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Type J21A

SECTION 1
CHARACTERISTICS

introduction

The Tektronix Type 321A s a high-performance, de-fo-d
me, transistorized oscilloscope. Its light weight, smoll size
and abiity o operate from o variety of power seurces make
ir a versatile field and ic*bmu%ﬂ“ nstrument, The oscille-
scope can operate from s internally-contained rechargeable
battery pack, an ax?orrwa? d{: seurea or frem o V157 230-voit
50-800 cycle we line. Regulated power supplies in the instru.
ment, accurafe colibration, and precise linearity assure exact
fime ond amplifude measurements despite normal voltage-
source and power-supply-load changes that ocour under
actual operafing conditions,

Operating temperature range derived from tests indicates
optimum performance and reliability on is self-contained
batteries from §° to +40° C ot alttfudes up 1o 15000 feet.
Temparature rcmr;f* w*’muf batteries when operating from an
externol source is —15° Cto +55° £, Non-operating tem-
perature range is —55° C to 475" O without bafteries
and —4CG" T te -+80° C with botteries of aliitudes to
50,000

For the operotors convenience, o fronk-pangl bottery light
indicates when the internal batterias are low. I external dc
or ac operation is being used instead of the batteries, the
fight turns on if the external voliage source drops too low
for proper power supply regulition,

A d-position power switch on the front ponel permils
convenient selaction of charging rate and/or powsr source.

Vertical Deflection System

De fo b least & me [3-db down) using de cou-
using oc coupling, low-frequency 3.db down paint
typicel from o ke reference.

0T vidiv te 20vidiv in 11 colibroted steps;
hin 3% of frontponel morkings, Con-
v variable from 001 v/div 1o about B0v/div
uncalibroted,

fance—35 pf nomingl paralisied by 1 megohm
83 pf nominal paral iﬁiﬂﬁ by 10 megohms
when using the P800S 10

; sivoge Red ﬂq»»«f:@@ el
i fjc: fmd m:f:zic oo 00 volts {not 1200 velts) p@:ug{»?c,
peak ac

"é’ﬂggermg

or amplitude-level selection wusing pre-

Moda-—Ac-coupled or Deooupled.

s, fram rising slope of frig ggering wavelorm, or
of triggering woveiorm,

minus from negative »,l:w

from verbcal signal, or exte

Signal Requirements——internah 0.2 mojor division vertical
deflection at 1 ke increasing to 1 mojor division af 4 me,

Exterrad: 1 volt peabk-io-peok ot 1 ke increasing to 3 volis
peuﬁr& peosk af dme, Nomingl input impedance: 5 pf
paraileled by 100 kilohms (-t20°%),

Sweep
Type—Miller Integraior,

Sweep Rofes—O3.5 usec/div to 0.5 sec/div in 19 colibrated
steps. Accurare 53 sweep magnifier exrends colibrated
range to 0.1 wsec/div. Colibrated sweep-rate accuracy
is

dn

=3%. Sweep fime odijusioble between steps and to
Bsecfdiv uncalibrated.

Beflection Factor—1 vidy 210% with 53 m:zga*ziﬁa o,

fnput Impedance—30 pf typical porallelad by 100 kilohms
8%,

Amplitude Calibrator
Square Wave—Freguency abour 2 ke,

Amplitude—500 my  pedlcto-peck. Also 40 mv  peak-to-
pacak internally coupled in CAL 4 DIV position of VOLTS/
DIV switch., Peak-io-peck amplitude acouraey is 3%,

Cathode-Ray Tube
Type—Special Tekironix-manufactered 73211, 37 flabface,
post-deflection accelerator. Low heoier power.
Accelerating Fotentiol—4 kv,
Z-Axis Modolation——External terminal permits RC coupling
o ort grid.
Unblanking-—Daflection unblenking.

Phasphar—Type P31 normally furnished; PY, P2, P7, m’:ri
P11 phosphors optional. Qther phosphors furnished on

special order,

Graticule
Huminotion—-Variable sdge lighting when operating from
ac line.

Dispioy Area—Marked In dvertica! and 10-horizontal 47
divisions.

Power Requirements

Source—Operotes from 18 size D foshlight cells, or 10
size D rechorgeahle cells [approxd ma‘eiy 3 hours using

25 ompers-hour cells; approximately 5 hours using 4
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SECTION 3
OPERATING INSTRUCTIONS

General Information

The Type 321A Oscilloscope is an extremely versatile in-
strument, adaptoble to o greot number of applications. How-
ever, to make Full yie of the instrument, it is necessory that
vl understand compleiely the operation of euch front-panel
control. This portion of the manual is intended to provide
you with the basic information vou require. H you oare
familiar with other Tekironix oscilloscopes, you should have
very fittle difficulty in understanding the f:;:*&n:}‘;v:m of
Type 321A. The fuz*ﬁr ion of many controls iy the same s
the fungtion of corresponding controls on other Tekironix
instrumenis. A front-panel view of the Type 321A s shown
in Fig. 31

Intensity Control

The ENT%’N@!W control s used to adjust the trace bright-
ness. This permits odiustment of trace intensity fo suit the
ambient light conditions and changes in intemsity cousad
by charges in the sweep friggering rote {swesp duty oyclel
Clockwise rofotion increases the intensity and counterclock.
wise rotation decreases the infensity.

Focus and Astigmatism Controls

The FOUUS and ASTIGMATISM controls operste in con-
wunetion with each other o allow you o oblain o sharp,
clearly defined spot or trace. To adjust these conirole

oy

. Adjust the INTENSITY conbrol for the most pleasing level,
. Set the ASTIGMATISM confrol to midscale,
Adjust the FOUCUS contral for sharpest detail.

Adjust the ASTIGMATISM control os necessary for best
overall foous.

bW

Graticule Hllumination Control

The graticule used with the Type 321A is accurately

. )

morked with 10 horizontal and & vertical divisions, with 0.2

division markers on the centarlines, These graticule markings

allow you to obtain time and voltage measuremaents from
the osciloscope scresn.

Groticule Hlumingtion s adi
furz*r:'a:,. located just to the right mf Ews o3
Rotafing the confrol clockwise increases the
graticule markings and counterclockwise rolatic
?h@ brightness.

MNOTE

The graticule B iHumingted only when operating
from on oc line. This permits longer operation
when on bolteries,

&

Positioning Controls

Two controls are used with the Type 321A Osciffoscape
o position the trace or spot on the screen.

The HORIZOMTAL POSITION contral moves the trace to
the right when ir s rototed clockwise and to the left when i
i5 rotated counterclockwise, This control has o positioning
range of approximately 15 divisions with the sweep magnitier
o, and approximately 75 divisions with the sweep magnifier
on,

The HORIZONTAL POSITION control 5 g combination
coarsefvernier type of control. Buili-in blocklash babween
its two sections permits 30° of vernier adjustment for a given
coarse setting, F a 30° renge is excesded, the conrse ad-
pskment takes over to provide fast positioning of the trace,

The VERTICAL POSITION control has sulficient range to
pasition the fruce complefely off the top or bottom of the
scresn, of to any intermedioie point. The hoce moves up
when the control s rototed clockwise ond down with the
counterclockwise rotation,

Intensity Modulation

The ot display of the Type 3314 Oscilloscope con be in.
tensity moduloted by an ext erm! signal to disploy additional
information.  This is accomplished by disconnecting the
grounding bar from the CRT GRID comnector at the reor of
the instrument and comnecting the external signal o this
terminal. A negotive signal of approximately 30 volts peak
is required to cut off the beom from moaximum infensity, less
with lower intensity levels. Megative-going signals as low as
5 volts peak will accomplish intensity modelation,

HORIZONTAL DEFLECTION SYSTEM

Horizontal Sweep

The usual oscilloscope display s o graphical presentation
of .zﬁsmnmﬁemm voltoge versus time, Voltoge s represented
bv vertical def! Nfsc;n of the frace Gnd s r.rapresﬁﬁi*ed
by horizontal def n’%g,slm, ;fw spo

tormed by the
known rate, 3o thot any %ﬁ‘l)f‘ék‘i'{)i’\?ﬂ dwwe ar
represents o definite known period of time. The

E:z,/ the defleciion of the spor across the sereer
the harizontal sweep, Since the horizonial d
spol bears a d

he screen
2 trace formed
i known as
tor of the

rship to time, and provides the
g time measurement
> is oiss kagwn as the fims boss.

it refot

ch the spot is deflected across the screen
is aocurately olled by the se *Exm d th ?'SMQJDN con-
fm? T'im :rﬁ%rzq M tha TiM spmings  the

; ‘pd on ‘!‘ze

waovefomm ya” Wit m ohserve,
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CRT CONTROLS

INTENSIT Yol ontrofs brightness of
freice,

brighiness
b npers

ASTIGMATISM—edlsnd o confune
fon with FOUUT 4o ohialn ovem!

[HORIZONTAL CONTROLS

HORIZONTAL POSITION—{oarss-
vernier fype of contrel that pesi-
tions trace hor H

VERTICAL CONTROLS

. POWER—nSwiteh  turns  reguleted
18-volt powsr on and off. Alse,
selects chorging rete

TIMEIDIY and VARIABIEBglashs
rafe wnd axterned horfzontel

3 S

ingsgd.

CENT MORIZ INPFUT-Termine! fae
acrepting external horlrontel sige
e,

TRIGGERING CONTROLS

LEVELBaiaets p
shonal g w

toon friggering

ch sweep it triggerad,

is friggeeed o
frigg g sigrsh

3 P e Faeminel pro-
smuare  wave for
tag probe.

h,

B . PHT-BHT—Selocts elther internal o
far sefting nal triggering slgnal

D5 BAl-—Patant
: A

of Werd

R B T T

wf for sceapting ox-
ternal friss !

ring sigmsl

tossopes frant-puns! contrals.
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Fig. 3-1. Tthe oscilloscope plob instantanssus voltage versus fime,
therehy serving bBoth as o velbmeter and o tmer,

The Time Basa has 1% fxfurm"zy calibrated sweep rotes
ranging from 5 psec/div to Ssec/div. These m%mrmed
sweep rates ars obigined when the VARIABLE {TIME/DIV)
control iz fully dockwise in the CALIR position. The TIME/
DIV switch selects the calibroted sweep rates and can be
rotated 3807 since there are no mechanical stops. The VAR
ABLE coniral permits you fo vary the sweep role continuously
between .5 psec/div and approximately 1.5sec/div. Al
sweep rates obloined with the VARIABLE control in any
pasition other than fully clockwise are uncalibrated.

Sw&mp Magnifier

The eap magnifier allows you o expand any twe-
tiiv‘s?.h p{}r’r on of the disployed wavelorm to the full ten.
division width of the groticule. This is accomplished by first
using the ‘~QEIZQN‘.\ ?Gbl'f O co;'x%* 05 to mave the por-
tion of "i‘* disp fay g center of the
graticule, then ;1 Geing 1}39 i ?v‘ir'f\i; wm%. in the "o’ posi-
tion {pull out the red v’;«RiABL% TIME/ DIV knob; see Fig.
3-3L Any poriion of the disploy magnified by the horizontsl
sweep can then be observed by rotufing the HORIZONTAL
POSITION contral

In magnified sweep operation, the sweep rote indicored
by the position of the TIME/DIV switch mug
5 o 0%"1\3."1 the actugl time required for the
one divsion. For example, if the TIME/FDIV switch i
. the actual time per mu slon s 5 miflisec
,or 1 millisecond per division. The actug
ust be used for oll time measy

External Horizontal input

For spacial applications you can deflect the trac
zontaily with some exdernally derived wavelorm ra
by means of the internal sw ep sowtooth. This a!:ows you
to wse the cscifloscope to plot one funciion versus onother,

To use the external horizoatal input, connect the @ !
derived WaVE form to the EXT HORIZ INPUT f“f:nrmf;ir;f and
pigce the itch in the EXT position. The h
zontal deflection factor is approximately 1 volt/division with
the 5 MAG on.

ri-

TIME DY
VARIARLE Unmagnified Waoveform
¥ MAG
OFF
IME/ DY |
VARIABLE ’
3w MAG
S {pull}

Magnified Wovelorm

Fig. 3-3. Operotion of the sweep mognifier,

Sweep Triggering

The oscilloscope disploy is formed by the repetitive sweep
of the spot across the pscliinscope swreen, If the sweeps ars
aliowed to ccocur af rundom, or a rote unreloted fo the input
wavetform, the displayed waoveform will be traced out at o
different point on the screen with sach sweep. This will
either cause the waveform o drift across the screen or to be
indistinguishable.

In most coses it i3 desirable for repetitive waveforms to
osppear stationary on the oscilloscope screen so that the
characteristics of the waveform con be exgmined in detail
As o necessury condition for this type of dispiay, the start
of the sweep must bear o definite, fixed-time relgtionship fo
the observed waveform, This means that each sweep must
start af the same Hme, relative 1o some point on the observed
waveform, In the Type 3214, this is accomplished by stork
ing or friggering the sweep with the "‘itsrniﬁveﬁi wavetorm, or
with another woveform bearing o definite Hime rel lationshi o
to the disploved waveform,

The waveform used to start the hovizontol sweep is called
a triggering signal” bwhether it is the waveform being ob-
served, or some other waveform], The following instructions
Fell vou how to select the triggering signal source.

Selecting the Triggering Source

in ;}z'(z@ﬂréﬁg the Type 3214 Oscilioscope for triggered
Dpea‘mmn :35 ha swoap, i% Ef 'Fé!:;i necessary fo se ;

for %‘w p{‘s.?ms!cr ap pirah . T*m SwWasp can br—« fm ger :;':i
by the disployed wavelorm, or c an externally d@ ved
wavetorm, Thsﬂ selection is made by the setting of the INT-
EXT switch {see Fig. 3-4) F’sah fype of triggering hos cerfain
advantages for same upplications.

Tm;qmm; from the disploved woveform s the methad
H {Jl yed wavelorm s s
whien NT EXT switch 15 in the INT position, Interno!
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Fig, 3-5. Effects on the oscilloscops disploy produced by 4 ond — settings of the S10OPE pnd LEVEL rorstrols,
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NOTE

To moke the deflection factor equal o that indic
coted by the VOLTE/DIV switech, set the VARIABLE
control to the CALIB detent position,

De Balunce Adjustment

The need for adjustment of the DC BAL rontrol is indi-
catad by o vertical shift in the position of the frace as the
VARIABLE (VOLTS/DIV] eontrel s rotated. This adjustment
should be made as follows:

1. Set the AC-DC-GND switeh to GND.
2. Set the pscilloscope contrals for o freerunning trace.

3. Rotate the VARIABLE (VOLTS/DIV] control bhack and forth,
ond adiust the DC BAL confrol simultanecusly entil the
trace position s no longer offected by rotation of the
VARIABLE control.

Input Signal Connections

Cerinin precavtions must be observed when you are con-
necting the oscilloscope to an input signal source. This is
to insure thot accurate informotion is obtoined from the
oscilloscope display.  This is porticularly frue when you
are observing low-level signals, or woveforms containing
high- or extremely low-frequency components. For applica.
tions where vou are observing low-level signals, shiglded
cobles should be used whenever possible, with the shield
connected to the chassis of both the oscilloscope ond the
signal source. Unshislded input leads are generally unsatis-
fuctory due to their fendency to pick up stary signals which
praduce erronecus oscilloscope displays. Regardiess of the
sype of input used, the leads should be kept as short o3
possible,

Distortion of the input woveferm may result if

1. Very low-frequency input signals are accoupled to the
oscilloscape.

2. Migh-frequency waveforms are not properly terminoted

3. The input waveform contains high-requency components
which exceed the bandpass of the osclilossope.

You must be aware of the limiotions of the instrument.

in anolyzing the disployed wavelorm, you must consider
the loading effect of the oscillpscope on the input signol
source, In most cases this loading effect s negligible; how-
sver, in some applications looding caused by the oscilloscope
may materially alter the results obtained. In such coses you
may wish to reduce the omeunt of loading to o negligible
amount through the use of ¢ probe.

Use of Probes

Occasionally connecting the inpwt of an oscilloscope to
4 signal source loods the source sulficiently to odversely
affect both the operation of the source and the wavelorm
disployed on the oscilioscope. In such coses an aftenuator

oy

Dperating  Instructions — Typs 3214

probe may be used to decrease both the capacitive and rasis
five looding caused by the oscilloscope o o negligible value

In addition to providing isolation of the oscilloscope fram
the signal source, on aHtenuctor probe also decreases the
amplitude of the displaved waveform by the offenuvation
factor of the probe. Use of the probe allows you to incrense
the vertical-deflection factors of the pscilloscope to cbserve
large-amplitude signols beyond the normal limits of the
ascilloscope. Signal amplitudes, however, myst be limited to
the maximum allowoble value of the probe used. When
making amplitede meosurements with an attenvatar probe,
be sure to multiply the chserved amplitude by the atfenuva-
tion of the probe.

i the woveform being disployed has rapidly rising or
falting voltages, it i generolly necessary to clip the probe
grovnd lead 1o the chossis of the eguipment being tested.
Select @ ground point near the point of meosuremeant, as
shawn in Fig. 3-8,

Fig, 3-&, Cannegling o probe te the tnpuf signal source.

Before using'a orobe you must chack {ond adjust if noces
sary} the compensation of the probe to prevent distortion of
the applied woveform. The probe is compensated by adjust-
ing the control located in the body of the probe. Adjustment
of the probe compensates for varigtions in input capacilance
fram ong instrument to ancther, To insure the aeeuracy of
pulse and tronsient measyramants, this adistment should be
checked frequently.

To adjust the probe compensation, set the YOLTS/DIV con-
rol to the 01 position and the LEVEL contral 1o the AUTO
position. Set the SLOPE switch to -+ and the INT-EXT switch
to (NT. Connect the probe tip 1o the CTAL QUT 500 MV con-
nactor. Set the TIME/DIV switch to .5 MILLL SEC and adjust
the probe to obtain Aol tops on the displaved square wave-
farm (see Fig. 3.7

3-7
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\

Probe Avenuation Facter i

Vertica! Debleetion T Yalts, peak-to-peak

Y } VOLTS /DI Swich Seiting

Fig. 3-8. Measuring the peck.fo-pesk ac volinge of an upplied wovelform,

to o convenient point on the oscilloscope screen. This
point will depend on the polarity and emplitude of the in-
put signal, but should always be chosen so thot the trace
lies along one of the major divisions of the grofic
The groticule division corresponding to the positian of
the trace is the voltoge refersnce line and alf walloge
maosurements must be made with respact o this line
(Do net adjust the VERTICAL POSITION controt ofier the
reference line hus been established}

most common type. The some genersl method may be used
o measurs voltage with respect to any other potential, how.
ever, 30 long as that potential is used to sstablish the rel-
arence line

=

To oblyin an intantaneous veltage measurement with res
pect to ground, or same other voltage, perform the following
staps [ses Fig, 3%

1. To establish o ground reference line, set the AC.DE-
GND switch 10 GND. OGr, to estoblish o reference line 2. I ground reference was estabiished, set the ACDC-GRND

which represents a vollage other thon ground, touch the
probe fp fo the voliuge and leove the AC-DCGMND
switeh ot DO Then adjust the ascilloscope contrels 1o
abtoin g free-running sweep, Vertically position the troce

switch to DO it o reference ling other than ground was
established, remove the probe tip from this voltoge and
cotnect It 1o the signal source. Adjust the LEVEL conirol
for o stable display,

i

Pre-established
¢ reference line
[ fusually groumd}

ingtantonedys

Probe Atfsnuation Fugtor

VOLTS DIV Switch Setting

__ Voltoge With
~  Respaect Yo
Refarenca Volloge

bt Vertical Deflection
From Raeferente line

Fig. 3-%. Meosuring the Inskintenecus voltage with respect fo ground {or some other reference veltage!.
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For expmple, assume the TIME/DIV switch setting & )
RAILLE SEC, the magnitier is on, and you measure o horizonted
distance of 5 division belween svenfs. In this example, then,
5 divisions multiplied by 1 millisecond per di
you an apparent Hime interval of 5 milliseconds. The ap-
parent Hme divided by 5 then gives vou the oolual HEme
interval of 1 millisacond,

n o gives

Operating Instructions — Type 321A

Frequency Measurements

The frequency of a periedically recurrent waveform can
be determined if the sme interval {period] of one complets
cvele of the woveform is known, This time interval can he
maasyred by means of the the procedure described in the

preceding paragraph. The frequency of o waveform is the
raciprocal of its Hme interval, e, = 1/1

3-11



SECTION 4
CIRCUIT DESCRIPTION

Block Dingram

The block diogrem in Section 7 of this manual shows the
main sections of the Type 321A Qscilloscope. Wavetorms to
be displayed are connscted to the Verfical Amplifier INPUT
termingl, located on the front ponel of the instrument. Large
signals are attenuated the desived amount {up to 2000 timas)
in the oftenuator networks, The sigaal s then amplified in
the Verticn! Ampitfier and fed push-pull to the vertical de-
Hection plates of the ort,

A triggerpickof! crauit in the Verticol Amplifier opplles
a sample of the input signal to the Time-Base Trigger cireuit,
This sample signal is instrumental in starting the horizontal
sweep. An axtarnal & zq-ﬁ%rmg gnal connected to the Trig-
gering INPUT terminal moy also be used for this purpose,

Sigaals of widely varying shopes and amplitudes may be
mpngxé.ﬂé t6 the Time-Base Trigger circuit. Thix circuit in tum
produces caﬁs;*f:n;tampié%mié output pulses which ore used
to stary the horizonial sweep of the proper fime o isure
o stable display of the verical-input waveform,

The output pulses from the Time-Base Trigger circult are
appiied fo the Time-Base Gensrator to initiate the sawtaoth
horizontalsweep  waveform.  The sowtcoth waveform is
then amplified in the Horizortal Amplifier and applied push-
pull fo the horizontal deflection plates of the orf, For XY
applications of the nstrument an ﬁx‘tm‘ncziiy»gﬁzrmrmarj signal
can be GJF}LQK‘E ta the EXT HWORZ INPUT terminol. The
external signol §° ?hrr% amplified by the Horizonial Ampiz*:er
and opr horizontal deflection plotes of the ot

The guin of the Horizontal Amplifier can be increased five
fimes by pulling the (Time Basa] VARIABLE control oubward
to the 520 MAG position,

The Calthretor produces o squ are wave oufput of constant
amphiude which can be use chack the goin of the Veri-
cal Amplifier and compensate the probe. A 40-mv peak-
to-peck square wave, is coupled internally fo the Vertical
Amplifier when the VOLTS/DIV ewitch is ot to the JA
DIy ;Jsm?sct, If the goin of the amplifier is properly adjusted,
this will produce o deflechion of exactly 4 divisions when the
Werfical Amplifier] YARIABLE conirol is set to the CALIB
defent position. A sguare wave having a peck-to-peak am-
plitude of 300 mv is ovoiloble ar the CAL OUT terminal on
the front panel of the instrument: this waveform can be used
to compensate the probe,

L4

The reguluted power supplies in the Type 321A will operate
from o 115w or o 2530w rms oo line, from on extemal de
sauree (1.5 v 1o 35v), or from o “battery pock” consisting
of aither 10 size D flushlight cells or 10 ¥ rechargeable
cells. A b n battery charger charges the “rechorgeable”
cefls wi in’ ingfrument 1§ connecied to on ar source
3{} V

LA

VERTICAL AMPLIFIER
Input Coupling

Input signals to the Vertical Ampiifier can be eitther ac
c»:mrcias:f; ch:--zcm;:ied, or infernally  disconnected.  When

the AC-DC-GND switch SWA01 {see Vertical Amplifisr ciroult
diagram] iz in the DO position, nput signels ore directly
coupled fo the VOLTS/DIV switch, In the AC pasttion input
signals are coupled through o blocking capacitor C401. In
the OGND position the signal path is opened ond the oput
cirewit is grounded.

Input Cireuit

The Vertical Amplifier requires on input signal of 003
volt, peak-to-peak, to prodece 1 division of colibrated de-
Hlaction on the et To satisfy this condition, vet make the
instrument applicoble o o wide range of inpwt volioges,
a precision aftenvation network s incorporated into the
vertical deflection system.

Whan the VOLTS/DIV switch [SWAIDL is in the 91 posi.
fion, the signal is coupled “straight %wr’mgi T fwithout atten-
vation) te the grid of V423, For a%i a‘jms; saftings of the
YOLTS/DWY switch {sxcept {Zi‘ﬁé 4 DY) the Artenuctors are
swilched into the input cireuit @nlwr singly or in tandem
pairs, so thot the input signal vo,fage to the Vertical Am.
plifier is alwoys 0.01 velts for each division of o deflection
when the VARIABLE knob is in the CALIB detent position.

The Atenuators are frequency-compensated voliage divi-
ders, For de ond low-frequency signals they are resistance
dividers, and the degree of attenvation is determined by the
resistance values. The impedance of the cupacitors, af de
and low frequencies, is so high thar their effect in the circuif
is negligible. As the ixewam” of the mpu‘ signals increasas,
however, the m,g{ed{:nm of the capocitors decreqses and
their effect in the circuit becomes more pronounced,  For
high-frequency  signals the impedance of the copacitors
is 50 low, compored to the resistance in the cirault, that the
Attenuators become capacitive xea*‘%an o divitlers,

In addition to providing the proper degree of attenuation,
the resistunce values in the Alfervators are chosen io provide
fi'?éﬁ sarm# input resistance {1 magohm] regordiess of the setting

Fihe VOLTS/DIV switch. Moreover, the variable capaciter
of the input o each network pcm;dns o means for adjusting
the input time constant so that it is the same value {hominally
35pf X1 meg) for all settings of the switch,

Input Cathode Follower

A nuvistor, V423, 15 used os o cothodefollower input
stage. This stage presents o sigh-mpedonce, low-capc-
fonce load to the input circult ond isolates the input cireult
from the main amplifier. R422 s the 1-megohm input re-
sistor,  This resistor becomes o port of sach abenvation
network when the VOLTS/DIV switch is turned oway from
the .01 position. R423, bypossed hy C423, prevenis the
grid of V423 from drawing excessive current fin the event
the stoge is ov erdriven) when de input coupling s used.
R424 s o porositic suppressor.
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brotor Q35/Q45 s a bistable Schmitt Cirosit, M is forced
from one of its stable states info the other by the trigger
ing signal applied to the base of Q35 I the first stable
state {rendy to receive o sigeal} Q35 is cut off and i col-
lector voltage is up (near gr@mci) This holds up the
base of Q45, since the twa circuits ore de-coupled, and G145
canducts, With Q45 conducting ifs collector volfoge it downy
hence no outpyt fs being produced.

A positive-geing signal is required ot the bose of G35
to foree the multivibrator inte Bs second stable state fo
pwdune the positive step ot the collactor of (345, Howaver,
since the signal ot the bose of Q35 is an amplification of
the 1 :‘uqqmmg signal, i contains both positive- and nega-
tive-going portions,

The pasitive-going pertion of the triggering signal will
drive the bose of Q35 In the positive direction. When the
base voltage is just out of cuteff, Q35 starts conducting
and its emitter voltoge will rse, following the base. This
pulls up the emitter of (45, since the two emitters are
strapped  together,

At the same time the collector voltage of Q35 starts to
drop, mrryiﬁg with it the buose voltoge of (045, With the
base of Q45 down and its emitter up, 045 cuts off. As (345
cuts off its collector voliage rises, creating o positive step
of the output, This transition occurs very rapialy, regordless
of how slowly the base sigral of G35 may rise.

When the signal ot the base of Q35 starts in the negative
direction fust the opposite choin of avents occurs, G35 culs
off and its collector voltage rises. This pulls the bose of Q45
out of cutolf and Q45 conducts. As Q45 conducts ifs col-
lector voltage drops; this completes the positive step-voltage
output from the Trigger Muitivibratror circult,

Trigger-Input Amplifier

Although the output of the Trigger Multivibiretor 15 always
o positive step votlags, the stort of the *ﬂeg} may be initiated
by sither the rising {positive- rgomg} wr falling {ns=gu g r;t:wng}
psr‘rm of the triggering signal. The omplified miggering sig
nal is always taken from the collector of G124, but the base
of either transistor {14 or Q24) con be connected to the
input circuit. When the SLOPE switch SW15 is in the + posi-
tion the bose of Q14 is connected to the input circult ond the
base of (24 i conneded fo o bins sourcs adivsable by
means of the LEVEL control. With this configuration Q14/
Q24 is a differential amplifier ond the signal at the callector
of Q324 is in phose with the signal at the base of (4. A
positive-going signal ot the input will therefore produce a
positive-going signal af the base of Q35 and, as axplained
previously, this is the action thot inltictes the sweep. The
sweep will therefore start on the positive slope [rising por-
‘*cm} ')i“ the triggering signal when the S3LOPE switch is in
the - position,

When it is desired to irigger the sweep on the falling or
negative-going porion of the triggering sipnal, the signal ot
the hase of Q35 must be opposite in palarity to the signal
at the input cireuit. This is accomplished by ploding the
SLOPE switeh in the — position. With this arrangament the
base of (324 is connecied to the inpui cireuit and the base of
G4 is connected o the bius source. The configuration is
still a differential omplifier and goin is the same as belars,
but the output signal B now opposite in polarity to the base
signal.

Operating Instructions — Type 3214

Triggering Level

The seting of the {Triggering} LEVEL control determines
tha point (instantaneous voltogel on the triggering signal
ot which the sweep is storted. This s accomplished as fol
lows:

The guisscent state of the Trigger-Input Amplifier is such
that the coliector volloge of G24 is about in the center of
the hysteresis of the multivibrator, An adiusiment of the
LEVEL control will vary the bigs on the fronsistar o which
it is connected. This in furn will vary the de level ot the
coliactor of Q24 to within the hysteresis ronge of the multivi-
brator, By adjusting the LEVEL control, the operator con
select the point on the waveform ot which he wishes ro wig-
ger the sweep,

Avtomatic Triggering

The sweep con be iriggered outomatically, instead of
monually, by tyrning the LEVEL control full left to the AUTO
position, the AUTO position SW17 is opened, which
alters the circult configuration ar follows: {a} the switch end
of R38 is disconnected from the —10-volt decoupled supply
to pravide faedback from the collector of Q45 to #s base; {b)
the LEVEL control R17 s disconnected from the circult: ond
[c} all triggering-input signals are ac-coupled through C8
regardless of the serting of the AC.DC switch.

In the automatic [AUTO} triggering mode, the Trigger
Multivibrator is converfed from o bisable mr&ﬁgmm’rmn ta
a recurrent (free-rynning] configuration, {This is not to be
confused with FREE RUN position of the LEVEL control in
the latter position the Time-Base Generator free runs)

The charging ond discharging action of €30, fed to the
hase of Q45 ond driving 31, sets the Trigger Multivibrator
recurrent rate ab about 50 eps when no signal or low-am-
plitude signal is opplied to the base of Q35 When a signal
of sufficient amplitude to overcome the hysteresis of Q35 is
applied, then the repetition wote of the applied signal i
it i35 higher than 50 cps} takes over and controls the switch.
ing rate of the multivibrator cirouit,

Assume no signa! is applied to the buse of Q35 for exam.
ple. Also, assume that Q35 has just turned off and €45 hag
wined on, Under these conditions, for the first half cycle
iduration is about 10 msec), C30 is charging to the voliage
set by dividar R33, R34, and the collector of Q45 As €30
charges, it is driving Q45 base toword cut off, Q35 emitter,
through direct c:m;}ling to the emitter of Q45 is moving in
a direchion which will eventually turn Q35 on; the base of
Q35 meanwhile is set at o fixed level by Q24 collactor.
After about 10-msec chorging time, T30 cuts off 045 and
235 turns on.

Mow, for the next half eycle C30 is dischorging taward
the voltage set by divider resistors R32, R43, B33, and R34,
As C3 i discharging, €30 is driving 45 mward ity forward
bias point. After uhout 10 msec discharging time, C30 dis.
charges sufficiently to drive Q45 inte conduction and O35
cuts off. This completes one cycle of the 50-cps output of
the multivibrater,

As mentionad earlier, when o signal of sulficient ampli-
tude is opplied to the bose of Q35 and the repetition rate
of the signal is higher than 5Ceps, the signal drives the

4-3
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During the troce porfion of the sweep sowtooth the Hold-
OfF Capacitors CI80-CI81 charge through Q183 a5 o result
of the drop in voliage of the emitier of Q183. This pulls the
base of QI35 negoative until 135 cuts off. As explained
previously, this is the achion thol initotes the retrace.

At the start of the retrace C180 and CIBT stort discharg-
ing thorugh RIBI. The time-canstant of this circult I such
that duri"‘\c} the refrace, and for o short pericd after the
compietion of the ratrace, the base of Q135 & held for
encugh below cutoff that positive triggers cannot switch the
Sweep-Gating Multivibrator, When the Hold-OH Capasitors
have discharge to a predetermined volioge (established by
the sething of the STABRITY contrel) the affect of the hold-
off is removed, This refums the bum'ee»pm(fucztzrggj Multivibrator
to #s quiescent state in which it con be triggered by the
next positive tigger to arrive of the base of Q135

Stability Control

The STABILITY contral R111 regulsies the do level ot the
bose of QI35 within the hysteresis of the Sweep-Gating
Muttivibrator, When this control is properly adjusted, the
bose of Q135 s held jusi negative enough Mu* Q135 is back-
biased and nonconducting; this prevents the circuit from free
sunning. The boase val?c:g;e must be SL}“’ILif'.’f”‘f‘I';:’ close to zut-
off so that positive triggers con pull Q135 out of cutoff and
force the multivibrator inte s other stole o inifate the
sweep.

During the frace portion of the sweep sowlooth, when the
Hold-OF Copacitors ore charging, the emibter of Q183 s
forcad negative. When the emitier of Q183 is more negative
than the arm of the STABILITY control diede D117 is back
biosed; this disconnects the STABILITY conmirel fram the
Multivibroter circuit,

During the retroce portion of the sweep sowiooth the
Hold-QH Capacitors discharge. Whan the vollage af the
emitter of (1183 rises to the voltage ot the arm of the STA.
BEITY conirol dinde D111 conducts and clomps the Hold
(fF Circuit ot this voltoge, With the base of Q135 clomped
in this manner, a sweep <an only be produced when o
positive trgger pulls Q135 oul of cutoff.

However, should o fres-running trace be desived, the
{Triggering} LEVEL contrel con be turned full right to the
FREE RUM position. This opens switch SW17 and forces the
arm of the %TAB ILITY control to ground potential, This per-

mifs the boase of Q135 to rise o cutofl immediately upan
removal of the hoid-ol woltage, ot which paint the next
sweep it injtioted,

Unblanking

The ot in the Ty@t’ I2NA cordaing o second set of W";rs
zantgl d ﬂgc%xm pﬂ{‘*" {;:nm cS and 10; see diagran
Crt Cireutt), Pin 10 i35 connec ta 10 volts, pin &
nected ‘o the L§r1;3§czrz!<ng Amp litier (shown on ﬁ%
Hoase Generotor diogrom) In the mterval betwe
§ : about —20 wolts; tha ¢
off the screen and is not visibia

Sweep  Gating

When o positive trigger switches ths
Muitivibrator o start o sweep, the negedi
collactor of QI35 is coupled to the bos
vesults in o 30-volt positive gote ot the <o

g gabe at the
aof 194 This
ecior of G194,

firculf Deseription - Type 3214

which in turn s fed to pin & of the ot The 30.vol DQS
tive gote, whose start and duration are coi majt,n }
the start and durption of the sweep, p pulls pin & of th
up to -+ 10 volls, the same as pin 10 This deflects the ot
beam back in e range of visibility for the froce portion
of the sweep sawtooth.

Tramsisior Q199 s connected 03 o load-srabilizer. Q1%
conducis when Q1% s nonconducting. When EZJ 94 con-
ducts, during sweep time, QI9% is noncondusting. This
circuit prevents the switching of Q194 frem changing the
loud on the power supply, and therefore prevents crosstalk
to the Vertical Amplitier,

HORIZONTAL AMPLIFIER

Input Circuit

The Horizontal Amplifier consists of on emitter rfjlis‘:war
input stage Q313 and an emitter-coupled paraphase gmpli
fler Q334/Q344. For all sweep-time seftings of the TIME]

DIV switch, the negotive-guing sweep sawicoth produced
by the Miller Circuit i coupled to the inpyt EF. Q313 vio
the frecg&swcy -compensoied volioge divider R31T1-R312. in
the EXT HORIZ INPUT seiting of the switch, Q313 recaives
s signal from the EXT HORIZ INPUT connector. This sefting
of the switch also produces the following resulis: {1 The
Time-Base Genergtor i3 rendered mcsgmm,we (2} The emitter
of Q1% {Unblanking cireuitl s clomped of ahour +10
volls, thus removing the blanking potential ot pin 6 of' the
ert.

Emitter-follower Q323 bolonces the Horizontal Amplifier
for do potentiols. This stage olso couples the positioning
voltage from the HORIZONTAL POSITION control R321 o
the amplifier cirguin,

Qutput Amplifier

Q334 ond Q344 ore commected o8 an emiter-coupled
paiophose amplifier to provide the push-pull drive for the
horizantol defleciion plates of the ot The setting of the
HORIZ GAIN control RI38 determines the emitfer quewnmf
fion and thus sets the gain of the stage. A second gain
contral RE48 [MAG GA(N} 15 connected in the emiiter girouit
when the VARIABLE timing control is pulled out to clnse
SW348. This action decreases the degenerabion and in-
creasas the gain 5 times to provide 5X sweep magnification.

REGULATOR CIRCLHT

Power Sources

The function of the Regulator cirguit in the Type BElA is
to provide o regulated 10 wvolts do for the conv r-f\,
power supply. aror 15 designad o operaie fro
d 3533?—&{}#(1%;}&& a? ary g}m% from an external 115w ‘a:

W TaTed

Sev or g 230 rms, SC-800

e

To operate from the internal batteries only, the POWER
aich SWEZT s oset to BATT ON. The POWER switch
ts the internal barteries y o the Regulator gir
it vie TREZT and Fe21. TKEZ1 is g thermal cutour switch
that opens i the ambi temperature of the 1 FIA

oo
C‘
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CONVERTER

The regulated W valis cutput of the Regulotor circuit s
apolied to the Converter transisters Q700-Q710.  Beth
transistors are bigsed in the forward direction when power
is applied, but because of slight difference in choracteristics
one will start conducting before the other. Current flowing
in the collector circuit of the conduating transistor will then
induce a vollage into the base windings Perminaly 5, 6,
and 7} of transformer T701. The polarity of the base voit-
ages induced will be such that the conducting fransistor will
vonduct more, ond the nenconducting troasistor will be
driven into cutoff,

The buildup of current in the conduciing trunsistor will
continue until the tronsformer sotwrates. At soivrotion the
induced voltoge in the bose windings will start decaying
and the conducting tronsistor will accordingly conduct fess.
The collapsing field wili then induce voltages of the oppo-
site polarity in the base windings, This will drive the ransis-
tor that hod been conducting inte cutoff, and turn on the
tronsistor that had previously been cut off, The circuir will
then produce a secondary voliage of the opposite polarity.
The repetition rote of the circuit s about 2 ke

The tronsister current, flowing in the primary circuit of
T701, is somewhat frapezoidal in shape; the secondary volt-
age is therefore neorly a squore wove, A fullwave rectifier
with copacitor-input filters provides de oulput voltages of
475, 45, 10, 458, 410, and 45 volts, An addi
tHonal half-woave reclifier circuit provides ~~720 valts for
the crt gun.

[y
LB
e

Cireyit Deseription - Type 3214

An ae signal of approximately 100 vaolts, peokdo-peak,
is coupled from termingl 10 of T7O1 o the Calibrator cir-
cuit shown on the Vertical Ampiifier ond Colibrator dia-
gram), The 100-volt oc signal sguare wove s clipped in
(874 ond divided down fo provide the 50Cmillivelt ex-
ternal signal ovailoble of the CAL OUT 500 MV termingl,
and the 40.millivolt square wave internally coupled to the
Vartical Amplifier in the CAL 4 DIV pasition of the VOLTS/
DY switch,

CRY CIRCUIT

Crt Control Cirguils

The INTENSITY contrel RB44, part of a divider connected
betwesrn 720 volts and ground, varies the ot grid-o-
cathade volioge to reguiate the beam current. The FOCUS
control K842 varies the voltage ab the Tocusing anoade to
set the second cross.over point right af the ot soreen. The
ASTIGMATISM  control RB&4 veries the voltoge o the
astigmatism anede to focus the spot in both dimensions
simultaneoushy. The GEOM ADJ RBA] vories the Held the
heam encounfers as it emerges from the deflection system o
confrol the lnearity ot the exiremes of deflection.

High Voltage Supply

A pentupler, starting with the voltage ot Termingl 14 of
T701, builds vp o potential of 3350 volts for the post-
deflection accelerator in the ort. This provides an accelerat-
ing patential of approximately 4 KV, since the cathode volt-
age is about —&70 volts,
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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 o our instruments s soon
as they are developed and tested.

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



TYPE 321A TENT SN 2890

CHANGE TO:
R410C
RULLOE
Rk120
Ri12E
Rb1uC
Rb14E
Rk16C
R416E
RL18C
R4LEE
Ru22

PARTS LIST CORHECTION

323.0481-01
323.0193-01
323.0614-01
322+1289-01
323-0611-01
323-1389-01
323-0620-01
322.0614-01
322.-0610-01
323048101
323.0481-01

1 M2
1 k2
990 ki
10.1 k&
900 kn
111 kO
800 ko
250 k0
500 kg
1M
1 M0

1/2 w
/2w
1/2 W
1/2 W
1/2 w
1/2 W
1/2 w
1/ W
/b 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



TYPE 3214

CHANGE TO:
2160M

TENT SN 3030

PARTS LIST CORRECTIOR

283=0148-00

L70 pF

Cer

N5
-



TYPE 321A TENT SN 3130

MFECHANICAL PARTS 1IST CORRECTION

Fage 7~-14, STANDARD ACCESSORIES,
Change REF. NO. 1 to read:
010-0203-00 1 PROBE, package, PAO12

¥11,641/1166



TYPE 321A

TENT SN 3290

PARTS LIST CORRECTION

ADD:
D151 152-0185-00 Silicon 6185
R160K 316=0186-00 18 meg /4w 10 %
SCHEMATIC CORRECTION
‘R160K is mdded in parallel with R16QJ,
+10V -
A
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