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GENERAL DESCRIPTION

General Infornation

The Type 10A2 Ducl-Trace Auplificr plug~in unit is part of
& wide-band oscilloscope system desizned for severe environmantal
operation end storage. It contalns two tdentical wvertioal Precup-
lifiers that can be used sinsgly or combined for a variety of messurce-
ments, The Type 10A2 opcratec in the Typz 647 Oscilloscope.

ELLCTRICAL

The following electrical chorocteristics are divided into
general operating characteristics and envirommantal specifica-
tions. All dota epplies to the Type 10A2 as operated in a Type 647
Oscilloscope.
Deflection Factors
Each chennel has eleven calibrated steps from 10 mv/em to 20
volts/cm in a 1, 2, 5 sequence. A variable control with ot
least a 2.5:1 uncalibrated range extends the waximum deflection
factor to 50 volts/cm.
Calibration Accuracy

- Adjustable to 0% at 10 mv/em at the front pancl.

Attenuator Accuracy ‘
£2¢% from -30° C through +55° C.
Risetime
Typically 6.4 nsec, never longer then 7 nsec, lO% to 90% for all
positions of VOLTS/CM switch., 500 signal source impedance with
500 termination at the Type 10AZ2 invut.
Frequency ﬂc:poﬁce
De Lo 50 e, Ac Counled: 2 cpng to 90 nc.
Input Iipodonce
1 noesonn parallclcd by 20 pl.

Tearis 1T e o,
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A-36

Tyoe 10AZ2

Operating iodes

Chammel 1 only, norral or inverted.
Chomnel 2 only, norsal or inverted,
Alternate between channels,

Chopped between chennels ot l-me rate.

Added algebraicelly.

Charmel Isolation

At least €0 db, up to 20 me.

Meaximum Dé—Coupled Common~}tode Signal

50 X the VOLTS/CH switch setting (limited to 600 volts at 20
volts/cm) for linear display operation.

Algebraic Subtraction Common-Modée Rejection Ratio

At least 20:1 throughout instrument bandpass for common-~mode
signals up to 10 cm.

Display Linearity

A l-cm centered signel will not chanze anplitude over %1% when
1oy / ;

-offset to top or bottom of groticule. (Offset voltege externally

applied and POSITION control centered.)

Trace Drift

At 250 C ambient temperature: +typlcally Qmm/hr, not more thanVSmm/hr°
Internal triggering inforwation to the Timing Unit can be selected
from the common output amplifier or from the channel 2 input signal
only. Signal to the Tiwming Unit allows relieble internal trigger-
ing to & fregquency beyond the bandwidth of the Type 647 system.

De Trace Displ&cemenﬁ

Less than +1 cn/20° € from -30° ¢ to 465° C.

Channcl 2 Output Signal
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Front-pancl BNC comnector labeled CH 2 OUT ic o de coupled signol
from channel 2. Output level centerved ot ground,  Oabput sigosl

.
100 nwv/em weloted to crt dismlay.

Gutpout 4

LWVIRCITINTAL

o
0" C to -0

Ac CGain Stability

Display Sisnal +1, 5% £3%
CH 2 OUT Signel L1 Al
3 Db Bandwidth
Display Signal
me nin, __mc min,
CH 2 our : 20 me win, 20 me' win,
Chopped llcde Frequency,
1 Me £10% £15%

Storage -

Thé Type 10A2 Dual-Trace Amplifier cen be stored alone, or in
the Type 647 Oscilloscope at any temperature between -65° C and
+850 C. After storage at either extrowz, the inctrument must be
allowed sufficient time for 21l cowponents to return to the oper-

. . o)
ating embient temperature ranze of -300 C to +65° C.
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MICHANICAL

Construction

Aluninum-alloy chaseis with chrome-plated bross side rails.
Finish
- Photo~etched, anodized aluminum panel.

Dimensions

6 1/l inches high, 4 1/k inches wide, 14 1/k inches deep.
Welght

5 pounds net.

Accessories

2-Instruction lMzpuals Telktronix Part lio. 070-376.
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ABBRE VIATIONS:

cer
comp
emc
emt
gmv
h

k

k

m
ma
meg
mh
mpt

usec
n

nsec

Q

p

pbt

pee

pf

piv

pmc

poly

prec

pt

ptm

sn or S/N
tub

v

var

w

WWwW

ceramic

composition

electrolytic, metal cased
electrolytic, metal tubular
guaranteed minimum value
henry

kilo (103)

kilohm

milli (10-3)

milliamp

megohm

millihenry

metalized, paper tubular
mylar, tubular

millivolt

‘micro (10'6)

microfarad
microhenry
microsecond

nano (10'9)

nano second

ohm

pico (10-12y

paper, "bathtub"
paper covered can
picofarad (upf)
peak inverse voltage
paper, metal cased
polystyrene
precision

paper, tubular
paper, tubular molded
serial number
tubular

working volt, dc
variable

watt

wire wound

SPECIAL NOTES AND SYMBOLS:

x
X000
000X
*000-000

mod w/

B-26

approximate serial number

part first added at this serial number

part removed after this serial number

asterisk preceding Tektronix part number indicates manufactured by or for Tektronix, also
Tektronix reworked or checked components

modify with . Simple replacement is not recommended. Replace with parts listed for later
instruments and also modify the circuit symbol numbers listed after mod w/

10A2 PARTS
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ELECTRICAL PARTS

Values are fixed unless marked Varisble.

Tektronix : 4 : |
Gkt No. - Part No. | Deseription | §/N Ronge
Bulbs
B119 . 150-030  Neon NE 2V
Bl 150-027 " Neon NE 23 ‘ UNCAL
B219 150-030 Neon NE 2V
B2l 150-027 " Neon NE 23 - UNCAL
v Capacitors

Tolerance +20% unless otherwise indicated.
Tolerance of all electrolytic capacitors as follows (with exceptions):

3V - 50V = -10%,+250%
v - oy - opised
cio1l - *#285-634 TE MT : : 600 v
c102 281-558 18 pr  Cer | 500 v
103 281-06) 2-1.5 pf  Tub. Var
C1OLA 281-534 3.3 pf Cer . , %.25 pf
C104B 281-064 .2-1.5 pf = Tub. Var
c1okc 281-081 ©1.8-13 pf  Air Var | 800 v
C10kD 281-592 4.7 pf  Cer | | . £.5 pf
C105A 281-572 . 6.8pf  Cer 500 v 10%,
C105B . 281-027 ' ;7-3,pf' Tub.  Var
cuos¢ 281-027  .7-3pf Twb.  Var
C106A 281-572 6.8 pf. Cer ' 500 v. 10%
Cl06B°  281-027 .7-3 pf  Tub.  Var
C106C ' é81-og7 .7=3 pf - Tub. Var
C1O07A 281-572 : 6.8 pf  Cer o 500 v 10%
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C107B
Cl1o7C
CLOTE
C108A

C108B

c108¢

C1O8E

C109A

C109B’

C10gC

[}

C1O9E

' C110A
C110B

C110C
C110E

Cl11A

- Cl11B -

Cc111C
Cll1lE
Cl12A

- Cl112B

cliieC.

Cl12E
.C113A
C113B

€113C

C113E

B-28

A et

N e” N

Nt Nt e

Vs Na”

281-027

281-027 |

281-512

. 281-503

281-027

281-027
281-519
281-503

 281-027

- 281-071

281-503
281-027

281-069

281-503

281-027

281-072

281-503

281-027

281-073

281-503
281-027

281-07h

Capacitors (Coni'd)

WT-3 pf
+7-3 pf
27 pf

8 pf

+7=3 pf

»7=3 pf
47 pf
. 8 pf

«7-3 pf

.2-1.5p£/100 pf

8 pf

-3 pf

.2-1.5pf/200 pf

8 pr

«T=3 pf

.2-1.5pf/500 pf

8 pf

«T=3 pf

.2-1.5p£/1000 pf

8 pf

.T-3 pf

.2-1.5pf/2000 pf

10A2 ELECTRICAL

Tub.

Tub.

Cer

Cor

Tub.

Tub,

Cer

Cer

Tub.

Mica

Tub.

Mica

Cer

Tub.

“Mica

Cer

Tub.

Mica

Var
Var
500
500
" Var
Var
500 -~
500
Var
Var
500
Var
Var
500
Var
Var
500
Var
Var
500
Var.
" Var

7-21-63

o8

*.5 pf

10%
.5 pf

10%

t,5 pf

10%

.5 pf

+.5 pf

.

.5 pf

10%
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TEK 10A2 HPL

c118 28161k
c1e3 283-079
€130 285-622
C131 283-079
c132 281-519
C13k 283~-081
€159 281-577
€169 . 281.-081
CL76 281-081
€192 - 281-50k
'

- 0193 28150k
€199 290-183
201 *285-63
ce02 281-558
c203 281-06k4
C20LA 281-534
C204B 281-06h
C20ke 281~081
c20kD’ 281-592
C205A 281-572
C2058 281-027
C205C 281-027
C206A 281-572
C206B 281-027
C206C 281-627

7-21-63

Capacitors (Cont'd) .

.0068
Lo
o1

.0

b7

1h
108“13
1.8-13

10

10

1
18

o2=1,5

3.3
2=1.5
1.8-13

b7

6.8

pi
Th
pf

uf

P

pf

pf |

=l

pL

pL

pf

Pt
pt
T
pf

pf

pf
pf
pf
pf

pf

Coer
Cer
I
Cer

Cer

Cer
Cer
Air
Air

Cer

Cer

EMT

Cer

Tub.,

Tub.
Aiz;
Cer

Cer

Tub.
$x1b .

Cer

Tub.,

Tub.

Var

Var

Var

Var

Var-

Var
Var
Var

Var

500
250
100
250

500

500
800
800

500

500
20
600

500

800

500 k

500

106

5%

.25 pf

.5 pf

10%

10%
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C207A
C207B
c207C
C207E

C208A

C208B
c208C
C208E
C209A

C209B

C205C
C209E
C210A
C210B
c210C

C210E

C211A
C211B
ca11c
C211E
C2124

c2l12B
ca212C
C212E
C213A

C213B

B-30

Vs e V” e s

N N N’

281-572

281-027
281-027

281-512

281-503

281.-027
281-027
281-519
281-503

281-027

281-071

281-503

281-027

281-069

281-503
281-027

281-072

+ 281-503

281-027
281-073

281-503

281-027

Capacitors (Cont'd)
6.8 pf

o [=3 pf
+T=3 pf
27 pt

8 pf

«7=3 pf
.7-3 pr
L7 pr
8 pf

o T=3 pf

.2-1,5p£/100 pt

8 pf

«7=3 pf

~ .2-1.5pf/200 pf

8 pf

{
¢.7-3 pf
+2-1.5pf/500 pf

8 pf

.7-3 pf

.2-1,5pf/1000 pf

B

.7-3 pf

10A2 ELECTRICAL

Cer
Tub.
Tub.
Cer

Cer

Tub.
Tub.
Cér
Cer

Tub.

Micas,

Cer

Tub.

Mica

Cer

Tub.

Milca
Cer

Tub.
Mica

Cer

Tub.

Vér ‘

Var

Var

Var

Var

Var

Var

Var

Var

Var

Var

Var

Var

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

500 v

7-21-63

t.5 pf

10%

t.5 pf

10%

.5 pf

.5 pf

10%

.5 pf
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Capacitors (Goun'd)

ceisc ) ,
. 281-07h  .2-1.5pf£/2000 pt  HMica Var 10%

"C213E )

c218 281-614 L0068t Cox ' . 500 v
ce23 283-079. 0L pf Cor 250 v

€230 285-622 o1 uf PIM ' 100 v

co3l " 283-079 .01 pf  Cer . | ‘250 v

co32 281-519 . b7 pr Cer . - 500 v 10%
co3h 263-081 .1 uf  Cer . 25y

€259 | - 281-577 ‘ 1k pf Cer - 500 v 5%
c269 281-081 , 1.8-13 pf Alr Var 800 v
caTL 281-519 L7 pf  Cer A 500 v 10%
ca76 '281-081 1.8-13 pf‘ Air Var ’»800 v o
c281 281-519 ' L7 pf  Cer , ‘500 v 10%
c292 281~50k 10 pf  Cer | 500 v 109
€293 281-504 . 10 pf Cer . 500 v 10%
€299 290-183 1uf BT 20w 10%
c343 283-08k 270 uf  Cer | 1000 v 5%
c3hh 283-080 1,022 uf  Crr 25 v

c348 283-088 L0011 uf Cor 500 v 5%
353 283-08k 270 pf  Cer 1000 v 5%
C354 283-080 .022 pf Cer | 25 v

€366 263-084 270 pf  Cer 1000 v 5%'
C37L | 283-080 022 uf Cer ’ 25 v

382 ~ 283-080 022 uf  Cer 25 v

c387 | 283~08k 270 pf Cer 1000 v 5%

TEK 10A2 HPL 7-21-63 10A2 ELECTRICAL
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€390
‘cusa
ch62
chot

clho8 |

€550

€560

Dl25

D133 ¢

D157
D192

D193

D225

D233
pasT
Dag2

D293

D302
D305
D309
D312
D322

283-080

- 283-081

281-578
283-080
283-080

281-519
281-519

. 152-061

* 152-075

152-141
*152=075
* 152-075

152-061
*152—075
152-141
* 152075

* 152-075

152-065
152-065
152-065
152;065
152-065

152-065
152-065
152-065
* 152-075
* 152-075

10A2 ELECTRICAL

022 ur
oL uf
18 pt

022 puf

022 ut

L7 of
L7 pf

Diodes

Silicon
Tek Spec

Silicon

Tek Spec

Tek Spec

Silicon
Telk Speé
Silicon
Tek Spec

Tek Spec

Silicon
S8ilicon
Silicon
Silicon

Bilicon

Silicon
Silicon
Silicon

Tek Spec
Tek Spec

. Capacitors (Cont'd)

Cer
Cer
Cer
Cerp

Cer

Cer

Cer

6061

1N3605

6061

1N3605

HD500
HD500
HD500
3500
HD500
HD500
HD500

HD500

25 v
25 v

500 v

25 v
25 v

500 v

500 v

7-21-63

5%

o0
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Diodes (Cant'd)

D369 * 152-075 Tek Spec
D387 152-141 Silicon  1M3605
D391 % 152-075 Tek Spec
D392 - 152-065 o sflicun HD500
Inductors
1343 ‘ 276-507 Core, Ferramic Suppressor
1353 276;507 Core, Ferramic Suppressor
1.390 . 108-226 100 ph o
L3g2 %1.08-146 ' 5 yph
Th3h *108-260 .1 ph
L %108-260 g
Li6s  *114-160 Caed2w Ve
150k ¥108-211 .5 uh | |
51k ¥108-211 5w
L527 - *108-260 ‘ .1 ph
554 %108-112 - 3
L6k *108-112 .3 uh
L577 %108-220 - .15 uh
" Resistors

Resistors are fixed,'composition, +10% unless otherwise indicated..

R102 ’ 315-u7d 47 @ i/h ' 5%
R10LC 302-610 500k 1/bw Prec 1%
ruME' © 322-481 1 meg A/kw Prec . 1%
R105¢ = 323-620 800 k /2w s Prec. 1%
RIOSE - 321-618 | v‘.eso k 1/8 w Prec 1%
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R106¢

R106E

- R10TC .

: Rio7E
R108C

R108E

© R10%C

R109D

'R109E

R110C

R110D

" R110E

"~ R111C

~ R111D
R111E

RLLEC -

R112D

RL12E

- R113C .

R113D

R113E
R11k
R115
R116

R117

323-611
321-617

- 323-612
321-616

323-621.

. 321-615
323-61k

315-470

321-61k

322-625

315-620
321»613
322-628
315-220

321-222

322-629
315-331

.321-193

323-481

315-300

3é1-612
323-481
316-101
316-104
311~390

10A2 ELECTRICAL

Resistors (Cont'd)

900 k-
ik
- 950 k-

52.6 k
. 980k |

20.k k
990 k
L7 @
101k
99 k

- e2'e

5.03 k
998 k
22a

2

999 k
33 @
1k
1 meg
30 o
500 @
1 meg}
100 @
100 k

25 k

- 1/2

1/8

- 1/2

1/8

1/2

- 1/8

1/2
1/
1/8
/4

1/

| 1/8

1/k

1/k

1/8

1/
1/M
1/8
1/2

1/h

1/8
1/2
1/h

| 1/4

W

W

W

W

W

W

Var

Prec
Prec
‘Prec

Prec

‘Prec

Prec

Prec

Prec'

Prec

Prec

Prec

Prec

Prec

Prec

Prec

Prec

'Prec

7-21-63
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R118
R119
R120
‘R12l

R122

R123

R125

R129
R130

R132,

R133
R13k
R135
R136
R138 .

R1kO
R1k2
R143
R1U4+
R148

|
R149
R150
R151
R154
R157

301-105
316-100
311-328
321-209

311-387

323-305

303~153
315-153

. 308-077

315=151

322-225

. 315-510

321-251
321-153

-311-169

311-390
321-325
315-823

$311-385

322-215

321=117
311-258
322-097

322-161

321-129

Resistors (Conl'd)

1 ey

llO Q
1k
147 X%
-5k

14.7 k
15 k
15 k

1k

150 @

2.15 k

51 &

4,02 k
3830

100 @

25 k

23.7T k

82 k

250 o

1.69 Xk

162 o
100 @
100 @
W6k

215

4Furnished as a unit with SWikh.

TEK 10A2 HPL
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.
L/ 200

L bow

1/8 w

1/2 w
1/ w

1/ w

/4 w

/4w

1/8 w

1/8 w

1/ w

1/2 w
1/4% w

1/8 w
/4w

1/b
178 '

Var

Var

Var

Var

Var

Var

Prec

Prec

Prec

Prec .

Prec

5%

VAR ATTEN BAL
o
CH1 ATTEN BAL RANGE

“
5%
5%

5%

2%
5%
1%
1

GAIN ADJ

Q154 BASE CURRENT

Prec 1%
5%
VARIABLE
Prec 1%
Prec 1%
CHl COM MODE CURRENT
Prec 1%
Prec 1%
Prec 1%
10A2 ELECTRICAL B-35




R158
R159

 R160

R161
R163

R164
R165
R167

R168

R169

R170
RITL
R1T7h

R176
R178

RiBO
R181
R18l
R188

 R190

R191
R192

R193

. 3195‘

R1i96

B-36

322211

321-097
311-390
321-297
321-103

322-161
322-202
321-129

322-211

- 321~-080

321-257
321-121
321-081 -

311-258

321-223

321-257
321-121

321-081

321-223

321-073

1321-073

321-069
321~069
315-103
311-389

10A2 ELECTRICAL

Resistors (Cent'd)

1.5k x
200 0

25 %
12.1 k

115 &

Lok a
1.2k k
215 0
1.54 k
‘66,5 @

o L. 64 k
- 178 Q

'68.1 Q

100

12,05 k

L. 6k k"

178 g

68.1 o

2.05 k
56.2

56.2'@
51.1Q

51.1 Q
10 k
2x10k

l/)vE v

1/8 v

1/8 w
1/8 w

/b w
1/4 w
1/8 w
/4 w
1/8 w

1/8 w

1/8 w
1/8 w

1/8 w

1/8 w
1/8 w
1/8 v
1/8 v
1/8 w

1/8 v
i/8 W
1/8 w

1/h v

Var

Var

Var

Prec

Prec

Prec

Prec

Prec

Prec

Prec
A Prec

Prec

Prec’

- Prec
Prec

Prec

Prec
Prec
Frec

Prec

Prec

Prec

Prec

" Prec -

7-21-63

15
1%
CH1 GRID CURRENT ZERO
1%t
1%

1%
1%

1%
“l%
1%

S U
1%

1%

CHL GATN RANGE
1%

POSITION
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Resistors (Cont'al)

R197 315-103 10 k 1 v | 56
R199 . 315-510 51 0 1/ v | 5%
R202 315-470 ke /b . 5%
Reouc 322-610 | 500 k- 1/how IPréc 1%
R2OLE 320-481 1meg /b w  Prec 19
' R205¢ 323-620 800 k 1/2 w " Prec 1%
R205E 321-618 250k 1/8w  Prec 1%
R206C 323-611 900 k 1/2 w . Prec 1%
R206E - 321-617 , 111 k 1/8 w : Prec 1%
R20TC, 323-612 g0k 1/ew o Pree 1%
R2OTE. 321-616 526k 1/8w Prec 1%
R208C 3e3-621 %ok 12w ~ Prec ' 1%
R20GE ,321;615 20 ko 1/8 w ' Prec ﬂv 1%
R209C  323-61k 990 k  1/2 w - Prec = 1%
‘R20SD  315-k70 wra 1k | 1 o . 5%
R200E 32161k S 0.1k 1/8w . | Prec 1%
R210C 302-625 . 995k - 1/h w ~' | Pied ¢ 1%
R21D  315-620 2o /4w s
RowE 321-613  5.03k  1/8w “Prec 1%
R211C 322-628 ', 998 k 1/4% w B .?réc 1%
R211D°  315-220 . a0 /4 w | 59
R2L1E 301222 ok 1/8 w Prec 1%
R212C 322-629 999 k 1/h w - Prec 1%
R212D o315-331 33a kv | st

R212E 321-193 1k 1/8 w Prec 1%

TEK 10A2 HPL . 7-21-63 : 10A2 ELECTRICAL
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R213C

R213D
R213E
R21k

R2l5

R216
R217
R218
R219

R220

R221
R222
R223
R225

R229

R230
.R232
R233
R23h
R235
R236
Res8
R240
R242

R243

B-38

323-481
315-300
321-612
323-481

316-101

316-10k

311-390

301-105
316-100

311-328

321-209
311-387
323-305
303-153
3l5~l§3

308-077

315=151

322-225

315-510

321-251

321-153
311-169
311-390

- 321-325

315-823

10A2 ELECTRICAL

Resigtors (Cont 'd)

I

1 meg

500 @

1 meg

100 @

100 k
25 K

1l meg

10 a

1k

| 147 k

> k
b7 E

15 g

15 %

Tk
150 2
2.15 k

oL a

4,02 ¥

. 383 0
100 é
25 k
23.7 k
82 x

30 ﬁ

1/2

1/8 -

1/4

\%

vy
L

A%

W

W

W

W

\U

Prec 1%

5%
Prec 1%
Prec 1%
Var CH2 GRID CURRENT ZERO
5%
CVer VAR ATTEN BAL
Prec 1%
" Var- CH2 ATTEN BAL RANGE
Prec 1%
5%
5%
ww .
5%
Prec , 1%
5%
Prec 1% "
Prec 1%
Var GAIN ADJ
Var Q254 BASE CURRENT
Prec = 1%
5%
7-21-63 TEK 10A2 HPL



RakLd
R2LS
R2L49
R250

R251

R254
R257
R258

R259
R260

R26l
R263
RgGh

R265

R267

R268

R269 |

R270
ReTL
‘R272

R273
R2Th
R276,
R278

R280

311-385
322-215
321-117
311-258
322-097

322-161

321-129

322~211

321-097

311-390

321-297
321-103
322-i6l
322-202

321-129

322-211

321-080

- 322-197
 321-085

321-097

323-163
321-081

311-258

' 3p1-223

322-197

Resistors (Cont'd)

250 k
1.69 ¥
162
100

100 @

Lol o
215 a

1.54 k
100 o

25 k

121 k
115 @
L6k 2

1.24 k

2150

1.54 k
66.5 a

1.1k

T5a
100 @ -

- 487
68.1 a
100 @

2.05 k

1.1k

JFurnished as a unit with SWall,

TEK 10A2 HPL
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1/2 w
hw

1/8 w

1/h w

1/ w
1/8 v
1/hw
1/8 W

1/8 w
1/8 w
/b w
/% w
1/8 w

/% v
1/8 v
1/ w
1/8 w
1/8 w

1/2 w

ll/8 s

1/8 w
1/ w

Var

Vax

Var

. Var

Prec

Prec

Prec

Prec
Prec
Prec

Prec

Prec
Prec
Prec
Prec

Prec

Prec

Prec

Prec ‘

Prec

" Prec

Prec

Prec

~ Prec

Prec

CH2 COM MODE CURRENT

9%

1%
1%
1%
1%
CH2 INV BAL

1%
,
1%
1%
1%

CH2 GAIN RANGE

1%
1%

10A2 ELECTRICAL

B-39




VR281 321-085 75 0 1/5 w
R282 321-097 100 ﬁ 1/8 w
R283 323-163 L87 0 1/2 v
ﬁ28u 321-081 . 68.1 0 1/8 w
R286 315-120 120 b

| ﬁeaa 321-223 2.05 Xk 1/8 v
R290 321-073 56.2 a 1/8 w
ﬁ291’ 321-073 56.2 1/8 v
R292 321-069 51.1 Q‘ - 1/8 w
R293 ' 321-069 51.1 @ 1/8 w
R295 315-103 Clox kv
R296 311-389 2x10k
R297 315-103 10k 1/hw
R299 315-510 s1e 1/h v
ﬁ31u 315-270 272 . /b w
3317' 321-193 1k 1/8 w
R318 321-201 1.21 k 1/8 w

- R334 315-270 27 a /4 v
R335 311-328 1k

————————— ~ Ri6 31.386 1k

R337 321-193 1k 1/8 w
R338 321-201 1.21 k 1/8 v
R341 315-101 100 d /b w
R3hé 315-332 3.3 k /4 v
R343 323-125 196 8 1/2w
B-40 10A2 ELECTRICAL

Resistors (Cont'a)

Var

Var

Var

Prec

"Prec
Prec

Prec

Prec
Prec
Prec
Prec

Prec

Prec

Prec

Prec

Prec

Prec '

7-21-63

1%

5%
POSITION
5%
5%
5%

1%
1%
5%
MAIN AMP DIFF BAL

~ MAIN AMP CURRENT

I
v

1%
1%
5%
5%
1%

TEK 10A2 HPL



R3Lk
R3L45
R3LT
R351

R352

R353
Rsh
R355
R35T
R36Y

R365
R369
B3T71
R3T3
R37h
R375
R382
R38M4
R387
R389
R390
R391
R392
RL1L
R412

TEK 10A2 HPL

321213

322-181
321-249
315~101

315-332

323-125
321-213
322-181
321-2k49
323-153

315-223
315-682
315-224
3212289
315-332

321-161
315-152

3e2-221

315-330

321-069

315-221

- 315-221

315-222
321-161

321-080

7-21-63

Resistore (Cont'd)

1.62 Xk
750 ©
3.83 k

100 o

3.3k

196 Q
| ;.62 k
50
3.83 k
383 q

22 k
68 x
220 k

10 %
3.3 k

i

Lok o
1.5 k
1.96 k
30 @

51.1 &

220 @
220\?
2.2 ¥
" w6k a
66.5

1/5 v
l/"# B

1/8 W

Prec
Prec

Prec

Preé
Prec
Prec
Prec

Prec

Prec

Prec
Prec

Prec

Prec

Prec

219
1%
1%

1%

5%
5%
5%
1%
5%

1%
5%
1%
5%
1%

5%

5%'

5%

‘ y

1%

10A2 ELECTRICAL
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Resistors (Cont'd)

Rk13 321-145 - o R PR o Prec | 1%
RL1S - 321-157 . hez 1/8 w Prec 1%
‘RMQi 321-161 - Lok o 1/8 w Prec 1%
Re3 321145 ~,‘ 360 1/8w , Prac -1%.
Rb25 321-157 e 1/8 v . Prec 1%
ﬁh32‘ - 322-133 ; 237 a VA - Prec ‘. 1%

ﬁu3u | R 321-115 | - 15k a 1/3 w Prec 1%
RULb ©321-115 | 154 o 1/8 w ~ Prec 1%

RUSO 321-109 o133 0 1/8 w Prec 1%
RU52 322-085 e v | Prec 1%
A « |
RMS3 321629 Csd1x 18w  Prec  1/2%
Rgsﬁ | 322-094% - | 93.1 /% w | . | Prec 1%
R455 | 321630 | 6.81 3.  1/8 w . Prec 1/2%
R%S6 322-173 619 ¢  1/hw Prec. 1%

"3557 323-137 261 éﬂ 1/2 Pree 1%
RL58 323-137 . e61a  1lew | | Prec 1%
R459 . 322-043 27.4 @ 1/ w o ' Prec 1%
RU60 © 321-109 | 133a  1/hw S  Prec . 1%

RUG2 © 315-2k42 ok afhw 5%

- RL6L ,»'4 322-094 93.1a  1/kw Prec 1%

: R4§5 | 321.-080 - 66.5 @ 1/8 v | ~ Prec 1%
RU66 - . 322-173 i 6190  1/kw | Prec 1%
Rﬁé? :  323-137 - 261 a 1/2 w o Prec‘ 1%

‘ﬁués | . 323-137 3 261 Q 1/2 w o Prec '1%
RLB1 322-193 : A'lk‘ /% w : Prec . 1%

B-42 10A2 ELECTRICAL ' 7-12-63 TEK 10A2 HPL



RUB2
- RL83

RLE5
RUBT

RL4ol

‘ §u96
RUgT
§u98
R50k
R514
R525
R526
R>27

R529

R530

!

531

R532

'R533

R535
R536

R539
R5HL
Rk
Rsl5
R5L46

TEK 10A2 HPL

321-173
301~151
315-100
315-151

%*310-606

¥310-606
322-073
322-085

321-125

' 321.125

321-161

321-058
321-053
323-170
311-390

315-392

323-181
321~103

321-161

321-058

323-170

315-820
315-820
321-289
311-390

7-21-63

Resistors (Coul 'd)

619 0
150 ¢
10 0
150

67 Q

67
56.2 a
PR
196 o
1196 Q

| uéuA@
39.2 @
34.8 @
576 9
25 k

3.9 %
750 Q
115 0
Lok ¢
39.2 @

L 576 @
- 82a@
82 a

10 k

25 k

1/
1/

Mica

Mica

Var

Var

Prec 1%
5%
5%
5%
19
1%
Prec 1%
Prec 1%
Prec 1%
Prec 1%
Prec 1%
Prec 1%
Prec l%
Prec 1%
CH2 OUT DC LEVEL
5%
Prec 1%
Prec 1%
Prec 1%
Prec l%'
~ Prec 1%
- 5k
P
Prec 1%
NORM TRIG DC BAL
10A2 ELECTRICAL B-43




Resistors (Comt ')

%5&8 | 321-105 210 /3w | Prec '1%
%550 f | 321.-065 We.lh ¢ /3w Prec 1%
RS51 | - 3el-297 12,15  1/0w Prec 1%
R55L - 321-127 205 0 /3w ‘ Prec 1%
R560 321-065 R 1/8 w o Prec 1% |
Rs61 321-297 S 12.1 k /8w Prec 1%
R564 321-127 205 a 1/8 w Prec 1%
R57h | 323-181 Boa 12w Prec 19
R5T76 323-173 | 619 o 1/2 w | Prec 1%
RSTT | 321-073 56.2 0 1/8w | Prec 1%
3579'; 321-145 3160 18w Prec 1%
R58l 323-181 508 1/2w Prec 1%
#586 323-173 619 - 1/2w Prec 1%-
3589 321-145 316 o /8w | Prec 1%
§591 ‘4 321-169’ 562 0 1/8 w Prec 1%
R592 321-230 243k 18w Prec 1%
RSO5  315-270 o7a v 5%
#597 - 303-221 . 220 @ 1w 5%
: .

Switches

Unwired  Wired .

éW1 260-522 *262-566  Rotary  VOLTS/CM
éwsl - 260522 %262-566 f - Rotary VOLTS/CM
Sl 311-385 |
§W190 o 260-L47 E Sl1ide  PULL TO INVERT

swollbh  311-385

JFurnished as a unit with R1ky, !
44Furnished as a unit with R2kk,

B-44 - 10A2 ELECTRICAL , 7-21-63 TEK 10A2 HPL



SW29Q
SW350

gwsho

371
T390

Q123

QL33

sk

gléh
QLTY

Q18k
Q223
Q233
25k
26k
2Tk
Qe8Y
§3oh
a3k

Q32h

Q33
a3ks
Q355

Q36k

Q3TH

TEK 10A2 HPL

260-4u7
260-524
260~523

%*120-273

*120-273

*151-103
¥*151~103
¥151-109
#151-109

*151-109

¥151-109
¥151-103
%151-103
*151-109

%151-109

#¥151-109
¥151-109
%151-109
¥151-109

%#151-109

#151-109
¥151-103
#151-103
#151-103
¥151~103

7-21-63

Switches (Cor . 'a

slide

Rotery

Rotary

Transformers

PULL TO INVERT

MODE

TRIGGER SELECTOR

Toroid, Bifilar 5T-10T

Toroid, Bifilax 57-10T

Transistors

Tek Spec
Tek Spec
Tek Spec
Tek Spec

-

Tek Spec

Tek ﬁpec
Tek Spec
Tek Spec
Tek Spec

Tek Spec

Tek Spec
Tek §pec
Tek ﬁpec
Tek Spec

Tek Spec

Tek Spec

Tek §pec
Tek §pec

Tek Spec

Tek épec

»

10A2 ELECTRICAL
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Transistors (Cont'd)

0383 ¥151-103 Tek Spec
@390 %151-108 Tek Spec
@3 X51-120  Tek pec
Q23 . ¥151-120 Tek Sgec
Qu3k - ¥151-109 Tek Spec
QU *151-109 ek Spec
§u5u *151-120 " ek Specv
Qu6k %151-120 Tek Spec
Q183 #151-103 Tek Spec
asok  ws1-120  Tek Spec
( o
Q514  %151-120 - Tek Spec
9523 ¥151-120 ek Spec
@533 ¥151-120 Tek Spec
assh ¥L51-120 ek Spec
éséh %151-120 ek Spec
i 4
§57h ¥151-120 | Tek'gpec
58k . ¥151-120  nex épeé
Q593 - *151-103 ek Spec
;‘ o | o | , 'Eleétxjnovn Tubes |
vi33 . 15h-306 7586
§é33 ,154-306 7586 -
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FACTORY CALIBRATION PROCEDURE

CONTENTS:
General C-805
Circuit specifications C-807

Calibration procedure

INTRODUCTION:

This isn't a field recalibration procedure as is the
procedure in your instruction manual, This is a
guide in calibrating brand-new instruments, just
assembled instruments that have never been turned
on before, Therefore it calls out many pxocedures
and adjustments that are rarely requij
sequent recalibration,

Even though we wrote this proceeap a Publication: ((‘\
our own factory test departpreht alup 062-020 ‘ !
others also if used with some gavtion July 1963

our current catalog! Thi quipment isused

in our test depari{l S calibration, Usually For all serial numbers

you can eithe ile: unction with standard

equipment iz , devise alternate ap-

proaches, ¢ | special test equipment your -

self,

2, Factory specifications are not guaranteed unless they also appear as catalog

or instruction wdnual specifications, Factory circuit specs usually are tighter than adver-
tised specs. This helps insure the instrument will meet or exceed advertised specs after
shipment and during subsequent field recalibrations over several years of use, Your
instrument may not meet factory circuit specs but should meet catalog or instruction
manual specs.

3. Presetting internal adjustments, if mentioned, usually is unnecessary, This is help-
ful for "first-time' calibration only, If internal adjustments are preset, you'll have to
perform a 100% recalibration, So don't preset them unless you're certain a "start-from-
. scratch" policy is the best.

In this procedure, all front panel controls for the instrument under test are in capital
letters (SENSITIVITY) and internal adjustments are capitalized only (Gain Adj).

%i 10A2 FCP 7-21-63 | 10A2 CALIBRATION  C-805



ABBREVIATIONS:

a amp
ac alternating current
approx approximately
base
bulb light, lamp, etc,
G collector
cew counterclockwise or full counterclockwise
cer ceramic
cm centimeter
comp composition (resistor)
cps cycles per second
crt cathode ray tube
cw clockwise or full clockwise
db decibel
dc direct current
div division
e emitter
emc ~ electrolytic, metal cased (capacitor)
emt electrolytic, metal tubular '
fil filament
freq - frequency
gmyv guaranteed minimum value (capacitor)
gnd chassis ground
h henry
hv high voltage
inf infinity
int internal
k kilo (103)
k kilohm
m milli (10-3)
ma milliamp
max maximum
mc megacycle
meg megohm
mh millihenry

| '©, 1963, Tektronix, Inc., P.O. Box 500
Beaverton, Oregon. All rights reserved.

c-s06 10A2 CALIBRATION

midr

min

mpt
meec

pcc
pf
piv
pmc

poly
pot
prec
pt
ptm

ptp
sec
sn
term
tub

unreg
v

var

w
WW

x-former

midrange or centered

minimum

millimeter

metalized, paper tubular (capacitor)
millisecond

mylar, tubular (capacitor)
millivolt

micro (10-6)

microfarad

microhenry

microsecond
nano (10-9)
nanosecond
ohm

pico (10 1 2y

paper, "bathtub" (capacitor)
paper covered can (capacitor)
picofarad (uuf)

peak inverse voltage

paper, metal cased (capacitor)

polystyrene

potentiometer

precision (resistor)

paper, tubular (capacitor) ,
paper, tubular molded (capacitor)

peak-to-peak
second

serial number
terminal

tubular (capacitor)

unregulated
volt
variable
watt

wire wound

transformer

7-21-63 TEK 10A2 FCP



TYPE 10A2 PLUG=IN

TEST SPECIFICATIONS

(TENTATIVE)
ITEM CHARACTERISTICS ' SPEC LIMITS
Variable Balance l. Range of Adjustment
ATTEN, BAL RANGE ' Must adjust Nuvistor Cathodeé
voltage from +1.15 to +1.25V,
VAR, ATTEN. BAL. Set for 180° back from full cw,.
BASE CURRENT Adjust within +90° of center of
rotation.
2, Setting Accuracy Less than 1 mm trace shift as
VARIABLE rotates through its
range.
3. Trace drift or shift Less than .5 em/hour after
Nuvistors were aged over 12 hrs.
Invert Balance 1. Range of Adjustment
INV. BAL. Adjust within +90° of center of
rotation,
2. Setting accuracy Less than .5 cm shift between

e e et e e AL 208, o i s mens e e e | o el

Trace Drift

Microphonics

Input Nuvistor
Grid Current

TEK 10A2 FCP

10'

2,

7-21-63

Ringing Type

Range of Adjustment

GRID CURRENT ZERO

Setting Accuracy

normal and invert.

After 10-minute warm-up, trace
drift or shift must be less than
2 mm with power off momentarily
and then back on.

Less than 1/2 cm when strike
lightly on front panel or
operate the front-panel controls.

Adjust with +90° of center of
rotation.

No obéervable shift when input
is switched from GND to DC.

10A2 CALIBRATION C-807




ITEM CHARACTERISTICS SPEC LIMITS
Common-Mode DC "1l. Range of Adjustment
Output ,
CH 1 COMMON-MODE CURRENT | Adjust within +90° of center of
rotation, ’
CH 2 COMMON-MODE CURRENT | Adjust within +90° of center of
rotation,
MAIN AMP CURRENT Adjust within +90° of center of
rotation,
2. Setting Accuracy 0 +.05 volt at TP453 for CH 1,
CH 2 and ADDED MODES,
Main Amp Diff. Bal. | 1. Range of Adjustment
MAIN AMP. DIFF. BAL. Adjust within +90° of center of
rotation.
2. Setting Accuracy Less than 2 mm for all modes
' with POSITION control electri=-
¢cally centered.
CH 2 0UT (DC) 1. Range of Adjustment
CH 2 DC LEVEL Adjust within +90° of center of
rotation,
2. Setting Accuracy +10 mv into 1 m load.
+40 mv shift when switched to
CH 2 ONLY trigger.
3, CH 2 OUT NOISE Less than 5 mv into 1 m load.
Trigger Amp
DC Bal., 1. Range of Adjustment
NORM TRIG DC BAL Adjust within +90° of center of
: rotation.
2. Setting Accuracy Trigger out DC balance less
than 0.1 volt im NORM with
POSITION control electrically
centered.
Trigger out DC balance less
than 0.3 volt in CH 2 ONLY,

C-808

10A2 CALIBRATION
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ITEM

Operating Bias
Voltages

Gain

T R

Variable Atten.

Range

Input Attenuator

Trigger Amp
Output

TEK 10A2 FCP

CHANNEL AMP:
CH 1 Q174 - Emitter
CH 2 Q274 - Emitter

MAIN AMP:

Q413 -~ Base
Qlshk - Emitter
TP48S

SWITCHING CIRCUIT:
TP 345
TP 345
TP 355
TP 355

TRIG AMP:

TP 593
TP 595

1. Range of Adjustment

GAIN

GAIN RANGE

2. Setting Accuracy

VARTABLE

VOLTS/CM
1. Accuracy

2. Compensation

1. CH 2 output

2. TRIGGER NORM +

3, ‘TRIGGER CH 2 ONLY +

7-21-63

CHARACTERISTICS

SPEC LIMITS

+1.45 to +1.55V
+l.45 to +1.55V

With MODE in CH 1 and
position electrically
centered:

“9“605 to ‘9‘608\{
+6.0 to +6,3V
+’+e75 to +4085V

+2 to +4V with MODE in CH 1
+8 to +10V with MODE in CH 2
+8 to +10V with MODE in CH 1
+2 to +4V with MODE in CH 2

"'301‘}' tO “’395‘,

"'J"‘ol tO -L.'GBV

Set for 180° back from full cw.

Adjust within +90° of center of
rotation,

No observable error at 10 mv/cm.

At least 2.5 to 1 attenuation -
ratio.

within +2%

within +1%

105 to 150 mv/cm’

90 to 120 mv/cm
90 to 120 mv/cm‘

90 to 140 mv/cm
90 to 140 mv/cm

10A2 CALIBRATION C-809




 Alternate Mode

Chopped Mode

Added Mode

Linearity

Transient
Response

C-810

| 1. Trace shift from CH 1

CHARACTERISTICS

and CH 2 modes

2. Triggering

* SPEC LIMITS

Less than 1/2 mm.

Must follow fastest 11B2
sweep rate.

l. Trace shift from CH 1
and CH 2 modes

2. Time duration of
chopped element

3. Blanking

1. Addition Accuracy

Vertical Compression or
Exapansion

1. CH 1 and CH 2
Risetime
Fast overshoot
Subsequent undershoot
overshoot and ringing

above 100 mc.

Overshoot and ringing
below 100 mc.

2., ADDED MODE
Risetime
Overshoot

%, TRIGGER NORM
Risetime

Overshoot

10A2 CALIBRATION

Within +2,5%

Less than 1/2 mm

45 to .55 psec

Operative and sufficient to
blank out switching transient
at normal intensity.

Less than 1/2 mm over center
screen diameter with 2 cm
signal display.

Less than 3.5 nsec
Less than 4%

Less than 3%

Less than 1%

Less than 4 nsec

Less than 6%

Less than 6 nsec

Less than 100%

7-21-63
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SPEC LIMITS

ITEM |  CHARACTERISTICS
L, TRIGGER CH 2 ONLY
Risetime Less than 10 nsec
Overshoot Less than 10%
5, CH 2 OUT
Risetime ' Less than 10 nsec into 50Q
Overshoot ' Less than %
Transient Response 1, CH 1 and CH 2
in 647
Risetime ' Less than 7 nsec
{
Overshoot, undershoot
and/or ringing i Less than 2%
2. ADDED MODE
Risetime ! Less than 7.5 nsec
Overshoot, undershoot :
and/or ringing . Less than 3%
Overall Freq. CH 1 and CH 2 Bandwidth | More than 50 mc at 3 db down.
response in 647 f
|
Channel Isolation | 10,000 to 1 minimum
i

TEK 10A2 FCP
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TEKTRONIX TYPE 10A2 PLUG-IN
FACTORY CALIBRATION PROCEDURE
(TENTATIVE)

The following instruments and equipment are needed for a complete calibration of
the Tektronix Type 10A2 Plug-in:

1 Test Scope (Type 543 or equivalent)

Type 647 Oscilloscope (accurately calibrated)
Type 11B2 Time Base

Type 661 Oscilloscope with Type 481 and Type 5T1A
Type 109 Pulse Generator

Type Constant Amplitude Signal Generator
Type 113 Delay Cable |

Input Capacitance Standardizer (C520)

10X T 50Q Pad (017~04k)

50Q Termination (011-049)

Plug-in Extension

50Q Cables (RG-8A/U Amphenol 21-290, S5nsec)
50Q Cables (with BNC Connectors)

10:1 T Pad (B52T10)

GR Type 874-QBPA Adapter

H o N VR R R e g

The Type 11B2 Time Base should be set as follows unless'otherwise‘stated:‘

HORIZ DISPLAY A

MAG OFF
TIME/CM ‘ 1 mSEC
VARIABLE , CALIB
TRIG MODE FREE RUN
SOURCE INT
COUPLING AC
SCOPE +

PRELIMINARY INSPECTION:

a. Make a careful inspection for wiring errors, rosin joints, unsoldered
joints, long wire ends and wire dress. Check all controls for smooth méchanical
operation,

b. Make the following resistance-to-ground checks at the 32-pin Amphenol
connector:

Between Conn, Approx. Between Conn, Approx.
Pin No. & Gnd. R in Ohms Pin No, & Gnd, R in Ohms
1 Infinite 17 Infinite
2 3.5K 18 1600
3 280 19 Infinite
L Infinite 20 11.5K
5 2009 21 : Infinite
6 Infinite- 22 Infinite
7 2000 23 Infinite

TEK 10A2 FCP | 7-21-63 : 10A2 CALIBRATION C-813




PRELIMINARY INSPEDTION (Continued)

Between Conn., Approx. ‘ Between Conn. Approx.
Pin No, & Gnd, R in Ohms " Pin No. & Gnd, R in Ohms
8 Infinite 2k Infinite i
9 Infinite 25 Infinite
10 Infinite 26 Infinite
11 Infinite 27 Infinite
12 Infinite 28 Infinite
13 L6og 29 Infinite
1h Infinite 30 Infinite
15 4609 ‘ 31 Infinite
16 Infinite : C 32 0

¢, Make DC resistance checks on all diodes.

Pre-set all controls of 10A2 as follows:

POSITION Center A :

VAR ATTEN BAL 180° back from full CW
INPUT Switch ~ GND

GAIN 180° back from full CW
VOLTS/CM .01

VARIABLE : Full CCW

INVERT Switch In

MODE CH 1

TRIGGER NORM

Pre~-set all internal controls and adjustments to midrange.
Insert 1042 into VERTICAL Compartment of 647.

Turn power on and permit sufficient time for Nuvistors to warm up and stabilize.

1. CHECK INPUT CAPACITOR FOR LEAKAGE: (CH 1 and 2)

Using POSITION, INV BAL and ATTEN BAL RANGE controls, set trace to midscreen. Set

. AC=DC=GND input switch to AC. Apply 500 volts to the appropriate input and observe .
the trace shift after it returns to the screen. There must be less than one major

division of displacement from the original position. :

2. CHECK MICROPHONICS: (CH 1 and 2)

Set AC=DC=GND input switch to DC. Strike lightly on the front panel of'the plug-in
and watch for excessive ringing type of microphonics (no more than % major division).

3, DC ADJUSTMENTS: (CH 1 and 2)

a., ATTEN. BAL, RANGE initial adjustment: Connect a DC Voltmeter between the cathode
of V133 (V233 for CH 2) and ground. Adjust ATTEN BAL RANGE to bring Nuvistor cathode
voltage to about +l.2 volts. It must be able to adjust +1.15V to +1.25V. Adjust
INVERT BAL to bring the trace to midscreen,

b. CH 1 (CH 2) COMMON MODE CURRENT initial adjustment: Adjust for +9V at TP 345
(TP 355) with the MODE switch in CH 2 (CH 1) position. Return MODE switch to CH 1
(cH 2).

¢. MAIN AMP CURRENT intial adjustment: Adjust for Zero volt at TP 453,
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3. DC ADJUSTMENTS (Continued)

d. ATTEN. BAL, RANGE final adjustment: Rotate VARIABLE to full CW position and
observe resultant trace shift. Adjust ATTEN, BAL. RANGE to bring the trace back

to the original position and overcorrect by 2/3rds the amount of the initial trace
shift. Use INV BAL control to keep trace on screen as necessary. Repeat if nec-
essary to bring trace positions at both extremes of VARIABLE control to w1th1n 5 cm
of each other.

@. BASE CURRENT initial'adjustment: Rotate VARIABLE to a position showing maximum
trace departure from the reference positions at the end of this control. Adjust

BASE CURRENT to bring trace back to this reference position and overcorrect by 4 times
the initial trace departure. Use INV BAL to keep trace on screen as necessary.

f. 1INV, BAL. initial adjustment: Set INV. BAL, for midscreen trace., (POSITION
control should still be in midrange) Pull INVERT switch out and observe trace shift.
Adjust INV. BAL, to bring trace halfway back to original p051t10na Push INVERT
switch to "in" position.

g. VAR. ATTEN. BAL., and BASE CURRENT final adjustment: Rotate the VARIABLE control
. through its range and observe any trace shift or departure from a steady position.
Adjust VAR. ATTEN. BAL, and BASE CURRENT controls using steps (e) (except use VAR.
ATTEN, BAL. rather than ATTEN BAL RANGE) and (f) so that trace shift is less than

1 mm as the VARIABLE is rotated through its range.

h. 1INV, BAL, final adjustment: Observe trace shift as INVERT switch is pulled
"out'". Adjust INV. BAL. control to bring trace halfway back to the original posi-
tion. Repeat this until the trace shift‘is less than .5 cm. ,

i, GRID CURRENT ZERO final adjustment: Use POSITION control %o set trace on mid-
screen, Set INPUT switch from GND to DC and observe trace shift. Adjust GRID
CURRENT ZERO to bring trace back to initial midscreen position. Repeat until there
is no trace shift as input, is grounded. :

Repeat £he above steps to make CH 2 adjustments.

4, MAIN AMPLIFIER DC ADJUSTMENTS:

a. Observe thé DC vdltage at TP 453. With MODE in CH 2, adjust CH 2 COMMON MODE
CURRENT to obtain O volts at TP 453, :

"b, CH 1 COMMON MODE CURRENT final adjustment:. Switch MODE to ADDED and adjust
CH 1 COMMON MODE CURRENT for O volts at TP 453,

c. MAIN AMP CURRENT final adjustment: Switch MODE to CH 1 and adgust MAIN AMP
CURRENT to bring voltage back to O volts at TP 453,

d. CH 2 COMMON MODE CURRENT final adjustment: Switch MODE to CH 2 and re-adjust
CH 2 COMMON MODE CURRENT for O volts at TP 453, Now voltage at TP 453 must remain
0 +.05 volt in CH 1, CH 2 or ADDED modes. '

e, MAIN AMP DIFF. BAL. final adjustment: With MODE in CH'2, set CH 2 POSITION
control for midscreen trace. Switch MODE to ADDED MODE and set CH 1 position

control for midscreen trace. Switch MODE to CH 1 and adjust MAIN AMP DIFF. BAL.

tor midscreen trace. Set MODE to CH 2 and re~adjust CH 2 POSITION for midscreen
trace. The trace should not move from midscreen by more than 2 mm as MODE is switched
through all modes of operation.

5. CH 2 OUT DC ADJUSTMENT:

Set MODE switch to CH 1 CH 1 POSITION for midscreen trace, VODTS/CM to .01 and input
switch to DC. Connect front panel CH 2 OUT into CH 1 input and set CH 2 input to GND.
Adjust CH 2 DC LEVEL to obtain midscreen trace. Observe trace shift as TRIGGER Selector
is switched from NORM to CH 2 ONLY. The trace shift must not be greater than 40 v,
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5, CH 2 OUT DC ADJUQTMENT (Contlnued)

The CH 2 OUT noise as observed on screen in both TRIGGER modes must be less than
% major divisions. Remove CH 2 OUT connection from CH 1 input.

6. ADJUST NORM TRIG DC BAL.:

Set TRIGGER selector switch to NORM and CH 1 POSITION control for midscreen trace.
Connect a DC Voltmeter across ¢ trigger output (Pin 13 and 15). Remove Type 11B2
and set Voltmeter to 1.5V (or less) scale. Adjust NORM TRIG DC BAL for gero volt.
Re-install Type 11B2 into scope. Set TRIGGER selector to CH 2 ONLY and check for
less than .3 volt change. Return TRIGGER selector to NORM and remove Voltmeter
connections., '

7. CHECK TRACE DRIFT: (CH 1 and 2)

Set both channel POSITION controls for midscreen trace with MODE switch in appropriate
position. Switch power off momentarily and then turn it back on. Check for excessive
trace shift or drift from the original position (less than 2 mm). '

8. CHECK BIASING VOLTAGES:

. Measure DC voltages for a check of proper biasing as indicated below. Set.Cﬂil and
2 inputs to GND and POSTTION control for midscreen with MODE switch in approprlate
position.

Measure Voltage At : With MODE Acceptable Voltage Range
CH 1 (Q174 FEmitter ; C176 Junction CH 1 ?19@5 to +1.55 V»
MATN (Q413 Base R318 Junction CH 1 }E»S to +6.8 V
© AMP (Qb54 Emitter R465 Junction CH 1 +6.0 to +6.3 V'
, (Test Point TP 485 CH 1 +4,75 to +4.85 V
CH 2 (Q27l4+ Emitter €276 Junction CH 2 +1.45 to +1.55
(Test Point TP 345 CH 1 +2 to +h4 v
 SWITCH (Test Point TP 345 CH 2 +8 to +10 V
CKT. (Test Point . TP 355  CH 1 +8 to 410 V
(Test Point TP 355 CH 2 . +2 to +4 V
TRIG (Test Point TP 593 : =34 to «3.5 V

AMP (Test Point TP 595 =41 to =43 V

9, ADJUST GAIN: (CH 1 and 2)

Set CH 1 and CH 2 inputs to DC, VOLTS/CM to .0l and VARIABLE to CALIB. From the
CALIBRATOR, apply a 50 mv signal to CH 1 input. With MODE switch set at CH 1,
adjust CH 1 GAIN RANGE for 5 major divisions of vertical deflection. Set MODE
switch to ADDED and pull CH 2 INVERT switch "out". Apply 50 mv CALIBRATOR signal .
to CH 1 and CH 2 inputs. Adjust CH 2 GAIN RANGE for cancellation of the signal.

10, CHECK ADDED OPERATION:

Push CH 2 INVERY switch "in". Apply a 20 mv CALIBRATOR signal to CH 1 and CH 2
inputs. Addition of two input signals should provide four major divisions of verti-.
cal deflection (+1 mm).
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11. CHECK VARIABLE VOHTS/CM CONTROL: (CH 1 and 2)

Set MODE switch to appropriate position. Apply a 50 mv CALIBRATOR signal (5 major
divisions) to the input. Set VARIABLE to minimum gain position and check for two
major divisions (or less) of vertical deflection. Check for smooth electrical
operation over the entire range. Ree-set VARIABLE to CALIB and check that the
UNCAL NION is properly turned off,

12. CHECK INPUT SWITCH: (CH 1 and 2)

With a 50 mv CALIBRATOR signal applied to the input, position the base line of the
- calibrator waveform to the midscreen. Set the input switch to AC. The waveform

should shift downward so that the midscreen graticule line is approximately through
the center of the waveform., Pull INVERT switch 'out' and repeat the same procedure
for INV operation., When switching from DC to AC, the waveform should shift upward.

13, CHECK VOLTS/CM SWITCH: (Ch 1 and 2)

Set MODE switch to appropriate position, INVERT switch "in" and input switch to _
DC. Apply CALIBRATOR signal to the input and check for proper deflection as follows:

VOLTS/CM  CALIBRATOR SIGNAL DEFLECTTION
.02 .1 volt 5 major div
.05 .2 volt b major div
ol .5 volt 5 major diwv
o2 : 1 volt : 5 major div
5 ' 2 volts L major div
1 5 volts 5 major div
2 10 volts 5 major div
5 20 volts 4 major div
10 50 volts . 5 major div
20 100 volts ‘5 major div

14, ADJUST ATTENUATOR COMPENSATIONS: (CH 1 and 2)

Set MODE switch to appropriate position and VOLTS/CM to .Ol. From Type 105 apply

a lkc signal to the input through a BS52T5, a 52Q cable and a 20 pf standardizer
(C5~20). Set Type 105 OUTPUT AMPLITUDE control to produce approximately four major
divisions of vertical deflection for the following VOLTS/CM settings. Set Type 11B2
TRIGGERING LEVEL for a stable display. Adjust the appropriate variable capacitors
for optimum waveform. ' :

ADJ FOR OPTIMUM ADJ.FOR OPTIMUM

VOLTS/CM SQUARE CORNER ' FLAT TOP

CH 1 CH 2 } CH 1 CH 2

.01 o ¢103 c203
.02 ciokc . c2ohe ClO4LB =~ C204B
.05 C105C C205C - C105B C205B
o1 C106C C206C - Cl06B  C206B
.2 ‘ €107C C207C ~ C107B C207B
.5 108¢C c208¢C © C108B C208B
1 ' €109C €209C C109B C209B
2 ‘ ¢11.0C €210C ' C110B . C210B
5 c111cC c211C C111B C211B
10 c112C co12c Cl12B = C212B
20 ' C113C C213C C113B C213B
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15, CHECK TRIGGER AMP OUTPUT:

Set MODE switch to CH 2 and CH 2 VOLTS/CM to .0l. From Type 105 apply a 1 k¢ signal
to CH 2 input. Adjust Type 105 OUTPUT AMPLITUDE for 5 major divisions of vertical
deflection. Using a X10 probe, check the trigger amp output for proper gains as
follows: ‘ .

MEASURE ég ACCEPTABLE RANGE
CH 2 OouT Front Panel 525 mv to 750 mv
NORM + Pin 13 450 mv to 600 mv
NORM -~ . Pin 15 4SO mv to 600 mv’
CH 2 ONLY + .~ Pin 13 450 mv to 700 mv
CH 2 ONLY - Pin 15 450 mv to 700 mv

Return TRIGGER to NORM.

16. CHECK LOW FREQUENCY RESPONSE: (CH 1 and 2)

Set VOLTS/CM switch to .01 and AC-DC-GND to DC. From Type 105 épply a 100 cps signal
to the input. Adjust Type 105 OUTPUT AMPLITUDE control for tour major divisions of
vertical deflection and check for a flat-topped waveform.

17. CHECK VERTICAL COMPRESSION OR EXPANSION: (CH 1 and 2) -

From Type 105 apply a 1 kc signal to appropriate input to produce exactly 2 major
divisions of vertical deflection when the display is centered vertically. This
deflection must not be increased or decreased by more than 2 mm (overall) when the
display is positioned to the top or bottom of the graticule. Remove the signal
from the input and set 11B2 to FREE-RUN. : :

18. CHECK ALTERNATE MODE OPERATION:

With MODE switch in appropriate setting, position CH 1 trace 2 cm above midscreen
and CH 2 trace 2 cm below midscreen., - Set MODE switch to ALTER and observe that trace
shifts are less than % mm. Check for stable alternate trace between channels at
various settings of the Type 11B2 TIME/CM switch.

19. CHECK CHOPPED OPERATION:

Set Type 11B2 TIME/CM switch to 1 mSEC. Switch MODE to CHOP and observe that trace
shifts are less than % mm. Set Type 11B2 TIME/CM to .5 pSEC. Check that time
duration of each chopped element is between .45 uSec and .55 1Sec. Check for proper
chopped blanking. : "

20, ADJUST HF TRANSIENT RESPONSE:

a. Remove 10A2 from the plug-in compartment and re-install the plug-in unit into
scope through special plug-in extension for high frequency adjustments. (Note:
This special plug-in extension disconnects the outputs of 10A2 from 647 vertical
inputs and provides a 90 to 50Q matching work ) Set MODE switch to CH 1 and
VOLTS/CM to .01,

b. Elevate or "float" Type 661 Sampling Scope above ground and set up each unit
as follows:
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20. ADJUST HF TRANSIENT RESPONSE (Continued)

5T1A : Ls1
TRIGGERING SOURCE  FREE RUN MILLIVOLTS/CM 50
TRIGGERING POLARITY + VARIABLE CALIBRATED
RECOVERY TIME MIN . . DISPLAY (CHANNEL A) NORMAL
SWEEP MODE NORMAL DISPIAY (CHANNEL B) = INVERTED
SAMPLES /CM 50 VERT POSITION Midscreen trace
TIME EXPANDER X1 SMOOTHING - NORMAL
TIME POSITION cw MODE ADDED ALGEB.
SWEEP TIME/CM 20 nsec TRIGGERING A AC
VARIABLE CALIBRATED

661 HORIZONTAL DISPLAY

SWEEP MAGNIT'IER . X1
POSITION and VERNIER Center

¢. Connect Pin 5 output of 10A2 into CHANNEL A of 481 and Pin 7 output into CHANNEL
B. Set CH 1 POSITION for midscreen trace on Sampling Scope and then use 4S1 VERT
POSITION for trace positioning.

d. Connect a Type 113 Delay Cable to CHG LINE 1 or 2 of Type 109 Pulse Generator.
Set the 109 VOLTAGE RANGE to 5.0, AMPLITUDE to 2.5 and PULSE POLARITY to +., Turn
Power on and apply the 109 OUTPUT to. 10A2 CH 1 input through two 10X T (017-04k4), a
50Q cable and 50Q termination (011-049).

e, Set the 5T1A TRIGGERING to INT and adjust THRESHOLD for proper triggering. Set
the 109 AMPLITUDE control for 5 cm display on the Sampling Scope. Adjust C176 and
L465 for CH 1 transient response with less than 4% fast overshoot. Subsequent
undershoots, overshoots or ringing above 100 mc are to be less than +3%, and over-
shoots and ringing below 100 mc less than +1%. Set 5T1A TIME/CM to 1 nSEC. Use
TIME POSITION control to bring the display back to the screen and measure the
10-90% risetime (less than 3.5 nsec). Return 5T1A TIME/CM to 20 nSEC and TIME
POSITION to CW. o

fo Set MODE switch to CH 2 and apply Type 109 OUTPUT to CH 2 input, Adjust C276
for best CH 2 transient response. Measure 10-90% risetime as in Step ®. Set MODE
switch to ADDED and measure the risetime and overshoot (less than 4 nsec with 6%
overshoot maximum), Return MODE switch to CH 2.

g. Remove the 10A2 output connections from 4S1 inputs. Connect PIN 13 + trigger
output of 10A2 into CHANNEL A INPUT of 4S1 and PIN 15 - trigger output into CHANNEL
B INPUT. Set CHANNEL A and B MILLIVOLTS/CM to 50. Set ST1A SWEEP TIME/CM to 2 nsec.
Use TIME POSITION control to bring the display back to midscreen. Measure 10-90%
risetime and overshoot of NORM TRIG output (less than 6 nsec with 10% overshoot
maximum).. Set TRIGGER select switch to CH 2 ONLY. Measure 10-90% risetime and
overshoot of CH 2 TRIG output (less than 10 nsec with 10% overshoot maximum).

h. Remove the 10A2 trigger output connections from 4S1 inputs. Connect front panel
CH 2 OUT into 4S1 CHANNEL A. Measure 10-90% risetime of CH 2 OUT (less than 10 nsec
with 4% overshoot maximum)., Remove 10A2 CH 2 OUT connection from 4S1 input. Re-
install 10A2 into 647 VERTICAL compartment.

21. CHECK OVERALL TRANSIENT RESPONSE IN 647: (CH 1 and 2)

a, Set MODE switch to CH 1 and TRIGGER select switch to NORM. Set Type 11B2
TIME/CM to .1 WSEC. and X10 MAG ON. Apply Type 109 signal to €H 1 input. Adjust 109
AMPLITUDE control for 4 major divisions of vertical deflection, Set 11B2 TRIGGERING
LEVEL for a stable display. Measure 10-90% risetime (less than 7 nsec). Check the
displayed waveform with less than 2% overshoot, undershoot and/or ringing. Pull
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21, CHECK OVERALL TRANSIENT RESPONSE IN 647 (Continued)

INVERT switch '"out" and repeat the same procedure for channel-invert operation,
Push INVERT switch "in'".

b. -Set MODE switch to CH 2. Repeat Step (a) to check CH;2'responsé with TRIGGER
select switch set at NORM and CH 2 ONLY,

c. Set MODE switch to ADDED' and TRIGGER select switch to NORM. Apply Type. 109
signal to CH 1 input. Measure 10-90% risetime (less than 7.5 nsec). Check the
waveform with less than 3% overshoot, undershoot and ringing.

22, CHECK CROSSTALK & CHANNEL ISOLATION:

a, Set MODE switch to CH 1 and CH 1 VOLTS/CM to .05. Apply Type 109 signal to

CH 1 input to produce 6 major divisions of vertical deflection. Set CH 1 VOLTS/CM
to .01 and MODE switch to CH 2. Check the amplitude of crosstalk in CH 2 (less than
2 mm). Reverse channel operation and check crosstalk in CH 1.

b. Set CH 2 VOLTS/CM to 20. Apply Type 109 signal to CH 2 input to produce 2,5
major divisions (50V) of vertical deflection. Set MODE switch to CH 1 and CH 1
VOLTS/CM to .0l. Check crosstalk in CH 1 (less than .5 cm). Reverse channel
operation and check crosstalk in CH 2. Remove Type 109 signal from channel input.

23, CHECK OVERALL HF RESPONSE IN 647: (CH 1 and 2)

Set CH 1 VOLTS/CM to ,01 and MODE switch to CH 1. From Type Constant Amplitude
Signal Generator, apply a 50 ke signal to CH 1 input to obtain 4 major divisions i
of vertical deflection. Set Type signal to 50 mc. Do not change Type

output amplitude and check for at least 2:8 major divisions of vertical deflection
(upper 3 db point). Set CH 2 VOLTS/CM to .01 and MODE switch to CH 2. Repeat the
same procedure to check CH 2 bandwidth.
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OPERATION INSTRUCTIONS

3 OF IROLT-PAIEL COLTROLS

In the DC position, both the ec

end de components of input signals

arce displayed, In thekAC positlion,

a cepacitor bLlocks dc'conponents of
the signel. The low—fréquency

limit (3-db point) of the AC posi-
tion is ebout 2 cps (0.2 cpé‘when a 10
reg 0 lOX,pfobe is used); In the GID
position, the Type 10A2 input circuit
is grounded (it does not ground the

signal).

_An eleven-position switeh that sets

the vertical deflection factor of the
Type 10A2; All positions are calibrat-
ed vhen the red VARIABLE knob is in the
rswitch detent at the CALIB position.
Renge is from 0.0l to 20 volts/cm,

Red knob concentric with the VOLTS/CM
syitch provides cohtinuously veriable
reduction in anplifier gein (uncali-
brated) to at least 2.5 to 1. For
exauple, if the VOLTS/Ci sﬁitch is in
the 1 position, the VARIABIE control
will vary thevscnsitivity between the

deflection factors of 1 volt/cm end

10A2 OPERATION

E-105




"E-106

UNCAL

POSITION

PULL TO INVERT

MODE

10A2 OPERATION

about 2,5 voltas/cm. Vhen used

in conjunction with the oscil-
loscope calibrator voltage, this |
éontro; perults setting any spec- ~:
ific deflection fector within the
range of the instrument.

A neon lamp that lights when the
VARIABLE controlvis.turned awvay

from its CALIB position.

Vﬁriesvthe vertical posiﬁion of
the treace.

A two-position switch that pre-
sents the signal in normsl or
inverxed polarity. |

A five-position switch that sets
the modg of operation. The posi~

tions ere as follows; CH 1: Con-

nects the internal circuits to

operate channel 1 only. The sig-
nal in channel 2 is still epplied
to the CH 2 OUT connector.

CH 2:  Comnects the internal cir-
cuits to operate channel 2 only.‘
ALTER: Sets the cmplifier chen-
nels to display on altérﬁate
sweeps. For exomple, the first

sweep would be the channel 1

7-21-63 TEK

10A2 IRB



TRIGGER

. GAIN

VAR ATTEN BAL

TEK 10A2 IRB

7-21-63

sianal; the second sweep the

chennel 2 signal, The flicker
betveen channels will devend

on the swecp rate,

CHOP:  Wlectronic switchinsg chang-

es the display between channels

at & l-uc rate. DBech display sege
ment lasts for about 0.5 microsecond.
ADDED: The algebraic swa of the
chennel 1 and channel 2 signals will
be displayed with the MODE switch in
this position, To measwure the alge-
braic difference between signels, use

one PULL TO INVERT knob.

A two-position switch thet selects

the trigger signel 4o the time-buse

unit trigger circuits. « Edther chan-

nel 2,'or the signal driving the

crt vertical deflection plates can

be selected.

A secrewdriver edjustment that permits

the gain of the channel to be cérrectly set,
A screwdriver adjustment‘that Lalances
the amplifier so that with no signal
epplied there is no verticel shift of the
trace as the VARIABLE VOLT'S/CM control

is turned.

10A2 OPERATION

E-107




FIRET-TIME CPLEATION

The Type 10A2 should be inserted into the left-hand (Y»axis)
opening of the Type 647 Oscilloscope. A time-basc unit such as
the Type 11E2 should be insertcd in the right-hend (X-axis) opening.
The following procedure will help you Vecows fawililar with:
the Type 10A2 operation:

1., Set the front-penel controls as follows:

AC-DC-GND~~==n==m==-~ DC (both channels)
VOLTS/CM =mmmmmmmmmaemn .01 (both chennels)
VARIABIE =-wmmnn- e CALTB (both channcls)
POSITION =mem- e Midrange (both channels)
MODE mmmmmmmmmmam —menie CH l

| PULL TO TNVERT e Pushed in (both channels)
TRIGGER ~-——mmmmmmmmm NORM |

2, Apply a 20 mvolt signal from the oscilloscope coli-
brator to both Type 10A2 input connectors. Adjust
the time-base controls for a stable display. Use
ac low-freguency reject internal-trigger coupling.
The display will be a rectangular ﬁaveform'Q divi-
sions in amplitude. With the chennel 1 POSITION

control, move the display ebove the graticule centerline,

3. Turn the MODE switch to CH 2. A similar 2—diviéign wave -
form wili be displayed. With the channel 2 PCSITION
control, move the displey below the graticule center-
line.

4, Set the MODE switch to ALTER. If nscessery, adjust
the time-base trigmering for o stoble display. DBoth

signals skould be displayed. Thc sywitching rate
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will depend on the sween rate,

5+ St the MODE switch to CLO?, and the TRIGIER switch
to CH 2 ONLY. If nccessary, adjust the time-bose trig-
vgering for a steble display, Two separ&té traces
should appear,

6. Set the MODE gwitch toAADDD . There should be one
display 4 divisions in omplitude. This is the addi-
tién of the channel 1 and 2 waveforms (2 divisions
each). Hotice that either POSITION control can move
the troce vertically.

7. Pull the Channel 1 PULL TO INVERT switch. Free run
the time-base ﬁnit. The display should be a straight
liné, indicating the algebreic difference between the
two signals., Since the signel amlitudes are equal,
the difference is zero.

Variable Attenuator Balance and Guin Adjustment

Before the Type 10A2 is used for accurate measurements,
the VAR ATTEN BAL and GAIN controls (front-panel screwdriver
édjustments) for éach chennel should be checked and adjusted
as necessary. The GAIN should also be checked each time the
Type 10A2 is moved from one Type 6&7 Oscilloscope to another.

If the variable dc balance of & §hannel is not properly
set, the position of a no-signal trace will shift vertically
as the VARIABLE VOLTS/CM control of that channel is turned.
Adjust the VAR ATTEN BAL control as follovs:

1. Set both AC-DC-GND switches to GiD.

2., Set the MODE switch to CH 1 end position a free-

running trace to the center of the crt.

TEK 10A2 IRB 7-21-63 10A2 OPERATION E-109




E-110

3. Adjust the channel 1 VAR ATTEN BAL control to a

point vherc there 1s no trace shift as the VARIABLE

NeE e e

L. Ropeat the preceding steps for channel 2.

Set the GAIN control as Tollows:

1. Set the TRIGGER switch to KORM;

2. -Set the channel 1 AC-DC-GID swifch to DC and the
KMODE switch to CH 1.

5. Set the channel 1 VOITS/Ci switeh to .01 (or other
required position) and the VARIABLE control to
CALIB. | | .

L, Set the time-base plug-in unit for a free-running
0.1 millisec/cm sweep.

5. Apply 50 millivolts (or other reguired value) from'
the oscilloscope calibrator to the chamnel 1 input
connector.

6. There should be 5 cm of display, if not, adjust the
GAIN control.

7. Repeat the preceding steps for channel 2 GAIN
adjustmeﬁt. |

Generql Operation
Either of the two preamplifier channels can be'used

independently by setting the MODE switch to CH 1 or CH 2 and

connectlnv the signal to be observed to the appropriate  input.

Gi55y~2 1 lists several input systems suitable to the Type
7

10A2 input. TFig. 2-1 ohOJu a bIOﬂV dla"r m of Lhe input when

using the system of Method 7 of ﬁuw‘u L—l.

10A2 OPERATION 7-21-63
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Input Coupling
To displayvboth the ac and de conponents of an applied
signal, set the appropriete AC-DC-GID switch to DC; to dis-
play only the ac component Qf & signal, set the switch to AC.
In the AC position of the SWitch, the de compoﬁent of the
signal is blocked by a cepacitor in the input circuit. Thq
low-frequency ac -3 db point is aﬁout 2xcps when the sowrce
impedance is low, Therefore, some low-frequency distortion
of sigpnals with corponents below this frequency can be ex-
pected when using the AC position. When using & 10X 10 meg .
probe, the low;frequency reéponse is about 0.2 cps in the AC
position, | |
? Deflection TFactor
The amount of vertical deflecﬁipn produced by a signal ié
; determinea by the signal amplitude, fhe attenuation factor (if
any) of a probe, the setting of the VOLTS/CM switch, and the
setting of the VARIABLE VOLTS/CHM control, Calibrated deflection
factors indicated by the VODTS/CM switch apply only when the
X VAEIABLE control is set4fully ciockwise to the CALIB bositibn;
'.fhe range of the VARIABIE VOLTS/CM control is at least 2.5
~to 1 to provide varieble (uncalibrated) vertical-deflection
| factors between calibrated settings of the VOLTS/CM switch.
The VARIABLE VOLTS/CM cpntrol extends the vertical deflecw
tion factor of the Type 10A2 to sbove 50 volts/cm.
Dual Trace Operation
The chéice of alternate or chopped moderf operation can
. be made from the followling discuséions, and Table 2-2.
" Displaying Two Non-Repetitive Signals. The chop mode of opera-

tion allows good resolution orf non-repetitive signals to be ob-
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tained usihg sweep rétes as fast as‘lo Qséé/em. The 10~;§;§/k”w
cm sveep rate is probdbly the fasteét swcep.rate you will want
to use and still get good resolution. Thus, non;gepetitive

‘ Si&néls up to 0.1 millisec duration will produce a usefhi dis—
play with about 100 awam@nté raking wp eoch trach.

To obtain useful displéys when observing fast non-repeti~
tive signals with the fastexr sVeep rates, use one-channel
operation. |
Displaying Two Repetitive Signals, Whén displaying two repeti-
tive signals using the altgrnate mpde of operation; uge sﬁeep
rates 0.5 millisec/cm or»faster.; When vieﬁing é repetitive
display from signals 250 cps or higher, alternate mode of oper-
ation produées an unlnterrupted display (the alternate~mode |
switéhing‘cycle ié sufficiently fast to pfoduce'an apparently
steady display). iIf slowey sweep rates are used’for viewing
signals 250 cps or lower, the alﬁern&te»mode switching cycle

becomes more apparent and you may prefer to use chopped mode

of operation,
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CHEARD. 2-2

“

=1y

Internal Tripgering PRecommendations for

Dual-Trace Uperation
&

et M —
;

1
B s s ot VO

Signals ' ' 10A2

I - b st e+ g < e 1§ vt

BOLE Qwiteh

PRIGGER Su it

104a2 Time-Base

i A
i Ariegoring

1. Two of same/or harmonically|ALTIR CH 2 ONLY | AcC

related frequency, 250 cps and

above. (Lower frequency into

Channel 2).

2, Two'of same}%} harmonicélly Cliop NITRN : AC KX or
Cll 2 ONLY DC or

related frequency, anywhere

*
within full bandwidth.

AC LI" REJ

Hereltvogy First signal to

| Channel & 2. Sweep rate

limited to 10 pseq/cm max.

3. Two of diésimilar (not | ALTER NORM AC LT REJ
' only
| harmbnically related) freq-
uency, 1 ke and above,
4. Two one-shot signals, e |CHCP CH 2 ONLY AC or
. ' : DC or
AC LF REJ

" : . ‘
~+ Occasionally the signals will be harmonically related to

then

the chopping rate, amg at sweep rates aboﬁe 10 psec/cem

the chop segments may be to obvious.
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Voltage Measurenents

| To'measure the voltage between two points on a signal
(such as peck-to-peak ac volts), messure the verticel dis- -
tance in graticule divisions between the two points and
multiply by the setting of the VOITS/CM switch and the -
attenuation féctor, if any, of a probe. Be certain that
the VARIABLE VOLTS/CM control is in the CALIB position.

For exanple, assume you use & 10X probe with the
VOLTS/CM>switch set toi.OB, and your display has & verti-
cal deflection of 4 centimeters. In this case, 4 divisions
X 0.02 volt/div. = 0.08 vol%. This voltage times the probe
attenuation factor of 10 shows & true peask-to-peak voltage
of 0.8 volt.

To measure the de level at a given point on a waveform,

proceed as follows:

l. Set the VOITS/CM switeh so that the expected voltage

(at the input comnector) is not nore than six times the set-

E-116

ting. Be sure the VARIABLE VOLES/CM control is in the CALIB
position.

2. Set the time-base controls so thet the sweep free
runs.

3. ©Set the AC-DC-GND switch to GND, and use the POSITION
control to align the trace with one of the graticule lines.,
This line is a ground (or zero) reference.A The position
selected for this referenée line depenés on the polarity and
arplitude of the signal to be méasured. Do not move the

POSITION control once the refe:ence line has been established.

10A2 OPERATION ' 7-21-63
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Y,  Set the AC-DC-CND switch to DC,

5. Apply the signal to the input connector aud‘set the 3
time«bove triggering controla for é stable display,

6. Measure the vertical distance, in major graticule
divisions, frem the ground (zero)freferepce line to the point
on ﬁhe waveform that you wish to measure,

T Multiply this distapcé by the setting of the VODrS/CM
) switéh and any probe attenuétion factor, This is the instan-

taneous de¢ level of the poiht measured.

| Chéck the zero referencélline at any time by séttingj
the AC-DC-GND switch to GND. It is not necessary to dis-
connect -the signal probe frgm the Type lOAé. To use &
reference other than zero, set the AC-DC-GND switch to DC
and toﬁch the signal probe to the reference voltage; then

use the POSITION control to align the trace with & reference

gréticule line,
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Voltage Comparison Measurements

In some applications & sét of vertical deflection Tactors

other than those set by the VOLTS/CM switch need to be used.
.This is convenient for nmeasuring signals that are ﬁultiplesl
of fractional volteges between VOLIS/CM switch positions. To
establish a set of deflection factors baped on some specific
voltage, use the following procedure:

L. Apply the new voltage reference signal to either Type
10A2 inpuf connector. Set the VOLTS/CM switeh and the VARIABLE
control so that the display covers an exact number of graticule
divisions., Do not move the VARIABEE control.

é. Divide the amplitude‘of the reference signal (in volts)
by the product of the deflection established in step 1 (in
centimeters) and the setting of the VOETS/CM'switch. The-

result is the deflection conversion factor.:

Conversion Factor = LrRlitude of reference sispal (in volts)
rsl = THuount of deflcction X VOLLS/CH switch setting

3. To calculate the true deflectlon factor at any position of
the VOLTS/CM switch, multiply the switch setting by the deflection

conversion factor.

True Deflection Factor = VOLTS/CM switch setting X Conversion factor,
This new set of deflection factor values applies to this channel

only, and only as long &s the VARIABLE control is not moved.

Accurate Dc Millivolt Measurements
Operation of the Type 10A2 at 0.0l'mv/cm may be quite common
when working with 50-ohm cosxial systems near the upper frequency

linit of the system. Measurement accuracy requires careful atten-
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tion to both the VAR ATTEN BAL adjuétment, and the input-staée
grid current, The VAR ATTEN BAL adjustment must be made first,
as described under "First~Time Operation” eerlier in this sec-
tion. | |
To check the inpuf stage grid current, worm up'the Type
10A2 at least 10 minutes, Check grid current»as'folldws:
; l. Set the MODE switch to channel in use.
2, Adjust the VAR ATTEN BAL control.
3. Set the VOLTS/CI’-’I switch to .01 VARIABLE to CALIB, and
| input selector to GND, ' |
| h. Center a free-running trace. Switch input selector to
DC and watch for a trace shift., If the tracé shifts, you may
wish to touch-up the internsl GRID CURRENT ZERO adjustuent in the

affected channel, See Section 4, step 1-J.
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CIRCUIT DESCRIPTION

General Informetion

The Type 10A2 Dual-Trace Amplifi

tical plug-in unit

tains two

attenuators nor

-

mit lorge

|5
°

before beins enmnlific
when cwitching between ve
the drift ord noilse charactoristles
tlons of the VOLTS/CM switeh.

lhe Input Anmplifilers raise the

ositioning is added.

changes the input voltose oirmal to
signal. - Thus, the mositionlng is by

Input'Amplifier output. The FULL
the Input Amplifier and the POSITLON

inverting the display without inverting the

POSITION control.

for the Type 647 Cscilloscope.
vacuum tubes ond 3% silicon
simplified bLlooit diazranm,

slrnal anplivudics Lo be

ricus defleetion {actors

The Imput Awpl

.

er is a wide-band ver-

It cone-

.;.

The VOLTS/CM

roeduced

Toe emplifiier jain 1s not changed

, hkeeping

wamd for all yposi-

»

slonnal level Wefore

10y coventially

an odnternal Lurrvnt

surraent oi'f'set of the

SVART switeh dis between
control to permit

ﬁétion of the

The Chamnel 2 Input Anplifier sends an isolated signal

to the Channel 2 Trigger Amplifier.

The Channel 2 Trigger

Amplifier sends the Channel 2 signal to both the Trigger

Amplifier (for internal triggering) and to the front panel

CH 2 OUT comnector.

The Switching Circuit accepts one channel at a time or

both channels together for use by the Output Amplifier. The

MODE switch sets the conditions of operation of the Switch-

ing Circuit.
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The Output Amplifier sends an lsolated output sipgnal
to the Trigger Amplifier for internal trigrmering.
The Trigger faplificr roceives inCorortlion Trom olthor

.

Tt W

through the TRIGGER switch. Thus, the Time-Pase unit c#n be
triggered either from the (cqmposite) vertical information,
or from Channel 2 infornation oniy.
Input Circuit : | '
The Type 10A2 input ceonnectors are the BIC type. The in-
put signals pass through frequency corpensated voltége dividers,
except at 0,01 volts/cm. A1l deflection factors present 1 meg
paralleled by 20 pf to the input circuit (See Fig. 2~-2 and Fig.
2-3). Each position of the VOLTS/CH switch (see Attenuators
scheuatic diagram) is individually adjustable for‘input copaci-
tance and fregquency conpens&tion. This system perwmits the full.
bandpass of the instrument to be used at all deflection factors.
Each attenuator is wade up of two or three resistors inrser~
ies and two capacitors in series, forming a frequency counpensated
attenuator.» An addiﬁional;small shunt input capacitor pernﬁts‘

adjﬁsting each attenuator to exhibit a 20 pf input.

Channel 1 Input Amplifier

Input tube V133 is & cathode follower that drives the Input
Amplifier. Thevplate voltage fér V133 comzs from casceded emnit-
ter followers Q123 and QL33. By adjusting the platc voltage of
V133, its cathode voltage is set to the correct value of about
4+1.2 volts. Any grid current of V133 is offsct by a swall nega-

tive voltege set by R117, the CH 1 GRID CURRENT ZERO internal control.

E-306 10A2 CIRCUIT 7-21-63 TEK 10A2.IRB



The cathode voltagé of V133vis adjuétedrﬁo be‘équél t& tﬁé -
voltage at the junction of Rl35~Ri36. The GAIN ADJ (R138) and
VARIABLE (R1l4h) resistors have no de current through them.

‘Thus, either control can be turned without‘shifting the crt
display vertically, The base current of QL54 (that would

otherwise apply current to the VARIABLE control) is
canceled by Rluo, the leu BAS' CURRENT internal control.

By proper adjustment of the piate Qoltage and grid

current of VlB), and the base current of leh, the GAIN ADJ

b)l\pﬂ : mpu{ ..4(3 m[ /'«_*. 230,

and. VARIABLE controls pass no dc cufrent. \
pashs pul o

Q1l54 45 one-half of a, parephase amplifier, (with fixed

{

SO ..j)'l,i ,

emltter degcneraﬁion) that drives a second p@pﬂghase ampli-

R4

‘fie%\Ql7h~Ql8h. The GH 1 GAIN RANGE centrol in the emitter

[T

circult of QL74-Q184 permits adjusting the total Input Ampli-

fier gain so the front panel GAIN control has its proper

'

range of adjustment. , ‘ Cxx,ts
. oS 1‘
(~,
- The dc balance of the two paraphase ampllfierg is set
BAL
at the base of Q16u by the CH 1 INa control, R16o. R160 o

gmvenw%hcwnenmf*ém&irIhf“\gecauuomnb is adjusted durlng
calibration/by.using the PULL TO INVERT sw1tch to check the
amplifier balance. | | ‘ "
The de level of the push-pull output leads of thé‘Input
Amplifier is set by varying the supply voltage to QL5k= 0164 |
‘ COM MODIL
with.the CH l CURRENT control RlSO
First-order temperature compensation of QL74-Q18Lk is by
D157 in the base ground-return lead. The change in voltage

‘across D157 with temperature change is almost equal to and

is opposite the‘change across the base~emitter diodes of
- QL74-Q18L.
TEK 10A2 IRB 7-21-63 10A2 CIRCUIT E-307




Protection for the Common Base s;t'age QBO&-Q}:LM-“ from
overdrive is by Dl92-Dl93 Should the signal to one of the
common base amplifiers be great enough to reverse bias its
emitter-base Junction, one of the diodes will conduct i,

Conduction of D192 or D193 prevents the reverse biasing,

RIS RS P AN

*ssazr“v}a rapid amplifier recovery aflter overlomd.'

P, L T I N ) o T /?'u(‘/
ST T C'u' SOREINT G:Ju/ A S SR R RS T

- A
3 . . * n-\'-‘w;‘*f\" Pt s
Congrped son e od R '

.»‘

"l"ne Input Asplifier conzol.boeaovseoniy anniyoed with
s .
Q)
pnoocelllcsocn s oo wanoaran Vo) T i e TS L St (3
v " ~ - /1 B ’
e , A ! .
CEHhleanerte Do ochow thelt o aail Lo trua, LUl e del eewsnapags DASWS
B N 'I .
voltaze and curront Al Amplltiior.
Approximate Veoltease and C Diput Ampld fder
Test Point| Approximate Mv/Cng ,rf*ﬁ = earront
Trapedance :
Q154 Base | 2600 0 o)
Q154 Collaver 11k O
QL74 Base 200 0 AcllUBy fLes
~ . . N ! 1
QLTY COuf«.w 95 Q SRoTn | »
- . T

Ql?h collector drives ccmmon-broe erplitlon JA0h throash

R190 and R191 (PULL TO INVAERT switah yuchosd 1n).  Abca ‘:I ’

mv/cm signal can be measured at the cmivioer of s oven
though it is being driven at 0.109 mn/on.  dheeasiiial-vadioe

sat-the.,collector of [QLTH, dvopned fully woroces RIOU wal iivds

 «in.series, . sets the-currenv-drive io G

Fig. 3-2 shows the dc current end voltege conditions of
» the sw1tch1ng diodes, except for. AbudD nmode of operaiicn.

4\”‘/‘« “'I_,* /I’»;

From Fig. 3-2 and the Channcl 1 Input,dingzam YO Can Lo
v

'
)
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that measuringddc level or signal voltage at the collector

. Ay
of Ql?%ﬁydoes not indicate that Channel 1 is being displaycd.
) ' _ _ . . L.
Common-Base - Stage of Switching Circuit : S
The '"pentode-like" characteristics of the collectors of o
Q304 -Q314, and their common-base circuit, permit their col- NI
e
) . . . . R Y
lector voltages to be changed without affecting the Input N
\ .
Amplifier. The switching multivibrator, Q345-¢355 divcrtﬁ" ' 2
: ’ .
. : Yo §
the collector current of the cominn~baup stege of the changel §
' . ()
Q3 2 - o . ! ! ) o
not being dlsplayed.}17~a'J Shieveg %?WT U\krwn-wtq IR
ADDED mede of cperation cormbines :he of” both
input emplifiers. ( Fir, 5-%) This, 12 e ade
0 N l o . - '
in each base leed frem,GRL2-0025. R3O and BIAD are placed
in parallel with the current supply Lo tho common base
stages, RILL-RELT cn one oide cnd BADL«0C47 ~n (he othor slde,
N )
The de current fowse thrcugh the rosistere nooenlly need Dov "
‘single channel orerabtion romains Lo oo Thoonw it oy
maltivibrator is set co it docs ndb oum ureont o either A
. . N . :\‘ :.
channel commor=base siaco. : . Q"
Output Amplifier ' O

The voltaze level at tac base of Qilh-
3 RN

Ghas (40,0 valts) ¥

is set by the cmitter return voltoze o ¢Wli-ghlh.  The base- 3
: R
emitter dlode drop of cach transistor is about 0.7 volts, 9 N
, v
. Al
elevating the 5.1 volts at the emitters of QU3L-ghll to o.60." N
X N TR s
volts at Lhe ba°ea of Qh13-gh23. ‘AM-:M*" N
nd . ui’ R
ﬂbl}l&h2g are each-en emitter folloveri Their emittoers 3
are isolated so they are not in pas se.  QUSL-QhLl emit- O

ters are also isolated, but feedback to their bases make them:.

~a~..(

T
part of the.n&raﬁnaﬁe output pair QUSh-Qh6k,

current of the Output Amplifier three transi

'

TEK 10A2 IRB 7-21-63
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E-310

§
|
|
l
i
i
|

i
l
i
'
)

set at the bases of th)~Qh25 by ~the MATN AMP CURRENT con—r
trol/, R556 RH36™ 5 both the amplifier B 806 ouilput de

LQ Ve Lies

5e’

Pl feedback r651stor§1,RM59 and R469 }eduee~the cur-

'rent gain of-%he~{ouf output trdns73tors QMBM Qlkl and QUSk-
pat T
QHGM to a wouy low velue so the stage current gain will b

.-fem&%nﬁconstunt~withw3 chang04~duewhomtampumauurevchanpea“

'!(‘IH]:(A '/‘l e /(/ v/‘vA/l\[r ,“."'y," N /. Sy

/ wTL 9-2 shows the voltaae gain and current gain data
’0
for the Output Amplifier.. ’ 1 o B

)i
LEARR B2
/k/

Approxinate Voltege and Cu“rent Gains of One-Half the CQutput A

Y,
A
\/lg (1(3”‘/ H\cj «NU" /C‘u ‘!‘r)l)“/*';:* ¥>")-.* Hﬂ! [.zf*‘ ‘;ﬂ)\”"”/(”/" o

Te POLﬂu;Aﬁ imate !ov/Cm Ma/Cm [Gain: A = Voltase/{'G = Curront
| Imps nac | : ‘
‘/u - ,.,""\A
. o
e b e e
50 2106 S !tn Qh3hET Av0.554 g=2lY
e LS50 0 08 e
1.7 k L8 (% wvﬁ v /O only thooreticall)
3
o T 1~ N .
~ b6 il ‘ ”4 4) to ﬁl hoy o A=bE M)
) o \ A . L L ‘_,,‘,,'.,..,',
95 N 3%{9(0.&?’* > b g ’

]

PR )
#*Note-difference. between-0h1% bace current and Q501 enitter currant i

»due~t0~Q§OM~base current.

‘{J

Channel 2 Input Amplificr

R

The Channel 2 Input Amplificr is identical wilh i

Channel 1, except for the. trigger tﬂkﬂinf »oint in the

HOA AT

emitter circuit of Q27h-0284.  The cmitter—circuit resistors

EOXN ::,"‘f',\“ s Al aw o o

have. bzen-changed - from Channel 1 to keep the caitter degencra-

tion the same while providing the trigger tokeoll as il

ot

an emitter follower. The Channel > trigoer sirnal goes irst

10A2 CIRUIT 7-21-63
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to the base terminals of Q504-Q51k, then to the TRIGCER switch.

Trigger Ampllflers

fier are similar amw&ﬁ* fwrs with low input impedance and hth--

The Channel 2 Trlggcr Amplifier and the Trigger Ampli-

el

current output. Each has a ut&blliZin“ fcodbac} loop that

\m (\” c(rm".\w'i'r R IR

i

keeps the stage current galnﬂeenﬁtunb-regarulGBSvof»changru

~of-f-with--temperature..change.

S

ignal voltage and current data for both amplifiers is

Tl

[

in €r§%“ 5-5%. The information is based upon the TRIGECER

switch being at CH 2 ONLY.

Approximate Voltage =

TRIGOTR swite

of One-Hell the Trigzers Amplifiers,

o e . A e .- .
Test Point Y vafom | Gnin: A = Voltaso: ¢ = Currend
PR = =
aosch, g 0.5 '
0529 Doose TS ! e b .
— /. \ o W T . g
Tean Sk F=ta SILR I Teo(0 o e
! | Ee [.C akbee Q5CHs to C‘,,)Q_};': : e G = e
) e it 5 .
PR I Pl T, }. Al
YO e [o aiman o f
7 Y
&y LI Tl ng7le W . - > ”
fen a7 G55HE to 057hC: A W TO: G = i

Dual-Treoce Swite

N 3

hing Yultivibrator

The dual-trace multivibrator transistors Q345-0%55 con-

s

-duct current only when the MODE switch is at either CHOP ox

ALTE

R. 1In the/ﬁ%opped mode, the emitter leads are connected

to thﬁ ~l)~volt supply thrcugh R3L5-R355 and the primary of

IS

T)?l /\To prevent the Blwnkwm Arplifier Trom sending an v«

\»,.. v de o Lo N . - -0 A RO et

alternate~trace blenking pulse to the Type oh, R369 and

D%69 lower the voltage level of Q)7M emitter far cnoush to

TEK 10A2 IRB

7-21-63 10A2 CIRCUIT

., “
Ny

E-311




effectlvely disconnect it from RBMS R%55. R569 lirdits the
current in the primary of T371 to prevent any significant
signal from being applied to the base of Q37khk.

The voltagcs at the multlvibrator tc t pot Ls are

listed for all modcs of operation in Gm i ) -The emitter

// 41

voltages listed in~vrj v 3-4 do not indicate transistor con-

duction for Ch 1, Ch 2 or ADDED, but rather are a measure of

the base voltage set by the base divider resistors.

Switching Mulitd
Test Point | CH 1 ADDED
TP 35 | 2.8 0.8
TP 555 | aLe +2.8
eSS Bnte | 42,0 +2.0 ¢
j A
9355 ity 1 42, +2.0 .
\<\
SAONAT
# Meter: 20,000 0/volt. ot
(PR
' ‘L\‘? ¢
Chopped ldode Opcration : R
bevl ey BRI
The multivibrator is-gf non~saturating»ﬂu mowith the N d&
nefusel cenncet Vear settorg S dnd ¢
switching time-constant, between emitters. Thukséﬁnmwix g}
eonsiant- network—in~each~buse-lead-is- only fos Jusi, sognnd

coupiing-to the base.

Chopped\mode multivibrator waveforms are shown in IMig.
3=k. They show that the emitter of conducting Q345 (Q34SE)
rests at +2.5 volts until the enitter voltage of Q%55
(Q355E) falls to =1.6 volts at the flip poinﬁ. As the flip
action begins, Q345 cuts off; its collector goes positive
(TP 345) taking the basec and emﬁ;ter ol Q355 positive; As

the emitter of Q355 rises, it takes the emitier of Q345 to

E-312 10A2 CIRCUIT - 7-21-63 TEK 10A2 IRB
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++.3 volts via C3L8, am‘urmu that Q345 goes deep into cut-
off. Then the r-c fall of C348-R3LU5 takes Q545 emitter nega-
tive (the. slope from +4.3 to -1.6 volts). As soon as Q345

3//, N /,“/(‘(l/ .
emlttexls®aehes its bauc voltaﬂe the multivibrator flips

back to the first conditlon.
NOTE
Fig. 3-4 through Fig. 3-9 were taken wibth «
Tektronix C-12 Camera, a Type 535A Oscll~
loscope with Type CA Dual-Trace Plug-In
Unit, and twé lOXle Megl probes. The

oscilloscope was externally triggered

feom TP 345 and the plus-in unid exsiakaahalatal
in the Mterna te ) lode.
Crt Blonkiny h W
! foe 1
Ll s
The Type 647 crt is blonked @a-cnioll during the, Chopped | g
4 . .
)-/iode switching time of the Type 1OAZ. The blanking pulse is RN
. i Ty
SR
generated by 0374, Q383 and Q390. Ll e N
durn s RTEER \". R
Q3 (h is enfr'uzod by the MODE switch and <me-lishithy L%
(}f" 'jl “ .2 /\J’;:*4\_3‘"v 'L/) J/.;‘f'f‘ o h (u, }Qt}\': N, ' \‘
Muane&*onwmvh,.\L(,.wcollr.-.cLo -at about L)rcuuu cndcite base at o
A
about. -11.2 volts.  (The ducoun] ald I ~)~v07t supply 1o about \\ b
=11.6.volss. ) As the multivibrator flips, the positive N R
:‘; 2 "
[ B .
pulse from the multivibrator emitters 1s coupled through T571, ,)T‘ L !
] . : W
in phase, to the base of Q37h. Q3Tk turns on to saturation o N ~
i N

[
N

collector falls to about ~12 volts. See Tig. 3—)1. (K: N

and its
(3} H
The signal to the base of Q383 is greatly qttenuatcd by Rj’( § R
/ N ' NG ;s Lo T’) /{ Q \;, o
and R375 in series to ground. /\C (e vl N S
0.7
The base voltage of Q383 rests at about involt when
££
Q i)
Q3ThH is ,\noi;msaturatec’c. The emitter of O.,Bup is at about zero
7-21-63 v ‘10A2 CIRCUIT
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volts. 'See Fig. 3-6. (387 is at zero volts keeping Q390

at cutforf. As QTh saturates, Q%383 is cut off and its em1t-,
“ Pl euvrenl M"an

«

ter gtarto to fall at a rate set by c387 /

/AL" \ux'ﬁv

" A

conducts and regenerates in blocking oucillator action.

") o ,(

w;‘

f?,.f;%r 585G 38

ﬂuwh)OQk As soon as C387 reaches about ~O.)~volt Q390 .

twe—%ur%’w1nd1nb of T390 takes the base of Q390 fram ground

to about ﬁ%'volts (Fig. 3-7) and sends about 100 mv of signal

through D392 to the Type 647. The pulse lasts sbout 0.08

psecond.,
Alternate Mode Operation

When the MODE switch is at ALTER.

Q364 is energized and

Q345-Q355 emitters are connected to the -15-volt supply

2364,

through D348~ Djb8,and “/u . The multivibrator emitter

impedance is such thau a trlgger is required

srp el 4o
[SAAAIR VI Se Y

Type GL7.

volts, and goes rapidly to ground at the end of each

[

See Tig. 3-8,

. at terminal 17 rests

before it will

at about +5

The alternate trigver amplifier base voltage is about

-10.9 volts, (the decoup] ed -15-volt supply is aboutb -11.6

volts) and the collector voliaze is about -11.5 volts; Q0L

iz saturaved. The Junction of D)wouo)gﬂ and B3G5 vasts ot

0555 Fime sy The CLnductln” transisﬁor e

lyens ac C‘f‘»:,(/v"" 4 e et o S

cewt off and a-vegenarsilve- owitch-to-the
causes Jlg O//‘/“"’“ a
tokes-place. he bisteble-maltivibrotov

E-314 10A2 CIRCUIT

kxl/J/;/T‘,y/-;r Yot e

rigzger aywrives at the base ol Q30

~to the ea;LLur clICh~t of Q5!

E P PN e
QUL ¢

.
O

e/

~
o
RN

1

“Jk

willrerain at the
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new state untilwanother trigper pulec. arcvives and the conduche

ing- troncistor has its emitter raised positive. ?hﬁs, the
successive

Time Base negative trigger at ths end of, eawhr sweep)switches

the display first f%g channel 1 to channel 2 and back.

The relationship between the alternate mode triggers to
the bistable multivibrator and the voltages that control the
channel diode switches is shown in Fig. 3-9.

Voltage Source Transistors
Two voltage-setting emitter followers provide special

supply voltages within the Type 10A2. They are: QU8%, dia-
‘ baian /-;i"w’);’(_i?az/'bg
grammed with the Switching Cirecuit and Output Amplifier, and
; scheue (v
i Q593, diagrammed with the Trigger Amplifier. Lach transistor
_ Souvees
provides two low—current level voltagezﬁfor special use. The

voltage value is set by two precision resistors in the base
lead. QU483 supplics +5.9 and +4.8 volts, and Q593 supplies

-3.45 and -4.2 volts.

TEK 10A2 IRB 7-21-63 10A2 CIRCUIT E-315
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ABBREVIATIONS:

cer
comp
emc
emt

L. sec
n

nsec

Q

p

pbt

pcc

pf

piv

pmc

poly

prec

pt

ptm

sn or S/N
tub

v

var

W

WWwW

F-26

ceramic

composition

electrolytic, metal cased
electrolytic, metal tubular
guaranteed minimum value
henry

kilo (107)

kilohm -3

milli (10 7)
milliamp
megohm
millihenry

metalized, paper tubular
mylar, tubular

millivolt

micro (10 )
microfarad

microhenry
microsecond
nano(10'9)

nanc second

ohm

pico (10-12)\

paper, "bathtub"
paper covered can
picofarad (u pf)

peak inverse voltage
paper, metal cased
polystyrene

precision

paper, tubular

paper, tubular molded
serial number

tubular

working volt, dc
variable

watt

wire wound
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10A2 SWITCHING CIRCUIT and OUTPUT AMPLIFIER



