng shank and 4" wide metal Hn. Total
RO g s - /8 g

length is about 5% Tektronix port number 003.000.

ADJUSTMENT PROCEDURE

Preliminary Instructions

Remove the side covers from the Type 321A. Set up the

front-panal controls as follows:

INTENSITY

HORIZONTAL POSE
TION

POWER

TIME/DIV

VARIABLE (TIME/DIV)

MAG

Eult left {cow}

Midrangs

EXYT ON
T OMILLE SEC
CALIB [full right)

Knob pushed in

TRIGGERING
LEVEL Midrangs
SLOPE
AC.DC AC
INT-EXT T
VOLTS/ DIy A
VARIABLE (VOLTS/DIV) CALB
AC-DC-GND D

YERTICAL POSITION Midrange

MOTE

Controls not listed obove ore not pertinent to this
portion of the procedure and may be left in any
position.  Adjustment of these controls will be
made ot the oppropricts Hme in the following
procedure.
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2. Check Supply Veltage ond Ripple of Other Supplies
{Convertey]

&-2




the waveform disployed on the test oscilloscope.
{Be sure the test oscilloscope itself is accurate))

Diszonnect the probe from the CAL QUT 500 MV
connector.

d. Connect the 13 probe to the CAL 4 DIV test point
shown in Fig. &1, Adjust the test oscilloscope for
stable display at o verticol deflection fastor of 18
myiem. The omplitude at this point should be 40
myv, 3%,

e. Disconnect the probe from the Type 321A,

4. Adjust De Balonce (Vertical Amplifier]

a. Rotate the LEVEL contrel fully dockwise to the FREE
RUKN position.

b, Turn up the INTENSITY control uniil the trace is
visible, Check thot the VERTICAL POSITION conirol
is set to midrange, Adjust the FOCUS, ASTIGMAT-
ISM and INTENSITY controls for o well defined
trace of normal intensity.

NOTE
It the trace is not visible becouse it is above or
below the crt viewing area, preoadjust the DC BAL
control  {front-panel screwdriver adjustment}) to
posifion the brace near graticule center,

¢ Using the HORIZONTAL POSITION control, position
the frace to start ot the left edge of the groticule
C-cm groticule linel.

d. Rotote the VARIABLE [VOLTS/DHY) control slightly
clockwise out of the detent CALIE position and back
again, H ony vertical displacement of the trace is
apparant, adjust the DC BAL contral until the trace
remains stationary as the VARIABLE (VOLTS/DIV)
control s rotated bock and forth,

e, Sef the VARIABLE (VOLTS/DIV! control to the CALIR
position,

Calibration «— Type 3214

5. Check Crt Alignment (Crt Cireuit)

a. Adjust the FOCUS and ASTIGMATISM controls for
sharpest froce {narrowest frace width).

b. Using the VERTICAL POSITION control, position the
trace directly behind the center groticule line.

o I the trace ond graticule line do not coincide over
ength of the graticule, loosen the ot base clamp
and rotate the ot

d. When the trace ond graticule line are in coincidence,
hold the bottom of the graticule cover in ploce so
the crt does not dislodge o ond push the ot for-
ward using ¢ plastic red as o lever behind the crt
socket, The ort foce should rest snugly against the
graticule.

e. Recheck alignment of the trace but do not tighten
the ot bose clamp until ofter the next step,

6. Adjust Geometry {Ort Circuit)

a. Using the VERTICAL POSITION control, position the
trace to the top groticuls line.

b, f any curvature is present in the troce, odjust the
GEOM AD] RB&1 control for minimum curvaiure.

¢. Position the trace fo the bottom graticule line ond,

if necessary, repeat the previous step.
MNOTE

A compromise sefting of the GEOM ADJ control
may be necessary for best over-all linearity.

d. Position the trace fo groticule center and recheck
alignment of the trace. If the trace and graticule fine
coincide, tighten the ot base clamp. i the trace does
not coincide, rotate the crt slightly for proper coin-
cidence and then Hghten the base clamp.

Fig. &-2. Test paoint locutions for checking the Converler wuipul voltages (bottom right-side view].

®

-4
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7. Adiust Stobility {Time-Boase Sensrotor!

Adpust High-Frequenty Compensation CS08 {Vert
cal Amplifier}

10, Adiust Probe ond VOLTS/DIY Atenuster [Verll
val Ampiifier)
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Undaer Compansaied Adjusted Coreoctly Cvar Tompenseted
Il e e D el Bl Tl S el e e | o {oo Lo {onst | ooan §neee { oun Ll R PR B et Tl F R R R
O SR N AR S O U O T S [0 S UG G S U U A VO S L T S S U GRS ST A S T
Fig. &3, Standardizing the fnput Hme constant,
i Using the information given in Table 4.2, adjust the i Turn off the Type 105; disconnect the probe from

two capocitors for each position [storting with the the Type 1085 ond the Type 321A
02 VOLTS/DIV  position) for  best square-wave
response. Location of the varial capacitars s
shown in Fig, &5, Then, continue in a similar 11,
mannet for the remaining VOLTS/DIV switch posi-

Check Frequency Response (Vertical Amplifier)

tions listed in the tobls, Moiniain 4 divisions of a. Set the Atenuator switch of the Type 190A [or 1908

deflection for each switch position providing the or equivalent} Constant-Amplitude Signal Generator
generator has sufficient output, o the [Llvolt peok-to-peak position,

TABLE 6-2 b. Connect the Type 1»‘?{);“«; Atfenuator am{i% 1‘?@_{03&;?’1 a

S0-ohm termination to the Type 321A Wertical Am-

Input Time-Constant Stendardization plifier] INPUT connector. Use o connactor adapler,
and Aftenuator Compensation i needed, to moke proper connection

YOLTS /DY Adiust for P Adiust for Optimum

o

Set the Signal Generator for an oulput frequency
5

timum Flat Top leading Square Cor- of 50ke.

sow Fi . ner {sae Fig, 6-4) 7

Cp

,,,,, Set up the Type 3214 front-panel confrols as follows:

C

iy

. {TRIGGERING) LEVEL FREE RUN
Cfﬂ GA

VARIABLE [TIME/DIV) CALIB

YOLTS/ D 01

CCAI0A

VARIABLE (VOLTS/DIV) CALIB

© Remove the 1051 attenuntor for this and remainiag switeh positions. . - - ) L
Tern off the Typs 105 di oulpul when removing the alfensaler lo & Adiust the fype 190A to produce o deflection of

avoid o

shock hogard. exactly 4 major divisions on the Type 3214,

°* Remove the 30-ohm lerminotion for this and following swilsh

position,

T Meximum amplitude of the disploy is 1 mojor division since 150

valts i3

HET e VB i Tt} P omeyprbre S
Avoid shock hezord os described previously. £ Using the VERTICAL FOSITION contral, position the
so the deflection extends over the middie

isians,

the maximum ouipul omplitvde from the Type 108,

Undsr Compensated Adjusted Correcily {var Compensuted

Fig. #-4. Compensoting the Affenuater high-frequsncy response,
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g Incrense the Signal Generator output frequency to
& me.

h, The deflection should now be 2.8 major divisions
ar more. This is eguivalent fo an upper bondpass
of & me or more af 3db down

i, Disconnect the Type 190A signal,

12. Adjust Horizontsl Gain (Herizontal Amplifier}

4. Set up the front-panel controls of the Type 321A os
follows:

TIME]DIY
VARIABLE (THAE/DIV)
53¢ MAG

TRIGGERING

1 ML SEC
CALIB

Knob pushed in

BNTEXT INT
AC-DC AC
SLOPE =

ACDC.GND Doe

b, Apply 1-millisec and 100 psec markers from the ?vpe
180A Time-Mark Generator, or equivalent, through o
coaxial coble fo the Type 32TA (Verticdl Amghfze)
INPUT connactor,

¢ Set up the following controls for best presentation
which is obout 3 major divisions in omplitude:
VOLTS/DIV, VARIABLE (VOLTS/DIV], VERTICAL

POSITION, HORIZONTAL POSITION, (TRIGGER-
ING) LEVEL, FOCUS, INTENSITY, ASTIGMATISM,
and SCALE HLLUM,

4. i%*’*:w the HORIZ
far one i’%éah st
ijs;f tha

i1 this

7, and 18

13,

of 105 ‘f*:};u

display to start at the |
3

¢, Position i
cule mark

14, Adjust Mognifier Gain {Horizontal Amplifier)

MAG knob to iis outward posi

b Ad the MAC

15.

14,

17,

18,

Ceddibration — Type 3214

Use the HORIZONTAL POSTION control to align the
Y.millisec markers with the 0., 5. and 10-major-
division gratizule lines.

Check Magnified Sweep Linearity (Horizontal Am-
pitier]

a. L?smg the HOR ZQNML POSITION confrol, pesition
the display to the right until the sweep starts o the
L.majordivision graticule line,

b, Check sweep linearity over the first 8-mojor-divisi
portion of the display. Non-linearity should not

axceed 7% or =016 major division,

i1

Position the d?spiav to the left and check Hnearity
for the xerﬁmrzmg poriions G§ the display, MNon-

wearity should not exceed - over any B-major-
division portion of the display.

Check Normal-Mognified Sweep Registration {Hori-
rontal Amplifier)

a. Set the Type 180A for S-millisec time-marker oulpul,

b. Adiust the VOLTS/DIV, VARIABLE (VOLTS/DIV), and
_T?E GUERING) LEVEL conirols for o stoble display
about 3 major divisions in amplifude.

¢, Push the 53 MAG
display to start at

knob inward ond position the
the O-division groticule line

d. Note the !T%{‘JEK&“’ located of the center [S-division]
graticule line. Using the HORIZONTAL POBITION
cantral carefully position this maorker so # coin-
cides exactly behind the center graticule line.

MAG knob mva and note the dis-
i Mark:ﬁ shift should

clivisions.

e, Pull the 5
tance that the marker sh
be less than -+72.5 maojor

£ Push the 53 MAG knob inword,

Adjust .5 psec Sweep-Rute  Timing {TIME/ DIV

Switchl

a. A for T-psec time-marker outpul

b, 1A TIME/DIV switch ta B pSEC

<. 'f"}{-"‘;?ifﬁf%‘?ﬁi and
o stable display
sde,

d. marker per 2

ior division

Check Sweep-Roate Timing  Accurncy {TIME/DIV

Switch]

<
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TABLE 6-3 f. Set the TIME/DIV switch to EXT HORIZ INPUT and

pull the 5X MAG knob outward,

TIME/DIV Time Markers Markers for
Switch from Maijor Division g. Set the VERTICAL POSITION ond HORIZONTAL
Position Type 180A { Accuracy 3% POSITION controls so the trace is locoted near
; i groticule center. Use the INTENSITY control to ad-
1 pSEC prsec just the brightness of the frace to a suitable lavel
s Ll : h. Check that the horizontal deflection of the trace |
. Check that the horizontal deflection of the trace is
13#252 }(5) H3EE : 5 major divisions long within o tolerance of :10%
5 #SEC ]0”"36: 5 or +0.5 major division.
e p3ec
: ,
5? }:\ifél SEC ]gg'ﬂ'sec i 20. Check Exiernal Horizontal Frequency Response
ML SEC 106 psec 5 {Horizontal Amplifier)
. usec
5 MILLT SEC 500 psec 1 a. Reduce the output amplitude of the Type 190A until
T MLl SEC ; i the horizontal deflection of the trace is exactly 4
S VAL SEC ; 2:‘22 5 major division long.
5 MILLL SEC [ i b. Increase the output frequency of the Type 190A
6 MILLI SEC 0 msec i until there are 2.8 mojor divisions of horizontal
flection.
20 MILL SEC 10 msec 2 deflection
50 MILLI SEC E0 msec 1 ¢. Check the Type 190A output frequency. The fre-
e 100 meae i quency should be 1 me or higher,
2 SEC 100 msec 2 d. Set the TIME/DIV switch to 1 MILLI SEC and push the
5 SEC 500 msec i 53 MAG knob to the inward position.

e. Disconnect the Type 190A signal.

b. Disconnect the Type 180A signal,

19. Check External Horizontal Deflection Factor {Hori~
zontal Amplifier)

a. Set the TIME/DIV switch to .1 MILLE SEC, the VOLTS/
DIV switch to 1, and the VARIABLE {VOLTS/DIV] 1o
CALIB.

b. Apply a 5-volt peckto-peck 50-ke signal from the a.
Type 190A, or equivalent, {through a suitable con-
nector adapter, if needed) to the Type 321A (Vert-
cal Amplifier]) INPUT conneclor,

21. Check Battery Churger (Regulator Circuit)

This is an optional check that should be made it you plan
to operate the Type 321A from its internal rechargeable
cells. This step checks the charging current by measuring
the voltage drop across Ré6%3, o resistor connected in series
with the batteries,

Set the POWER switch to TRICKLE,

b. Disconnect the ac line cord from the Type 321A and
insert rechargeable cells in the battery holder.

¢. Reconnect the line cord to the Type 321A. Check
that the autotransformer is set to design-center line
voltage.

¢. Adjust the Signal Generotfor output amplitude to
obtain excctly 5 major divisions of vertical deflec-
tion on the Type 321A ot Use the [TRIGGERING)

LEVEL control to make the display stable and the e. Connect the de voltmeter across R693. See Fig. 6-5

VERTICAL POSITION control to center the display
while setting up the Type 321A to obtain the correct
deflection, Adjust the INTENSITY controf for pleasing

for location of R693 and polarity of voltage. Use
Table 6-4 as o guide for typical voltage recdings
that should be obtained for the various switch posi-

display brightness. tions.
NOTE TABLE 6-4
The Type 190A is now set up so ils output ompli- POWER ! Charger Typical
tude is exactly 5 volts peak-to-peak [23%]). Swfff:h SWfi‘FE‘I Volfa_ge
This signal can now be used to check the external Position Position Reading
horizontal deflection factor., Do not move the LOW 4.45
Type 190A control until steps 19d through 19h TRICKLE HIGH 29
are ccmpfefed. DRY CELLS 0
d. Disconnect the Type 190A signal from the (Vertical LOVY 234
Amplifier] INPUT connector. FULL HIGH 19.4
. . ) DRY CELLS 0
e. Apply the Type 190A signal through a suitable clip- oW 35
lewd adapter to the Type 321A EXT HORIZ INPUT EXT ON -
connector, Connect the ground lead of the clip-lead HIGH 1.6
adapter to the Type 321A GND connector, DRY CELLS 0
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SECTION 7

PARTS LIST and DIAGRAMS

PARTS ORDERING INFORMATION

Replacement parts are availoble from or through your local Tektronix Field Office.

Changes to Tektronix instruments ore sometimes mode to accommodote improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. [t is therefore important, when
ordering parts, to include the following information in your order: Part number including
ony suffix, instrument type, serial number, and modification number if applicable.

If a part you have ordered has been reploced with & new or improved paort, your
local Tektronix Field Office will contact you concerning any change in part number,

ABBREVIATIONS AND SYMBOLS

mm

meay or M
met.

]

n

Q

QoD

OHS

p
PHS
piv
pistc
PMC

poly
Prec

PTM
RHS
rms
sec

SIN
tor T

THS
tub.
vorV
Var

w/
wio
wWw

SPECIAL NOTES AND SYMBOLS

Part first added at this serial number.

Part removed ofter this serial number,

or reworked or checked compenents.

a or amp amperes
BH3 binding head steel
C carbon
cer cergmic
cm centimeter
comp composition
cps cycles per second
crt cathode-ray tube
CSK counter sunk
dia diameter
div division
EMC electrolytic, metal cased
EMT electroyltic, metal tubular
ext external
f forad
F&I focus and intensity
FHS flat head steel
Fit HS fitlister head steel
gor G gige, or 107
Ge germanium
GMY guaranteed minimum value
b henry
hex hexagonal
HHS hex heod steel
HSS hex socket steel
HY high voliage
3] inside diameter
incd incondescent
int internal
k or K kilohms or ‘kilo (107}
ke kilocycle
m milli, or 1073
me megacycle
X000
000X
*Q00-000
Use 000-000
I

Part number indicoted is direct replacement.
Internal screwdriver adjustment.

Front-panel adjustment or connector.

millimeter
megohms or mega {104
metal

micro, or 107¢
nano, or 107

ohm

outside diameter
oval head steel
pico, or 10712

pan head steel
peak inverse voltage
plastic

paper, metal cased
polystyrene
precision

paper tubular
paper or plastic, tubular, molded
round head steel
root medan square
second

silicon

serial number
tera, or 10"

toroid

truss head steel
tubular

volt

variable

wait

with

without
wire-wound

Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix,
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Parls List — Type J2IA
FRIDNT & REAR
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Parts List - Type 32TA

FRONT & REAR
REF. PART SERIAL/MODEL NO.| Q
No. | NO. pre e I DESCRIFTION
T |366-203 1 KNOB, gray — FOCUS
- . Includes:
213.075 1 SCREW, set, 4-40 x 3/, inch HSS
2 |---- - Mounting Hardware For Poh
210-046 1 LOCKWASHER, internal, 400 OD x 261 ID
210-583 1 MNUT, hex, Y,-32 x %4 inch
210-940 1 WASHER, YV, ID x 3 inch QD
3 1366203 1 KNOB, gray — ASTIGMATISM
- e - Includes:
213075 1 SCREW, set, 4-40 x 3, inch HSS
4 | 366203 1 KNOB, groy — INTENSITY
- .- - Includes:
213075 1 SCREW, set, 4-40 x 3/, inch HSS
5 |366-203 1 KNOB, gray - SCALE {LLUM
.. - Includes:
213475 1 SCREW, set, 4-40 x 34, inch HSS
6 | 366-270 1 KNOB, charcoal — VERTICAL POSITION
. a e om - Includes:
213075 1 SCREW, set, 440 x 3, inch HSS
7 |- -~ - Mounting Hardware For Pot:
210046 1 LOCKWASHER, internal, 400 OD x 261 ID
210-223 1 LUG, solder, ¥, inch
210.583 } NUT, hex, V432 x % inch
8 | 346270 1 KNOB, charcoal —— HORIZONTAL POSITION
- . - Includes:
213075 i SCREW, set, 440 x %, inch HSS
9 | 385270 1 KNQOB, charcoal — POWER ON
e - Includes:
213075 1 SCREW, set, 4-40 x 34y inch HSS
10 | 260617 1 SWITCH, unwired — POWER ON
R - Mounting Hardware: (not included)
210.583 1 NUT, hex, %32 x % inch
210-940 1 WASHER, Y, ID x 3, inch OD
1t | 345081 1 KNOB, red —— VARIABLE
... “ Includes:
213004 1 SCREW, set, 6.32 x 3, inch HSS
12 | 366230 1 KNOB, charcoal — VOLTS/DIV
. n . - Includes:
213-004 1 SCREW, set, 6-32 x 3, inch HSS
13 | 262661 1 SWITCH, wired — VOLTS/DIYV
... - includes:
260-625 1 SWITCH, unwired — VOLTS/DIV
14 | 214153 10 FASTENER, delrin
15 | 337.332 1 SHIELD, attenuator
.. - Mounting Hardware: (net included)
11008 2 SCREW, 4-40 x Y/ inch BHS
16 | 407060 1 BRACKET, atenuator
®i 7-3



Posts: List— Type 3214

FRONT & REAR [Cont'd]

E¥)
Na| AT NO. m?m“” MODEL B:;; - ! DESCRIPTION
171 441-0581-00 1 CHASSIS, attenuator
~~~~~~ - Mounting Hardware: [not included]
210-0004-00 ? LOCKWASHER, internal, #4
210-0406-00 2 NUT, hex, 440 x 3, inch
211-0008-00 2 SCREW, 4-40 x %y, inch BHS
218020100 1 LUG, solder, SE #4
vvvvvvv - Mounting Hardware For Switch: {not included)
210001200 1 LOCKWASHER, internal, % x %% inch
210.041300 1 NUT, hex, %-32x Y, inch
F10-0840-00 1 WASHER, 390 1D x %y, inch OD
2¥1-0008-00 2 SCREW, 4-40x Y, inch BHS
18 | 368-0275-00 1 KNOB, red—VARIABLE
S - ncludes:
213000400 1 SCREW, sef, 632 x %y, inch HSS
19 | 366-0230-00 1 KNOB, charcoal——TIME/DIV
o e w e - Includes:
F13-0004.00 1 SCREW, sef, 6:32x 3, inch HSS
20 | 262-D450-00 11 SWITCH, wired—TIME/DIY
T - includes:
260037600 1 SEWITCH, unwired—TIME/DIV
21| 384019700 i ROD, extension
v e e - Maunting Hardwore: {not included}
F13-0075-00 i SCREW, set, 4-40 x %, inch HSS
22 | J4B.0055-00 1 GROMMET, nylon, Yy inch
23 | 406-0024-00 1 BRACKEY
o e e e a - Maunting Hardwore: {not included}
F10-0006-00 2 LOCKWASHER, internal, #6
210-8407 08 2 MNUT, hex, 6-32 x ¥, inch
¥ S e - Mounting hardware For Potb
210-0413-:00 2 NUT, hex, 332 x 1, inch
210-8840-00 1 WASHER, 390 1D x % inch OD
a e e e a s - Mounting Mardware For Switch: {not included)
060200 1 LOCKWASHER, internal, %, x Yy inch
1 2100641300 } NUT, hex, 3-32 x ¥4 inch
| 211.0504-00 2 SCREW, 632 x V¢ inch
25 1 386-0148-00 1] KNOB, charcoal—AUTO {LEVEL)
fo v <. . . Includes:
213-0004-00 i SCREW, set, 6-32 x 3 inch HSS
351 262-0662-00 T SWITCH, wired—AUTO (LEVEL)
~~~~~~ - Includes:
260-0296-00 1 SEWATCH, unwired-—ALUTO (LEVEL)
27 376-0014-00 1 COUPLING
Woo- - - Mounting Hardware For Minioture Potb
210-0044-00 H LOCKWASHER, internal, 400 ODx 261 1D
210-0583-00 2 MUT, hex, brass, '/,-32 x %, inch
e e e - Mounting Hardware For Switch: {not included)
20001200 1 LOCKWASHER, internal, % x Y, inch
210-0413-00 1 NUT, hex, ¥3-32x Y, inch
210-0840-00 | WASHER, 390 1D x %), inch OD




Parts List — Type 321A

FRONT & REAR (Cont'd]

REF. SERIAL{ MODEL NO. Q

NO. PART NO. ey Bise 1 DESCRIPTION

29 | 260-0448-00 11 SWITCH, unwired—AC-DC-GND
------ - Mounting Hardware: {not included)
210-0406-00 2 NUT, hex, 4-40 x 3/ inch

30 | 260-044%-00 11 SWITCH, unwired—INT-EXT
—————— - Mounting Hardware: {not included)
210-0406-00 2 NUT, hex, 4-40 x % inch

31 | 260-0449-00 1] SWITCH, unwired—AC.DC
------ - Mounting Hardware: {not included)
210-0406-09 2 NUT, hex, 440 x 3%, inch

32 | 260-0447-00 11 SWITCH, unwired—SLOPE
~~~~~~ - Mounting Hardware: (not included)
210-0406-00 2 NUT, hex, 4-40 x %, inch

33 | 131-0106-00 1| CONNECTOR, chassis mounted, BNC
------ - Mounting Hardware: {net included)
210-0255-00 1 LUG, solder
210042300 i NUT, hex, %3-32x Y, inch

34 | 136-0140-00 3| SOCKET, banana jock ass'y
------ - Mounting Hardware For Each: {not included)
210-0223-00 1 LUG, solder, ¥, inch
210-0445-00 2 NUT, hex, -32x 3/ inch
210-0895-00 1 WASHER, insulating, black

35 | 150-0038-00 1| LIGHT, LOW BATTERIES

36 | 129-0053-00 1| POST, binding, assembly
~~~~~~ - Includes:
200-0103-00 1 CAP, binding post
210001100 1 LOCKWASHER, internal, % inch
210-0455-00 1 NUT, hex, /,-28 x % inch
355-0507-00 1 STEM, binding post adapter

37 | 333-0830-00 1{ PANEL, front

38 | 358-0075-00 2 | BUSHING, miniature pot

39 | 387-0940-00 1| PLATE, front

40 | 136-0135-00 1] SQCKET, 2 pin (not shown}
------ - mounting hardware: {not included w/socket]
213-0113-00 2 SCREW, thread forming, 2-32 x %5 inch, RHS
387.0345-60 1] PLATE, mica

41 | 200-0196-00 1| COVER, fransistor
------ - Mounting Hardware: {not included]
211-0510-00 2 SCREW, 6-32 x 3y inch BHS

42 | 136-0140-00 1| SOCKET, banana jack oss'y
~~~~~~ - Maounting Hardware: {not included)
210-0223-00 1 LUG, solder, Y, inch
210-0465-00 2 NUT, hex, -32x %, inch

43 | 136-013%-00 1| SOCKET, banana jack ass'y
------ - Meounting Hardware: [not included)
210022300 1 LUG, solder, Y inch
210-0465-00 2 NUT, hex, *,-32 x ¥;-inch
210-0898-00 1 WASHER, insulating, red

44 | 334-0715-00 1] TAG, crt grid

45 | 387-0948-00 1| PLATE, reor

@
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Perts List — Type 321A

FRONT & REBAR [Cont'd]

REF, SERIAL/ MODEL NO. 2

NG, PART ND. rery BISE :, DESCRIPTION

461 33045200 11 BHIELD, switch
e e e e - Mounting Hardware: {not included)
211.0804-00 3 SCREW, &£32x Y, inch PHS

&7 1 3B70938.00 11 PLATE, bulkhead, front
e e e - Includes:
214-0210.00 E SPOOL, solder assembly
e e e e . Mounting Hardware: inot included)
361000700 1 SPACER
e e . Mounting Hardwore: [net included}
211650400 4 SCREW, 6-32x Y, inch PHS

48 348.0056.00 Tl GROMMET, 3, inch

491 348-0055-00 1t GROMMET, Y, inch

501 122.0123.00 FE 0 OANGLE, rail bottom
e e - Mounting Hardware For Each: {not included}
211050400 2 SCREW, 6-32x Y, inch PHS
334.0931-00 11 TAG, voltage rating {left rail, not shown)

511 124010900 11 STRIP, felt, 4, inches
124011500 1 STRIP, felt, 2% inches

521 131.0084-08 1 CONMNECTOR, cable, 12 inch anede

B3| 200-0197.00 11 COVER, ot ancde

541 200058400 11 COVER, groticule

A5 331-0055.00 11 GRATICULE

56| 337033400 T SHIELD, ot
------- - Mounting MHardware: [not included)
211-0504-00 7 SCREW, 632 x Y, inch PHS

571 343.0079-.00 1 CLAMP, crt socket
~~~~~~ - Mounting Hardware: [not included)
210045700 4 NUT, keps, 632 x %), inch
210050100 H NUT, square, 10-32 x ¥ inch
210.0803-00 4 WASHER, 6L x %, inch
211053400 4 SCREW, &32x ¥, inch PHS
212055700 i SCREW, 1032 x Y, inch RHS

AR 381022700 1] BAR, alum., extruded handle assembly
e e e e - . Includes:

591 344.0008.00 2 CLP
212086400 1 1009 gy 2 SCREW, 10-32 x 5, inch RHS
212-0507.00 | 2800 2 SCREW, 10-32 x 3 inch PHS
210-0010-00 1 42300 2 POCKWASHER, internal, #10

&0 367003700 1 HARDLE
e e e e - Mounting Mardware: {not included]
211050400 4 SCREVY, &-32 x Yy inch PHS

611 3B7.0941.00 11 PLATE, bulkhead, rear
ﬂﬂﬂﬂﬂﬂﬂ - kounting Herdware: [not included)
211050400 4 SCREW, 632 x Y, inch PHS
210-0202-00 1 X400 1 LUG, solder, SE&

&2 1 348-0024.00 21 FOOY, gray, fip-stand pivet block, lebt
248002700 21 FOOT, gray, flip-stand pivot hlock, ieft

&3 1 348-0042.00 41 FOOT, plastiz
e e e . - Mounting Hardware For Each: Inot inchuded]
210045700 1 NUT keps, 637 x ¥, inch
211.0532.00 1 SCREW, 6-32 x ¥, inch Fil HS

41 348-0030-00 11 GROMMET, polyethylene, ort shieid

L5 348005600 21 GROMMET, delrin

46 1 354.0095-00 11 RING, ot rotating




Parts List — Type 321A
FRONT & REAR [Cont'd)

REF. SERIAL/ MODEL NO. Q
NO. PART NO. 77 BiEE :I; BESCRIPTION
671 - -~ - - - - -1 Mounting Hardware For 5 Watt Resistor:
210-0478-00 11 NUT, hex, alum., resistor mounting:
210-0601-00 11 EYELET
211-0507-00 1| SCREW, 6-32x %4 inch BHS
211-0553-00 1| SCREW, 6-32x1Y, inches RHS, phillips
48 | 337-0654-00 1| SHIELD
------ - Mounting Hardware: {not included)
211-0504-00 2 SCREW, 6-32x Y, inch BHS
69 | 352-0080-00 1| HOLDER, battery assembly
~~~~~~ - Includes:
210-0006-00 4 LOCKWASHER, internal, #6
213.0045-00 é SCREW, self-tapping, 4-48x %/, inch PHS phillips
213-0133-00 4 SCREW, contact, 632
214-0501-00 4 SPRING, contact
352-0079-00 1 HOLDER, battery
387-0967-00 1 PLATE, contact
70 1 387-0966-00 1] PLATE, bottom wassembly
~~~~~~ - Includes:
210-0006-00 1 LOCKWASHER, internal, #6
213013100 1 SCREW, contoct, 6-32
71 | 391-0060-00 1| BLOCK, contact assembly
72 | 341-0078-00 1| SPACER, hattery
731 - - - - - - - | Mounting Hardware For Capacitor:
210-0018-00 1| LOCKWASHER, steel, %, inch
220-0415-00 1| NUT, hex, brass, 344-32 x 7/, inch
74 | 387096900 2| PLATE, cobinet, side
~~~~~~ - Each Includes:
105-000%-00 2 STOP, S 1D x Yy inch OD
210-0470-00 2 MNUT, cabinet fastener
210-0870-00 2 WASHER, %4 1D x 34 inch QD
213-0040-00 2 SCREW, fastening, 6-32x Y, inch
75 150-0020-00 11 BULB, pilot light assembly
76 | 134001200 11 PLUG, banana, male, twin
77 | 486-0020-00 11 BRACKET, attenuator
78 | 348.0024-00 11 FOOT




Perts List — Type 3214
CHASSIS
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Parts List ~ Type 321A

CHASSIS
REF. PRt  |SERIAL/MODEL NO.| Q
NO. NO. oy Forery ; DESCRIPTION
1 1136035 2 SOCKET, graticule light
.. e - Mounting Hardware: (not included}
210.457 1 MNUT, hex, 632 x 3/, inch
210-803 1 WASHER, 6L x % inch
211-510 1 SCREW, 6-32 x 3/, inch BHS
2 136101 1 SOCKET, 5 pin
“ e m - Mounting Hardware: (not included}
213.0585 2 SCREW, 232 x 3, inch PHS, phillips
3 |214-153 1 FASTENER, snap
4 |260-450 1 SWITCH, unwired — Charger
. - Mounting Hardware: (not included)
210-004 2 LOCKWASHER, internal, #4
210-408 2 NUT, hex, 4-40 x 3/, inch
211008 2 SCREW, 632 x /, inch BHS
5 1343-044 14 CLAMP, mounting
... - Mounting Hardware For Each: {not included)
210-584 1 NUT, hex, 4-40 x Y, inch
211008 1 SCREW, 4-40 x 1/, inch BHS
6 352077 4 HOLDER, transistor
7 1352078 11 HOQLDER, transistor
8 1344.014 1 CLAMP, Wiy x 1Yy, inches diometer
... - Mounting Hordware: {not included)
210-006 1 LOCKWASHER, internal, #6
210-407 1 NUT, hex, 632 x Y inch
211504 1 SCREW, 6-32 x ¥/, inch BHS
9 {348.055 3 GROMMET, plastic, Y, inch diometer
10 |348.056 3 GROMMET, delrin, 406 QD x 353 inch D
" 348031 4 GROMMET, polypropylene, V inch diameter
12 1352.025 1 HOLDER, fuse, dual 3AG
. e e - Mounting Hardware: [not included)
211.507 2 SCREW, 6-32 x 5/ inch BHS
13 §-- - - Mounting Hordware For Miniature Pot:
210-046 1 LOCKWASHER, 400 OD x 261 inch ID
210-583 1 NUT, hex, /-32 x % inch
210-940 1 WASHER, Y, 1D x 3 inch OD
14 {210-202 7 LUG, solder, SE #6
. - Mounting Hardware For Each: {not included)
213-044 1 SCREW, thread cutting, 5-32 x %, inch PHS, phillips
15 1406.485 1 BRACKET, transtormer
e - Mounting Hardwaore: (not included]
211.507 4 SCREW, 6-32 x 5/, inch BHS
16 1200.532 1 COVER, capacitor, polyethylene, 2Y45 x 1 inch diameter
17 |386.252 1 PLATE, fiber, small
e e - Mounting Hardware: (not included)
210-006 2 LOCKWASHER, internal, #6
210-407 2 NUT, hex, 632 x Y, inch
211-534 2 SCREW, 6-32 x %/ inch PHS with lockwasher
18 1200-293 1 COVER, capacitor, polyethylene, 2% x 1.365 inches ID




Parts List — Type 3214

CHASSIS (Cont'd}

SERIAL/ 3 ] @l

fj;: i;fg? £ ::: NQE;ESZO :: DESCRIPTION

19 (386254 1 PLATE, fiber, lorge
. e s - Mounting Hardware: {not included)
210004 2 LOCKWASHER, internal, #6
210407 2 MNUT, hex, 632 x Y inch
211.534 2 SCREW, £32 x 5 inch PHS with lockwasher

20 {343.088 3 CLAMP, cable, delrin

21 |441.557 i CHASSIS, power
‘e e - Mounting Hardware: (net included)
211.507 é SCREW, 632 x 5, inch BHS

22 |337-853 1 SHIELD, insulotion

23 |441.558 1 CHASSIS, high voltage
“oe s . Mounting Hardware: {not included)
211507 4 SUREW, 832 x %, inch BHS

24 |337-655 1 SHIELD, sweep
. e - . Mounting Hardware: [not inchuded)
Y1507 5 SCREW, 632 x %4 inch BHS

oI P . Mounting Mardware For Minioture Pok
210223 1 LUG, solder, Y, inch
210-583 i MUT, hex, ¥-32 x 3, inch

O P - Mounting Mardware For Transformer:
210-006 2 LOCKWASHER, internal, #6
210407 2 NUT, hex, 632 x ¥, inch

7 S R - Mounting Hardware For Tronsistorn
210008 1 LOCKWASHER, intemal, 6
£10.202 1 LG, solder, SE #6
210407 4 NUT, hex, 632 x Y, inch
Z10-817 4 WASHER, fiber, #4&
210812 2 WASHER, fiber, #10
21151 2 SCREW, 832 x ', inch BHS

28 133765 1 SHIELD, high volioge
. e e . Mounting Hardwaore: [not included)
210.586 3 MNUT, keps, 4-40 x 1, inch

29 1 441.556 1 CHASSIS, sweep
e . Mounting Hardwaore: inot included)
211507 5 SCREW, 6-32 x %, inch BHS

0 1348012 1 GROMMET, rubber, %, inch
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Parts List — Type 321A
CABLE HARNESS & CERAMIC STRIPS

Errrra

HEVOLTAGE CHASSIS

SWEER CHASSIS

@" ' TIME /BASE CHASSIS G*:
6)

POWER CHASSIS
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Ports List — Type J21A

CABLE HARMESS & CERAMIC 5TRIPS

5T
vl parr NO. . F;’ER“"” MODEL o T DESCRIPTION
o TFR0BR3.00 1 W00 1999 1 | CABLE HARNESS, sweep
179-0883.01 | 2000 11 CABLE HARNESS, sweep
2 1 179.0886-00 11 CABLE HARMESS, transformer
3 124014500 7 1 STRIP, ceramic, 7y inch x 20 noiches
~~~~~~ - Fach Includes:
355-0046-00 2 STUD, nylon
~~~~~~ - Mounting Hardware For Each: {not included]
361-0007-00 7 SPACER, nylen
4 1 124.0146.00 3 1 STRIP, ceramic, 7, inchx 18 noiches
—————— - Each Includes:
355.-0046-00 2 STUD, nylon
~~~~~~ - Mounting Hordware For Each: [not incuded)
361000700 d SPACER, nylon
5134014700 2] STRIP, ceramic, 7y, inch x 13 notches
~~~~~~ - Each Includes:
355.0046-00 2 STUD, nylon
S e e s - Mounting Hardware For Eoch: {not included)
361000760 2 SPACER, nylon
& | 124-0149-00 3§ STRIP, ceramic, %y inch x 7 notches
C e e e - Each Includes:
355.0046-00 7 STUD, nyion
~~~~~~ . Mounting Hardware For Each: {not included)
361000700 Z SPACER, nylon
7] 124014600 3 1 STRIP, ceramic, iy inch x 14 notches
~~~~~~ - Each includes:
355-0048-00 2 STUD, nyvion
. e e e - - Mounting Hardware For Each: {not included)
361-0009-00 2 SPACER, nylon
B | 124.0092.00 2 1 STRIP, ceramic, 7, inchx 3 notches
P e e e - Each includes:
355.0046-00 i STUD, nylon
~~~~~~ - Mounting Mardware For Bach: {not included}
361.0007-00 1 SPACER, nylon
¢ 1124014500 & 1 STRIP, ceramic, %y inch x 20 notches
e e e e - Fach includes:
355.0046-00 2 STUD, nylon
—————— - Mounting Hardware For Each: {not included)
341000700 2 SPACER, nylon
10 | 124-0148.00 21 STRIP, ceramic, 7/, inchx 16 notches
------- - Each includes;
355-0044-00 2 STUD, nylon
e e e e . - Mounting Hardware For Fach: {not included)
361-0007.00 2 SPACER, nylon
11 | 124004700 4 1 STRIP, ceramic, 7/, inchx 13 notches
P e e e - Fach Includes:
355.0048-00 Z STUD, nylon
~~~~~ - - Mounting Hardware For Fach: not included)
3461000700 ? SPACER, nylon
7-12 &




Parts List — Type 321A
CABLE HARNESS & CERAMIC STRIPS (Cont'd)

lSEﬁlAL!MOQEL NO.j @
REF, PART .
NO. NO. puy ey : DESCRIPTION
12 1 124-148 4 STRIP, ceramic, 7y, inch x 9 notches
< e e - Each Includes:
355.046 2 STUD, nylon
P - Mounting Hardware For Each: (not included)
361.007 2 SPACER, nylon
13 179-885 1 CABLE HARNESS, power connector
14 1392.164 1 BOARD {AC/DC Connector}
15 179-882 i CABLE, harness, vertical amplifier
16 1124-149 2 STRIP, ceramic, 7y, inch x 7 notches
. - Each includes:
355.044 2 S§TUD, nylon
.. . Mounting Hardware For Each: {not included)
361007 2 SPACER, nylon
17 |179-884 i CABLE, harness, timing switch
18 {179-887 1 CABLE, harness, crt
. e . . Includes:
19 1136-08] 1 SOCKET, crt, 12 pin with 24 inch leads
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Ports Ligt - Type 321A
STANDARD ACCESSORIES

REE, SERIALS MODEL NO, b
NG PART MO, vy oy ; DESCRIPTION
H 1 PROBE, package, P&00&
Z 1 ADAPTER, 3 1o 2 wire
100 1672 CORD, power, AU
1673 1] CORD, power, AC
4 - 100 1672 i CORD, powsr, DC ;
141001601 | 1673 1] CORD, power, DC
5012003100 1 W00 49 11 CORD, pateh
G12.0091.00 | 950 21 CORD, paich, BNC to bonano plug, 18 inches, red
& 103-D033.00 | 140 249X ADAPTER, BNC to binding post
71 378.0547.00 11 FILTER, light, graticule
g A0 1 X2568 1 FILTER, mesh {installed)

070042500

]

MANUAL, instruction {not shown}




ELECTRICAL PARTS

Valves are fixed unless marked Variable.

Cki. No.

B424
B&01
B4&02
B&9%
B714
B845

Tektronix
Part No.

150-027
150-001
150-001
150038
150-027
150-020

Description

Bulbs

Neon, NE-23
Incandescent, #47
Incandescent, #47
Assy w/GE 680 Lamp
Neon, NE-23

Neon, FML-1-AFRC008

Capacitors

Tolerance +720% unless otherwise indicated.

Tolerance of all electrolytic capacitors as follows [with exceptions):

3V — 50V
51V — 350V
351V — 450V

C2
8
C20
C23
<30

C37
c43
o ki
141
Ci47

. C160A
C160C
Cl160E
C160G
Clé0d

Clé0L
Clé0Mm
C160M
C1é5
C170
C180A

C180C
C180E
C180G
cigt
Ci93

= “10%1 ’+'250%
—10%, -+50%

i

281-501
283-008
283-003
281-518
290-026

281516
281-549
281.549
281516
281589

*295.078

281.022

Use 281-631
283-0148-00
281-512
281.512
250121

285-633
283-058
283-051
281-524
281-525

4.7 pt Cer
0.1 puf Cer
0.01 ut Cer
47 pf Cer
5 uf EMT
37 pf Cer
48 pf Cer
6B pf Cer
39 pf Cer
167 pt Cer
10 uf

1 uf

0.1 uf Timing Series
0.01 uf

0.001 pf

8-50 pt Cer
470 pt Cer
470 pf Cer
27 pf Cer
27 pt Cer
2 uf EMT
0.22 pf EMT
0,027 uf Cer
0.0033 uf Cer
150 pf Cer
470 pf Cer

Graticule Light
Graticule Light
LOW BATTERIES

Pilot Light

500 v
500 v
150 v
500 v
25v

500 v
500v
500 v
500v
500 v

Yar
1000 v
1000 v
500v
500 v
28y

100v
100y
100 v
500 v
500v

Parts List — Type 32TA

S/N Range

+1pt

10%
—10% +75%

10%
10%
10%
10%

5%

5% 100-3029
5% 3030-up
10%
0%
—10% +150%

10%
10%
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Porks List we Type 3214

Gkt Mo

300
(OCHY
{312
C401
C4104

C416C
C410E
C410F
C412A
C412C

C41Z2E
C414A
C414C
C414E
C416A

C418C
C418A
C418C
422
C423

438
462
C472
C479
483
C484

C504
504
C507
508
a7
532

524
Cal2
<621
C4a2%
Ca54
C457

Cas0
Ca9s
C7ot
C7er
C7N4
CA5

76
oz
c7ig
e
P20
G724

7-16

Tektronix
Port Na,

281-513
28150
Lise 281050400
Use™ 2850467200
281012

281005
281-534
281.534
281010
281005

281-543
281010
281.007
281-518
28007

281007
281005
281010
281.534
283-.041

283.059
283003
283-003
283-081
283-010
283-026

281-514
281012
281549
281-549
283059
283.05%

283.003
Use Z90-0086-00
Use *285.0672-00
290106
283.000
290-201

90218

Use 290-0118-00
283001
283.000
283034
283-034

283-022
283034
283013
285575
283.034
283-000

2t
47 pt
12 pt
0% uf
7-45 pf

1.5.7 pt
8.001 uf
8.001 uf
4.5.35 pf
1.5.7 pf

270 pt
4.5-25 pf
312 pf
47 of
312 pf

312 pt
1.57 pf
4.5.25 pt
33 pt
0.0033 uf

1 uf
0.01 uf
0.01
01 uf
0.05 uf
0.2 uf

39 pf
7-45 pt
68 pf
&8 pf

1 uf
1uf

0.01 pf
2000 uf
0.1 ut
10 pf
0.001 uf
100 pf

00 uf

2 x 100 pf
0.005 pf
0,001 pf
0.005 uf
0.005 uf

Q.07 ut
0.005 pf
861 of
8.1 puf

0.005 ut
0.00% uf

Copacitors [Cont'd}

Description

Cer
Cer
Cer
PTAM
Cor

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Car
Cer

Cer
EpMC
PTM
EMT

Cer
EMT

EMT
EMC
Cer
Cer
Cer
Cer

Car
Cer
Cer
PFTM
Cer
Cer

Yar

Yar

Yar
Yar

Var
Yar

Yar
Yo
Yar
Var

Vo

500 v
500 v
500 v
&00 v

500 v
500 v

500 v

500 v

500 v

B
150 v
150 v
25w
50 v
25

500w

500 v
50v
FLRY
By

1580 v
v
00 v
5v
500 v
15v

30 v
50 v
500
500 v
4000 v
4000 v

1400 v
4000 v
1000 v
1000 v
4000 v

00 v

1 pf
10%

10%
10%

10%

+0.25 pf
5%

315

0%
10%

S/M Range

X850-up

X400-up
X400-up




Ckt. No.

C730
o]
C734
C735
C737

€738
C739
C742
C743
C745

750
75

C753
C754
C756
757

C758
(852
854
854
87
C874

DIt
D13
D144
D45
D148

D149
D150
D153
D183
D194

D443
D505
D506
Dé10
Dé11

D614
Dé20
D29
Dés0

®d

Tekironix
Part No.

20117
290-117
290-117
250-117
290-167

290201
290201
290-217
290138
2%0-140

290201
290-201
290137
290.201
290-117
20117

290-117
283.-022
283-013
2B3-003
281-525
290-114

Use *152-185

152008
Use *152-185
Use *152.185
Use *152.185

Use *152.185
152-008
Use *152.185
Use *152.185
152-008

152-008
*152.075
*152.075

152-064

152-065

Use 152-008
152065
152.139
152-066

50 ut
50 ud
50 uf
50 uf
10 puf

100 pf
100 uf
250 uf
330 uf
120 uf

100 uf
100 pf
100 pf
100 puf
50 uf
50 uf

50 uf
0.02 ub
0.01 pf
0.01 uf
470 pt
47 uf

Silicon
Germanium
Silicon
Silicon
Silicon

Silicon
Germanium
Silicon
Silicon
Germanium

Germonium
Germanium
Germanium
Silicon
Silicon

Germanium
Silicon
Zener
Silicon

Description

EMT
EMT
EMT
EMT
EMT

EMT
EMT
EMT
EMT
EMT

EMT
EMT
EMT
EMT
EMT
EMT

EMT
Cer
Cer
Cer
Cer

EMT

Diodes

Replaceable by
Replaceable by

Replaceable by
Replaceable by

Replaceable by

Replaceahle by
Replaceable by

Tek Spec
Tek Spec

TN3194
1N3194

IN3194
1N751
IN3194

Capacitors (Cont'd]

50y
50v
50 v
50w
18v

15v
15y
12v

Ay
v

15v
15y
30v
15y
50v
50y

50v
1400 v
1000 v
150 v
500 v
bv

1N3605
1N3605

1N3605
TIN3405

TN3405

1N3605
13405

04w, 51v, 10%

Parts List — Type 321A

8/N Range

X400-up
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Ports Ligt o Type 3214

Tekironix
Okt No. Part Mo.
[aél 152064
D92 152066
Do 1200
D710 152.008
D710 152.141
DI 152.008
S TA R 152.141
Driz 152.008
D712 152141
D13 152008
D713 152141
D714 152002
DA 152002
Ds 152002
D7 152.002
D718 152002
1y 152.002
D720 152064
D7 152066
D724 152064
D72é 152066
D728 152001
DEg2 Use *152.185
F& 159028
F&21 15¢.018
124 *108-237
L743 *OE200
1745 *08-200
Q14 *151.133
Q24 *151.133
235 151108
(45 *151-126
Q135 ®151.108
Q45 #151.108
(153 151083
G181 151043
A3 151124
Q173 151063

7-18

Siticon
Silicon
Crermanium
Germaniym
Silicon

Germanium
Silicon
GCermanium
Silicon
CGermanium
Silicon

Silicon
Silicon
Sificon
Silicon
Sificon
Silicon

Silicon
Silicon
Silicon
Silicon
CGarmanium
Silicon

0.25 Armp 3AG
15 Amp 3AG

80 ph
48 ph
40 ph

Diodes {Cont'dd}

Bagcription

TH3TY4
TN3194
NG

1M3405

1N3605
1N3605
1N3605

IN1329
EN1329
IN1329
N1
TN1329
EN1329

3194
N394
IN3194
N394
S
Replaceable by TN3805

Fusas

Fast Blo
Fast Blo

Inductors

Transistors

Selected from 2N325)
Selected from 2NGE5)
Replaceable by 2N25M
Replaceable by 2N2484
Replacenbls by N2

Replacenbls by 2NZ50]

a7
INZ07

Reploceable by 202484

N2

$/HN Ronge

100.39%
400-up

100-399
400-up
100-39%
40up
100-3%9
400-up

X400-up

i




Parts List — Fype 321A

Tronsistors (Cont'd}

Tektronix
Ckt. No. Part No. Description $/N Range
aes 151-043 2N2207
@194 151063 2N2207
Q199 151071 2M1305
Q313 151-063 2N2207
Q323 151063 2N2207
Q334 151063 22207
Q344 151-063 2N2207
Q443 151063 2N2207
Q453 151-063 2N2207
Q464 151063 2N2207
Q474 151063 2N2207
Q484 *151.108 Reploceable by 2N2501
Q44 *151.108 Replaceable by 2N2501
Q504 151.063 2N2207
Q514 151-083 2N2207
Q519 151-063 2N2207
Q524 *151.126 Replaceable by 2N2484
Q614 151.083 2N2207
Q624 151136 2MN3053
Q434 151-134 2N3053
Q654 *151.087 Selected from 2N1131
Q657 151101 N2137
Q700 151-101 2N2137
Q710 151101 IN2137
Q874 *151.108 Replaceable by 2N2501

Rusistors

Resistors are fixed, composition, =10% unless otherwise indicated.

R2 Use 315913 otk Yew 5%
R14 316335 3.3 meg Yaw X40G-up
R15 3146103 10k Yow

R17 311.345 20k Var LEVEL
R1% 316472 47k Yiow -

R20 315.202 2k Yow 5%
R23 315473 47k Yeow 5%
R24 315.272 2.7k YViw 5%
R25 314681 480 Q2 Yew

R32 323.232 2.55k Yaw , Prec 1%
R33 323-276 732k Yaow Prec 1%
R34 323-333 287k Yow Prec 1%
R35 315.332 33k Yow 5%
RI7 315-433 43k Vaw 5%
R38 315103 10k YVow 5%
R43 323.251 402k Yow Prec 1%
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Ports List — Type JT1A

Resistors {Coni'd)

Tektronix
Cki. MNo. Pt Mo. Description 3/N Range
R46 315183 18k Yiw 5%
R110 316-682 68k Vew
R 59 Wk Var STABILITY
R113 Heé.562 56k Vew
13 314392 39k Y w
Ri33 302821 8200 Yo w
R134 316.102 1k Yow
R135 315903 Wk Yow 5%
B143 315.393 2k VA 5% »
143 315-184 180k Yow LA
Ri44 315393 ¥k A 5%,
R147 314-153 15k Hew
Ri48 315621 G200 Yew L5 A
R151 315102 1k Vaw 5%
R152 34273 7k eow
RIA3 315.330 Ba LAY 5%
R160A J23-486 1.13 meg Vo w Prec 1%
R180C 323.448 453k Yo we Prec 1%
RIGOE 322419 26k Yow Prec 1A
R180G 323.3%0 113k Yo w Prec %
R1404 323352 453k Vo w Prec 1A
RI&OL 323323 226k Vow Prec 1%
R160R 314-223 22k Vow
R1408 316.273 27k Vaw
Ria0T 16473 47 k Yew
RI&0U 3146223 2k Yow
RI&OY 311146 20k Var VARIABLE {Time/Div)
R140Z 34473 47k Yiw
R141 316151 150 2 Yew
R162 316-186 18 meg Yw f
R145 36563 6k Vew .
R1&7 316104 100k Vew
Ri69 36273 ik Vew
Ri74 316483 S8k Yeow
R174 311153 Tk Yar SWEEP LENGTH
RYFF H&103 Wk Yew
RY78 316272 27k Yew
R181 314104 100k Vew
Rig2 318153 15k Vew
R183 316-333 A3k Yiw
R1%0 314103 10k A
R193 314151 1500 Vaw
R194 34223 22k Vew
R196 31433 3300 Ve w
RI97 316333 33k Yew S
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Tekironix
Ckt, No, Part No.
R198 315-243
R199 316-273
R300 Use 322-.365
R301 323-442
R302 315-684
R311 323-348
R312 323286
R314 323-348
R317 316472
R322A
R322/ } 311429
R323 314.392
R324 316-183
R325 315.103
R324 315103
R327 316-472
R328 321377
R333 323.289
R336 323.308
R338 311.328
R343 323-286
R346 323-308
R347 anang
R348 311-461
R410C 323-481
R410E 323-193
R412C 323614
R412E 322.605
R414C 323-611
R414E 323-.610
R416C 323-620
R414E 322-614
R418C 322.610
R418E 323-481
R420 316-470
R422 323-481
R423 314-394
R424 316470
R4Z7 314-103
R432 tise 311.387
R434 323-329
R435 301-514
R436 323.221
R437 322-298
R443 314-482
R453 316682

®1

24k
7k
819k
392k
680k
412k

931k
2k
47k

100 k
10k

39k
18k
10k
10k
47k

481 0
10k
158k
1k
931k

158k
162Q
2500

1 meg
1k

990 k
101k

Nk
800 k

250k
500 k
1 meg
47 k

1 meg

390k
47 ¢
0k
5k
261k

510k
196k
124k
68k
68k

Resistors (Cont'd}

Bescription

YVew
Yew
1/4 W
Vaw
Yaw
Yo w

Yar

Yaw

Yaw
Yo w

VERMIER

HORIZONTAL POSITION

COARSE

Var

Var

Yaw
Yaw

Yaw

Yaw

Yow

Yaw

Vi w

Yar

Prec
Prec

Prec

Prec
Prec

Prec
Prec
Prec

Prec

Prec
Prec

Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prac
Prec

Prac

Prec

Prec
Prec

Paris List — Type 321A

$/N Range

5%
5%

1%
1%
1%
HORIZ GAIN
1%

1%

1%

MAG GAIN
1%
1%

1%
1%
1%
1%
1%

X1130-up
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Parts List—Type 321A

Telktronix
Ckt, No, Part Mo.
R454 315223
R455 311.348
R457 A15.220%
R4&2 315.392
R464 321109
LRSS *311.477
R448 J1T-258
R47Z 315.392
R476 323284
R478 323784
R479 32370
R482 3333
RA83 AX3.397
k484 33an
R489 323221
R492 333233
R494 32323
R502 323245
R504 JNA07
R505 321.081
R504 315151
REO% 323144
R511 323146
R512 323245
R516 323140
R5Y7 323223
R519 323200
RS20 32138
RE21 321318
k522 321333
R522 321331
R523 331204
R524 314322
R525 3146682
R&OZ 311-344
R&10 08975
E&Y2 302-682
R&627 315.241
R&24 316102
k&31 315112
R&35 308.012
Rédd 314470
RE50 323202
R&51 311.380
B&32 323204
Rawd 308110
R&93 308174
R&94 204481
R&95 323143

7-22

22k

2 x 2k

22k
39k
1330
7800

Wen
39k

887k
8.87 k
196k

2481k

.49 k
196k
2.61 k

249k
348k
127
810
1500

324 &
340
348k
453
205k
118k

W9k
20k
87k
W4k
13k
22k

58k
000
0o
48k
2400
Tk

ik
400
47
124k
5000

13k
jliage
Hnra
680 02
487 Q2

Resistors [Cont'd]

Description

Yw
02w
Vow
ow
Vo w

Yar

Var

Var

Ve

Var

Prec
W

Prec
Prec
Prac

Prec
Prec
Prac
Prec
Prec

Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec
Prec
Prec

Prec
Frec
Prec
Prec
Pre

W
WW

Prac
WO

Prec
WW
WW

Prec

§/MN Range

5%
VERTICAL POISITION
5%
3%
1%
VARIABLE

VERT GAIN
5%
1%
1%
1%

1 100.399
1% 400-up i
1% KdD0-up

SCALE [LLUM
5%

5%

X171-up

5%
5%

1%
w0y AL
1%

3%

3%

1%




Tekironix
Ckt. No Part No.
R6%6 323143
R&57 323-204
R&99 302-101
R700 316-331
R701 302-100
R707 316-223
R714 302-104
R718 316105
R719 316-472
R720 302-105
R731 3146101
R731 315221
R735 316471
R737 316-560
R739 316-3%0
R73% 315-330
R751 316-470
R753 316-331
R754 316220
R754 315921
R757 316-101
R757 3150181.08
R758 316100
R841 301.225
R842 311-34%
R843 301-424
k844 311451
R844 311-058%-0C
RB48 301156
R849 301.184
Rr851 316105
R854 302.105
RB861 311157
RB44 311347
RB71 316.104
R874 316-151
R8sl 314222
RE82 323.272
R884 311323
R886 321169
R887 314274
R888 321067
Unwired Wired
SW?2 260-449
5W8 260-449
SW15 260-447
SW17 260296 *2862.662

©

487 2
1.3k
100 2
3300
10Q

100 k
1 meg
47k
1 meg
1000
200

4700
560
KRV
330
47
3300

2200
1202
1000
180 Q
100
2.2 meg

2meg
420k
500 k
250k
15 meg
18 meg

1 meg
1 meg
100k
100k
100k
150 @

22k
6.65k
1.5k
562 ¢
70k
487 0

Slide
Stide
Slide
Rotary

Resistors {Cont'd}

Description

faw

Yaw

Switches

INT-EXT
AC.DC
SLOPE

AUTQ (Level)

Yar

Var
Var

Var
Yar

Var

Paris List — Type 321A

S/N Runge
Prec 1%
Prec 1%
100-399
59 400-up
100.399
5%, 400-up
100-399
5%, 400-up
100-399
5%, 400-up
X400-up
5%
FOCUS
5% 100-1999X
INTENSITY 100-1999
INTENSITY 2000-up
5%
5%
GEOM ADI
ASTIGMATISM
Prec 1%
WW CAL AMPL
Prec 1%
Prec 1%
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Prirts Bist o Type J2TA

Swdtches [Cont'd)

Tekironix
kb Mo, Part No. Description $/N Range
Unwired  Wired
SW168 TIME/DIV
SW348 ; 280374 *282.660 Rotary X 5 giAG .
SW4lT 260.448 Slida ACDC.GND
SWA4I0 260625 2676461 Ratary VOLTS/BIY
SWé 280,617 Ratary POWER
AWEE2 280-450 Slide CHARGER
TKaN 280811 Thermal Cutout 155°F 8°F
Transformers
T80 #1O0-152 Power
T701 *120.210 Converter
Eloctron Tubes
V423 Use®1 54030402 7586, Aged
V859 *154.433 TR Ot Standord Phosphor
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IMPORTANT

All circuit voltages were obtained with a 20,000 £2/v VOM.

All readings are in volts.

Actual photagraphs of waveforms are shown.

Voltage and waveform measurements may vary due to normal com-
ponent tolerances. Measurements were obtained by setting up the Type
321A for the following general conditions:

AC line voltage

POWER

Charger switch
FOCUS
ASTIGMATISM
INTENSITY

TIME/DIV

VARIABLE (TIME/DIV)
5X MAG knob

TRIGGERING
INT-EXT
AC-DC
SLOPE

VARIABLE (VOLTS/DIV)
AC-DC-GND

Design center
{(115v or 230v)

ON EXT
DRY CELLS
Midrange
Midrange
Midrange

.2 MILLI SEC
CALIB
Pushed in

INT
AC

o

CALIB
GND

Refer to the schematic diagram of the circuit being checked to find the
remaining conditions under which voltage and waveform measure-

ments were obtained.
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VERTICAL AMPLIFIER & CALIBRATOR

Gutescent VOLTAGE READINGS were obtained with controls set as fol-
fovws:

YOLTS/DIV 1

VERTICAL POSITION cew {upper readings)
cw {lower readings)

WAVEFORMS were obtoined with controls set as follows:

VERTICAL POSITION Midrangs
VOLTS/DIV CAL 4 DIV

Also, see IMPORTANT note on Block diagram.



VERT. AMP. & CALIBRATOR
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TIME-BASE TRIGGER

VOLTAGE & WAVEFORM dynomic measurements were obtained with
controls set os follows:

- TRIGGERING LEVEL AUTO
; VOLTS/DIV CAL 4 DIV

Also, see IMPORTANT note on Block diagram.




TIME BASE TRIGGER
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TIME-BASE GENERATOR

Quiescent VOLTAGE READINGS were obtained with controls set as fol-

lows:
VOLTS/DIV CAL 4 DIV
TRIGGERING LEVEL 30° cw from AUTO

(sweep not triggered)

WAVEFORMS were obtained with controls set as follows:

VOLTS/DIV CAL 4 DIV
TRIGGERING LEVEL AUTO

Also, see IMPORTANT note on Block dingram.
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TIME /DIV. SWITCH
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HORIZONTAL AMPLIFIER

Quuiescent VOLTAGE READINGS were obtained with confrols set as fol-

lows:
YOLTS/DIV CAL 4 DIv
r TRIGGERING LEVEL 30° cw from AUTQ
: {sweep not triggered)
HORIZONTAL POSITION cew {upper readings)

ew {lower readings)

WAVEFORMS were obtained with controls set as follows:

.

VOLTS/DIV CAL 4 DIV
TRIGGERING LEVEL AUTO
HORIZONTAL POSITION Midrange

Also, see IMPORTANT note on Block diagram.
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REGULATOR

VOLTAGE READINGS were token with YVOM negative lead connected
to COMMON NEGATIVE bus.

Also, see IMPORTANT note on Block diogram.



'REGULATOR CIRCUIT
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CONVERTER

WAVEFORMS were token after inserting a 3-to-2 wire line cord adapter
in series with the Type 321A ac power cord to reduce hum modulation,
It hum modulation is not reduced when using an adapter, unplug the
adapter from the line, turn the plug 1807 and reinsert it into the line.

See IMPORTANT note on Block diggram.
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. CRT

oo See IMPORTANT note on Block diagram.
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MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with
latest electronic developments by adding circuit and
component improvements 1o our instruments s soon
as they are developed and tested.

Sometimes, due to printing and shipping require-
ments, we can't get these changes immediately into
printed manuvals. Hence, your manual may contain new
change information on following pages. If it does not,
your manual is correct as printed,



TYFE 321A TENT SN 2890

CHANGE TO:
R410C
RULOE
R412C
R412E
RU1LC
RUILE
R416C
R416E
RL18C
R418E
Rb22

PARTS LIST CORRECTION

323048101
325.0193-01
323.0614=-01
322-1289~-01
323.0611-01
32%.1389-01
323.0620-01
3220614 -01
322-0610-01
323.0481~01
323.0481-01

1Ma
1 kQ
990 k
10.1 k
900 kR
111 kO
800 kf
250 k0
500 kQ
1M
1 M0

1/2 w
/2w
1/2 W
/2w
1/2 w
1/2 W
1/2 w
1/ W
1/h W
1/2 W
1/2 W

1/2%
1/2%
1/2%
1/2%
1/2%
1/2%
1/2%
1/2%
1/2%
1/2%
1/2%

M9682/766



TYFE 3214

CHANGE TO:
2160M

TENT

SN 3030

PARTS LIST CORRECTION

283.0148-00

L70 pF

Cer



TYPE 321A TENT SN 3130

MECHANICAL PARTS LIST CORRECTION

Fage 7-1k, STANDARD ACCESSORIES,
Change REF. NO. 1 to read:
010-0203-00 1 PROBE, package, P6O12

¥11,641/1166




TYPE 321A TENT SN 3290

PARTS LIST CORRECTION

ADD;
D151 152=0185-00 Silicon 6185
R160K 316-0186-00 18 meg /4 w 0%
SCHEMATIC CORRBECTION
R160K is added in parallel with R16QJ.

+1OV -
g}’&i?zi

QID3

DIS0O

PARTIAL
TIME-BASE GENERATOR
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rvee 321A

® 6-MHz BANDWIDTH AT 10 m¥ DI

SMALL SIZE—LIGHT WEIGHT

@

ALL SOLID-STATE DESIGN

LOW POWER CONSUMPTION

AC, DU, OR BATTERY OPERATED

e 2 @

Up TO B-HOURS OPERATION FROM INTERNAL
BATTERIES

® DESIGNED FOR SEVERE ENVIRONMENTS

The Type 321A 5 « high-performomce DC-o-d Mz Oseillo-
scopa, s rugged mechanical and electrical design plus «
choice of power options make it ideal for fisld operotions
raquiring aeourate wavstarm measurements, FET inpuls provide
low drift and fast stobilization time. With internal batteries,
it waighs 7Y pounds; without hatteries, it weighs 14 pounds.

30

VERTICAL
BANDWIDTH--DC to 6 MHz.
RISETIME-58 ns

CALIBRATED DEFLECTIOM FACTOR--10mV/div to 20 S felly,
DU coupled,

IMPUT BC—1 megohm parcileled by approx 35 pF.

HORIZONTAL
CALIBRATED TIME BASE--0.5 ps/div to 05s/div.
X5 MAGNIFIER—Extends time buse fo 0.1 ps/div.
EXTERMAL INPUT-1 V/div, DC to 1 MHz.

CRT

DISPLAY AREA-—4&x 10div. Boch div egual to Vi inch.
ACCELERATING VOLTAGE—4 kV.

PHOSPHOR--F31

OTHER
ANPLHTUDE CALIBRATOR-500-mY squargwave paok fo pe
and internal 40-mV  squarewave peak fo peak af oppr
2 k=,
POWER OPTIONS—10 size D botteries; axtarned DO supply
11.5 10 35V, <700 mA; 115 VAC “+10%, or 230 VAT ==10°
45 1o 800 Hz, 20W.

8 i f
Frogpnn, | R Caha iif?'i}



VERTICAL DEFLECTION

RANDWIDTH
B to & MMz af 3dB down, Lowfreguency 3<dB.down point
with AC coupling is <I2 Mz, extended to <82 Hz when us-
ing the included T0X probe.

RISETIME
« 58 ps.

DEFLECTHONM  FACTOR
10 mVfdiv to 20V /div in 11 colibiofed steps (125 sequencel,
aecyrate  within 3%,  Uncolibrated, continuously  voriable
betwean steps and fo approx 50 V/idiv,

IMPUT RC _
1 megohm within 2%, poralleled by 41 pF within & pF,

MARKIMUM INPUT VOLTAGE
S0V DU 4 peck ACH <500V BP AL

HORIZONTAL DEFLECTION

TIME BASE
0.5 psfdiv 1o 0.5s/div in 19 colibroted steps (125 sequence),
goourate within 3% over center 8 divisions. Uncolibrated,
continuously voriable between steps and to approx 1.5 s/div.

X5 MAGNIFIER
Extencds oll fime bose steps, the fostest to 0.7 ps/div.
Magnified displey accurate within 5% over center 8§ divisions,

EXTERNAL INPUT

input RC 100 kO within 5% paralieled by 25 pF within 5 pF.

TRIGGER
MODES

Avtematic or manual level selection, or frae run. Automalic
operation is usehul above 50 Mz, minimizes rigger adiustment
for signols of different gmplitudes, shopes, and repefition
rafes. With no input, automatic Iriggering occurs af on
approx 50-Mz rate, providing o convenient reference froce.

COUBRLING
AC or DC

SOURCES
Internal or external. External trigger input RC 100k within
0% poralleled by 9 pF within 4 pF.

REQUIREMENTS
0.2div deflection or 1V axternal from DO fo 1 kHz, increcsing
fo T-div deflection or 3V edernal af éMHz, Reguirements
incrense below 1kMz for internsl AC coupled triggering,
and below approx 30 Hz with external AC-coupled triggering.

CRT

TEKTROMIY CBY
5_;»: 10-div display area; soch div is V4 inch. 3-inch tube pro-
Wf_ﬁe:‘s bright trace, ufilizes low heater power. 4.V acceler-
aling potentinl. P31 phosphor normally supplied; P2, F7, or
care ophional without extro charge. Consult your Feld
Engineer, Representative, or Distributor for application in-
ormation and avoilability, Z-oxis input is AC coupled, 8V
S}i? at T kHz gives visible trace modulstion ot normal inten-
siby,

TYPE 3 21 A
GRATICIHE '

External; variable edge lighting when instrument is operated
from AC line. Vertical and horizontal centerlines morked in
5 minor divisions per major Vidinch division,

ENVIRONMENTAL CAPABILITIES

AMABIENT TEMPERATURE
Oparating fwithout batteries) —15%C o 435°C,
{twith botteries installed) Chorge Bange, 0°C to
+40°C; Dischorge Range, —15°C to 40°C
Mon-aperating [without botterdes] —585%C to 75°C,
{with batteries instolled] —40°C 1o 8070

ALTHFLIDE
Operating: 150800 ft mox,
Mon-operoting: 50,000 # max.

VIBRATHOMN
Operating: 15 minvtes along sach of 3 oxes aof G025 in peak
fo peok displecement {4 g's of 55¢fsl, 10 to 55 t0 0ol
i T-minute oyeles.

SHQCK
Cperating: 20 g's. ¥ sine, Yems durstion, Two guillofine.
type shocks per axis each divection for o total of 12 shocks.
MNon-operating: 60 g's, % sine, Tlms duration. One guille-
tine-bype shock per oxis each direction for o total of é shocks.

HUMIDITY
Non-operating: Maeels elocirical performance spacifications
after exposure to five cycles (120 hours) of MILSHE020,
Mathod 1088 {omit freezing argd vibeotion, and ollow o post
tast drying period of 420°C ond 25% fo BOY relative
humidityl,

OTHER QHARAQTER?STKZS

AMPLITUDE CALIBRATOR
SO0 eV of external wmck: soourate within . 3% throughout op-
erating range. 40 mV applied internally o vertical amplifier
gecurate within 2% throughout operating ronge. <l-us rise-
time; 2kMz 220% repefition rate; 45% fo 55% duty oycle.

POWER OPTIONS

Wired for 115Y BMS 2109, 45 to 800 Hz topped frans
former also allows operation ot 230V 10%,; 20-W maxi-
mum power consumphion for oscilloscope only, 30-W masd-
mum with iaternal batteries under full chorge. Operotes on
external DU supply from 115 to 35V DG draws <800 mA,
Cperates on 10 internol size D bottedes. MG rechargeable
calls provide approx B hours continuous operation, Front
panet light Indicotes when internal batteries are fow, or {using
externol power] when the voltoge source drops too fow for
propar power supply regulation. Recharge requires of leost
16 hours,

BATTERY CHARGER
infernal charger provides two different choarging currents to
the infernal botteries. A frickle charge or o full chorge & op-
plied to the isternal botteries when the nstrument is turned
off, but connected to the AT lins.

37




rvre 321,

DIMENSIONS AND WEIGHTS

Height 8%, in 2232 om
Width A in 14.6 am
Depth 18 In 41.% em
et waight 144 b 45ky
Domestic shipping weight =22 b =00 kg
Export packed weight =233 ih V80 kg

BCLUDED STANDARD ACCESSORIES
PAOTZ 10X probe 010-0203-00); two 18inch BNCio-banuna
plug patch cords [012:0091.00; DC power cord [161-0016-
01 AC power cord {(181-0015.01); 3 o Zowire adopter {103-
0013-00); smoke-gray light filter (378-0547-00); mesh filter,
installed (378-0577-00k two instrichion munuals 070042500

TYPE 321A OSCHLOSCOPE, without batteries ., .. $975

OPTIONAL ACCESSORIES

Optional acesssories increase measurement capobility and
provide added convenience. The standerd 10X probe suppiied
with the instrument satisfles most meosurement requirements;
optional probes may be better suited for particular applica-
Hens, In celdition o the listed optional probes, other probes
are avaioble for current and high-voltage meosurements, See
catalog accessory poges for additional information on these
ared other flems.

C-304A COMPACT CAMERA
$/1.9 lens, magnification variable from 1.5 to 0.7:1, Polaroid
Land® Pack-Film back for 3000-5paed film, order C30AF .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e, B45O

WA to C30A Comera adapter, order 016.0242.00 ... § 15

*Registered Trodemask Poloreid Corparetion

C-30A CAMERA CARRYING CASE
Constructed of heavy-guge, high-impoct plastic, has foam-
backed, vocuurm-dormed styreme liner. Holds C-30A Camers,

all stondard accessovies and exira film.
Oreder 0160124600

CARRYING CABE
Protects Type 3214, provides convenient aooessory storoge

compartment, order 016002600 ... .............. §38
RECHARGEABLE BATTERIES

Beach MNCH cell, order 148001000 L . 0 oo §7

Set of 10 NiCH ecells, arder 8160077.01 ...l 570
PROBES

PEOGT 100X Probe Pockage, order 010015000 ... . ... $2¢

P& 1X Miniature-Probe Packoge, order 010019300 .. §19

115, Sales Prices
Please refer to Terms and

L Beoverton, Qrsgon
nt, Gengral information poge.
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