
INSTRUMENT REFERENCE BOOK 

for the Tektronix type 

1OA2— 

dual-trace environmentalized 

plug-in unit 

For all serial numbers 

ih ; 

| i LOA2 IRB 7-21-63 1 



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

7-21-63 10A2 IRB 



GENERAL DESCRIPTION 
General Infornation 

The Type 1OA2 Duel-Trace Amplifier plug-in unit is part of 

& wide-band oscilloscope system desisned for severe environmontal 

operation end storage. It contains two identical vertieal PMOCHIp 

Lifiers that can be used sinsly or combined for a variety of Incasure- 

ments. The Type 1LOA2 operates in the Type S47 Oscilloscope. 

ELSCERICAL 

The following electrical characteristics are divided into 

General operating characteristics and envirommental specifica- 

tions. All data applies to the Type lOA2 as operated in a Type 617 

Oscilloscope. 

Deflection Factors 

Each channel has eleven calibrated steps from 10 mv/em to 20 

volts/em in al, 2, 5 sequence. A variable control vith at 

least a 2.5:1 uncalibrated rance extends the waximun deflection 

factor to 50 volts/cm. 

Calibration Accuracy 

- Adjustable to 0% at LO mv /em at the front panel. 

Attenuator Accuracy 

+2% from -30° C through +65° ¢. 

s - ae ". {, 4 " Typically 6.4 usec, never lonzer than 7 nsec, 10% to 90% for all J 3 / / 

positions of VOLTS/Ci4 switch. 502 signal source impedance with 

502 termination at the Type LOA2 invut. 

Frequency Response 

De to 50 ne, Ac Coupled: 2 ens to 50 me. y 

Input Ti ocdanece 

Lomegonm paralleled by 20 pf. 

6 asieven. Eivpwo Vollsc ce 
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A 36 

Type 1lOA2 

Operating Modes 

Channel 1 only, normal or inverted. 

Channel 2 only, normal or inverted, 

Alternate between channels. 

Chopped between channels at l-mre rate, 

Added algebraically. 

Channel Isolation 

At least €0 db, up to 20 me. 

Maximum De-Coupled Common-Mode Signal 

50 X the VOLTS/CM switch setting (limited to 600 volts at 20 

volts/em) for linear display operation. 

Algebraic Subtraction Common-Mode Rejection Ratio 

At least 20:1 throughout instrument bandpass for common-mode 

signals up to 10 em, 

Display Linearity 

A l-cm centered signal will not change anplitude over 41% when 

-offset to top or bottom of graticule. (Offset voltage externally 

applied and POSITION control centered, ) 

Trace Drift 

At 25° C ambient temperature: typically 2um/ hy , not more than Sun/hr. 

Internal triggering Information to the Timing Unit can be selected 

from the common output amplifier or from the channel 2 input signal 

only. Signal to the Timing Unit allows relieble internal trizcer- 

ing to a frequency beyond the bandwidth of the Type 647 system. 

De Trace Displacement | 

Less than +1 em/20° ¢ from ~30° ¢ to 165° C, 

Channel 2 Output Signal — 
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Front-panel BNC connector labeled CH 2 OUT is = de coupled signa 

from channel 2. Output level centered at ground, Output signsl 

100 nv/en weloved to ort disvlay, 

Owing di 

TAPP ROR mat GeViRCl Sh PAL 

Ac Gain Stability 

Displey Signal £1.59 , £39 

CH 2@ OUD Signal , ht | LON 

3 Db Bandwidth 

Display Signal 

me vin. me min. 

CH 2 OUT 20 me min, 20 we’ win, 

Chopped Mode Frequency, 

L Me £10% £15% 

Storage 

The Type 10A2 Dual-Trace Amplifier can be stored alone, or in 

the Type 647 Oscilloscope at any temperature between -65° C and 

+85° C. After storage at elther extreme, the instrument must be 

allowed surficient time for all components to return to the oper- 

* e i oO Oo 

ating embient temperature ranze of -30° C to +65° C. 
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MECHANICAL 

Construction 

Alunminum-alloy chassis with chrome-plated brass side rails. 

Finish 

. Photo-etched, anodized aluminum panel. 

Dimensions 

6 1/4 inches high, 4 1/4 inches wide, 14 1/4 inches deep. 

Weight 

5 pounds net. 

Accessories 

: - 1 Sa ry “ 

2-Instruction Manuals Tektronix Part No. 070-376. 
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ABBREVIATIONS: 

cer 

comp 

emc 

emt 

gmv 

h 

ULSec 
n 
nsec 
Q 

p 
pbt 
pec 

pf 

piv 
pmc 

poly 
prec 

pt 
ptm 
sn or S/N 
tub 

Vv 
var 

Ww 

Ww 

ceramic 
composition 

electrolytic, metal cased 

electrolytic, metal tubular 
guaranteed minimum value 

henry 

kilo (103) 
kilohm 

milli (107%) 
milliamp 
megohm 
millihenry 

metalized, paper tubular 
mylar, tubular 
millivolt 
‘micro (10-°) 
microfarad 

microhenry 
microsecond 

nano (107?) 
nano second 

ohm 
pico (10-12) 
paper, "bathtub" 
paper covered can 
picofarad (uf) 
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: 

+ 
X000 

O00X 
*0Q00-000 

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 

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

7-21-63 TEK 10A2 HPL



ELECTRICAL PARTS 

Values are fixed unless marked Variable. 

Tektronix 
Cht.Now | Purt No. Deseription — 8/N Range 

Bulbs 

B19 150-030 Neon NE 2v 

Blu4 150-027 Neon NE 23 UNCAL 

B219 150-030 Neon NE 2V_ 

Bekh 150-027 Neon NE 23 UNCAL 

. . Capacitors 

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

3V = 50V = -10%,+250% 
51V = 350V = -106,+100% 

351V = 450V. = -10%, +506 

C101 #285 -634 ol pf MI 600 v 

c102 281-558 18 pf = Cer 500 Vv 

C103 281-064 21.5 pe Tub. Var 

CLOLA 281-534 3.3 pf Cer £.25 pf 

CLO“ 281-064 -2-1.5 pf Tub. Var 

c1olc 281-081 °1.8-13 pfs Air Var 800 v 

C1LOMD 281-592 4.7 pt Cer | £.5 pr 

CLOSA 281-572 6.8 pf Cer 500 v.16, 

C105B 281-027 | 613. vf Tub. Var 

- c10sc 281-027 7-3 pf =‘ Tud. Var 

C106A 281-572 6.8 pf Cer 500 v. 10% 

C106B 281-027 7-3 pf Tub. Var 

-C106¢ 281-027 1-3 pe Tub. Var 

CLOTA 281-572 6.8 pf Cer 500 v 10% 
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C107B 

C107C 

CLOTE 

CLOSA 

C1O08B 

c108¢ 

C1O8E 

C1O9A 

C109B 

C1O9C 

CLOSE 

CLIOA 

C110B 

C110¢ 

C1IOE 

C1LIA 

~ C1113 - 

C111¢C 

Clll1E 

C112A 

C1128 

C1l1l2ec. 

C112E 

C113A 

C113B 

C113¢C 

C113E 

B-28 

e
e
 

e
e
?
 

ee
e”

 
R
a
 

C
e
 

W
e
e
”
 

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 (Con‘.'d) 

07-3 pr 

-7-3 pt 

27 pf 

8 pf 

oT-3 pf 

® To3 pf 

47 pf 

.8 pf 

o{-3 pf 

»2-1.5pf/100 pf 

8 pf 

-2-1.5pf/200 pf 

-(-3 pf 

-2-1.5pf/500 pf 

8 pf 

o(-3 pf 

.2-1.5pf/1000 pf - 

8 pf 

® 773 pf 

281-074 .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 

tof 

t.5. pf 

1Op 

t.5 pf 

10% 

t.5 pf 

1Op 

£.5. pe 

LO 

£.5 pf 

of 

_t.5 pf | 

10% 
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C118 

C123 

C130 

C131 

C132 

C134 

C159 

C169 

C176 

C192 

— C193 

C199 

C201 

C202 

C203 

C204A 

C2O0hB 

c2ohke 

Ce0hD 

C205A 

C205B 

C205C 

C206A 

C206B 

C206C 

TEK 10A2 HPL 

— 281-614 

283-079 

285-622 

283-079 

281-519 

283-081 

281-577 

. 281-081 

281-081 

281-504, 

281-504. 

290~183 

¥285-634 

281-558 

281-06}, 

281-534 

281-064 

281-081 

281-592 

281-572 

281-027 

281-027 

281-572 

281-027 

281-027 

Capacitors (Cont'd) | 

©0068 pi 

OL wt 

ol wit 

0OL pt 

47 pt 

ok pit 

Lh pe 

1.8-13 pr 

1.8-13 pf 

LO pf 

LO pr 

L pt 

ol wt 

18 pf 

e2-L1.5 pr 

3-3 pr 

62-1.5 pr 

1.8-13 pf 

4.7 pf 

6.8 pf 

eT-3 pr 

7-21-63 

Cor 

Cer 

PIM 

Cer 

Cer 

Cer 

Cer 

Air 

Air 

Cer 

Cer 

EMI 

Cer 

Tub. 

Cer 

Air 

Cer 

Cer 

Tub. 

Tub ° 

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 : 

500 

10K 

5% 

£.25 pf 

£.5 pr 

Of 

LO 
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C207A 

C207B 

C207C 

C207E 

C208A 

C208B 

c208c 

C208E 

C209A 

C209B ' . 

C2090 

C209E 

C210A 

C210B 

C2100 

C210E 

Cella 

C2118 

celic 

C2118 

Cel2a 

C212B 

Ce2lec 

C212E 

C213A 

Pa
ng
a 

Mn
gt

” 
Cr
es
t 

R
a
s
t
”
 
Pe
na
 

Wr
ea
th
 

R
e
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e
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e 

M
e
”
 

S
e
n
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ee
? 
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e”
 

C2133 

B-30 

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 

261-027 

281-072 

281-503 

281-027 

281-073 

281503 

281-027 

Capacitors (Cont'd) 

6.8 pf 

ef-3 pr 

oT-3 pf 

27 pt 

8 vf 

-(=3 pt 

7-3 pe 

47 pr 

8 pr 

27-3 pt 

-2-1.5pf/100 pf 

8 pf 

e(-3 pf 

 ,2-1.5pf/200 pf 

8 pf 

+.7-3 pe 

»2-1.5pf/500 pr 

8 pf 

7-3. pt 

.2-1.5pr/1000 pf 

8 pf 

7-3 pf 

10A2 ELECTRICAL 

Cer 

Tub. 

Tub.» 

Cer 

Cer 

Tub. 

Tub. 

Cer 

Cer 

Tub. 

Mica 

Cer 

Tub. 

Mica 

Cer 

Tub. 

Mica 

Cer 

Tub. 

Mica 

Cer 

Tub. 

Var . 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var 

Var , 

Var 

Var 

Var 

500 

500 

500 

500 

500 

500 

500 

500 

7-21-63 

£.5 pr 

1LOp 

t.5 pf 

1Of 

£.5 pf 

£.5 pf 

LOp 

t.5 pf 
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c213c ) 

C2138) 

C218 261-614 

0223 283-079 

C230 285-622 

C231 283-079 

C232 281-519 

C23h 283-081 

C259 281-577 
C269 | 281-081 

C271 281-519 

C276 281-081 

C281 281-519 

c2g2 281-504 

C293 281-504, 

C299 290-183 

C343 283-084 

C3uy 283-080 

C348 283-088 

C353 283-084 

C354 283-080 

C366 283-08), 

C371 =: 283-080 

6382 283-080 

C387 , 283-084 

TEK 10A2 HPL 7-21-63 

201-074 .2=1.5p£/2000 pe 

e 0068 a £ 

0OL wt 

ol ut 

oOl pf 

KT pf 

ok ut 

14 pt 

1..8-13 pf 

47 pr 

1.8-13 pf 

LT pt 

LO pf 

LO pt 

1 ae 

270 pf 

022 pt 

eOO11L pt 

270 pf 

.022 uf 

270 pf 

0022 pf 

O22 ut 

270 pf 

Capacitors (Cous'd) 

Mica 

Cer 

Air 

Cer 

Cer 

Cer 

Cer 

Cor 

Cer 

Cer 

Cer 

Var 

Var 

Var 

500 

250 

LOO 

500: 

800 

500 

500 

20 

1000 

25 

500 

1000 

ae) 

1000 

a) 

>) 

L000 

, vos 

LO 

10% 

5% 

5% 

5% 

oP 

5% 

1O0A2 ELECTRICAL B-3 1 



.. Capacitors (Cont'd) 

B-32 1OA2 ELECTRICAL 7-21-63 

©6390 283-080 6022 wh Cer 25 ¥ 

clsg 283-081 | lyf Cer a5¥ 

ché2 281-578 18 pe Cer : 500 v 5h 

Cho7 | 283~080 6022 pf Cer | 25 v 

clos 283-080 6022 wf Cer 85 

C550 281-519 “7 pf Cer | 600 v.10 

C560 281-519 MT pe Ger 500 v 104 

| Diodes ' 

D125 — 152-061 Silicon 6061 

D133 ¢ #* 152-075 Tek Spec 

DIST. 152-141 Silicon 1N3605 

pig2 * 152-075 Tek Spec 

D193 * 152-075 Tek Spec 

D225 152-061 Silicon 6061 

D233 # 152-075 Tek Spec 

D257 152-141 Silicon  1N3605 

D292 * 152-075 Tek Spec 

D293 *# 152-075 Tek Spec 

D302 152-065 Silicon 1500 

D305 | 152-065 Silicon HD500 

D309 152-065 Silicon D500 

D312 152-065 Silicon  HD500 

D322 152-065 Silicon HD500 

D325 152-065 Silicon D500 

D329 152-065 Silicon D500 

D332 152-065 Silicon HD500 

D348 # 152-075 Tek Spec 

D358 * 152-075 Tek Spec 

TEK .10OA2 HPL



Diodes (Cont'd) 

D369 * 152-075 Tek Spec 

D387, 152-141 Silicon  1N3605 

D391 % 152-075 Tek Spec 

D392 | 152-065 " Silicon HD500 

Inductors 

L343 | 276-507 | Core, Ferramic Suppressor 

L353 276-507 Core, Ferranic Suppressor 

L390 108-226 100 ph | 

L392 ¥1,08-146 , 5 ph 

L43h *108-260 ol wh 

Ll = #1.08--260 ae: 

N65 #1160 ~yae.ae ph Var 

L50} #108-211 5 wh | 

51h #1,08-212. 5 ‘yh 

1527 ———-#108-260 1 bh 

1554 = #108~112 43 yh 

1564 ¥108-112 «3 yh 

L577 108-220 615 ph 

. Resistors 

‘Resistors are fixed, composition, £106 unless otherwise indicated. 

R102 315-470 WT Q a/h ow 5 

RLOLC 300-610 500k) U/k w : Prec 1% 

RLOWE : 322-481 1 meg 1/4 ow , Prec 1h 

RLOSC  °~——-:323-620 800 k /2wo / Pree lp 

ROSE —S«321-618 250 k 1/8 w Prec 1h 

TEK 10A2 HPL 7-21-63 1OA2 ELECTRICAL B-33 



R106C 

—RLOGE 

ROTC . 

| R1OTE 

R108¢ 

 R1LOSE 

 RLO9C 

R1LOQD | 

R1O9E 

R110C 

~ R1iLoD 

~ RLLOE 

~ R1LIC 

— RLLID 

R111E 

R112C 

RLLD 
R112 

~ RIL3C 

R113D 

R113E 

R114. 

R115 

R116 

R117 

323-611 

321-617 

323-612 

321-616 

323-621, 

. 321-615 

323-614 

315-470 
321-614 

322-625 

315-620 

321-613 

322-628 

315-220 © 

321-222 

322-629 

315-331 

321-193 

323-481 

315-300 

321-612 

323-481 

316-101 

316-104 

311-390 

1OA2 ELECTRICAL 

Resistors (Cont'd) — 

90 koa /aw 

ik. 1/8w 

950k = l/eaw 

526k  1/8w- 

980k, 1/2w 

204k . 1/86 

990 k | (1/20 

47 Q 1/4 w 

101k 1/80 

995. L/4ow . 

«62 2 few 

5.03 ko/Bw 

998 k | 1/4 w 

22 M9 L/h we 

2k 1/8 w 

999k fh 
33 a2 1/4 w 

1k 1/8 w 

lmeg 1/2w 

30 a i/how 

5002 @©1/8w 

L meg 1/2 W ) 

100@ 8 if/hw 

100 k 1/4 w 

25k Var 

Pree 

Prec - 

‘Pree 

Pree 

‘Prec 

Pree 

Prec 

Pree , 

Pree 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Pree 

Prec 

7-21-63 

CH1 GRID CURRENT ZERO 
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R118 

R119 

R120 

R121 

R122 

R123 

R125 

R129 

R130 

R132, 

R133 

R134 
R135 
R136 

R138 

R140 

R142 

R143 

RL 

R18 
| 

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 (Cont'd) 

1 meg 

“lo 9] 

Lk 

L477 k 

ok 

1u.7 

15 k 

15 k 

1k 

150 2 

ael5 k 

51 & . 

4.02 k 

383-0 

LOO ¢ 

25k 

23.7 

82k 

250 2 

1.69 k 

162 2 

100 2 

100 Q 

W6k oy 

215 4 

4Furnished as a unit with SW144, — 

TEK 10A2 HPL 7-21-63 

.~ # 

i/ 2M 

L/h ow 

1/8 w 

1/2 w 

1/4 ow 

L/h ow 

1/k ow 

1/4 w 

1/8 w 

| 1/8 w 

1/8 w 

i/hw 

1/2 w 

1/4 ow 

1/8 w 

1/4 w 

1/k w 

1/8 w 

Var 

Var 

Var 

Var , 

Var 

Var 

Pree 

Prec 

Pree 

Prec . 

Prec 

Pree 

Pree 

Prec 

Prec 

Pree 

Prec — 

5% 

VAR ATTEN BAL 

1h 

CH1 ATTEN BAL RANGE 

“ag 

5% 

5% 

GAIN ADJ 

Q154 BASE CURRENT 

CH1 COM MODE CURRENT 

1p 

1p 

1p 
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R158 

R159 

R160 

R161 

R163 

R164 

R165 

R167 

R168 » 

, R169 

R170 

RLTL 
R174 

R176 © 

R178 

R180 

R181 

R184 

R188 

R190 | 

R191L 

R192 

R193 
a R195. 

R196 

B-36 

3000211 

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-lel 

321-081 

321-223 

321-073 

321-073 

321-069 

321-069 

315-103 

311-389 

1OA2 ELECTRICAL 

Resistors (Cont'd) 

1.54 k 

100 

25k 

2.1 k 

115 2 

L6k o 

1.24 k 

215 0 

15k 

66.5 a 

oe 464 k 

178 Q- 

68.1 o 

100 a 

(2.05 k 

464 ke 

178 2 

68.1 2 © 

2.05 k 
ant 

56.2 $2 

56.2 2 | 

51.12 

10k 

2x 10 k 

L/h VV 

1/8 w 

1/3 w 

1/8 w 

1/4 w 

1/4 w 

1/8 w 

1/4 w 

1/8 w 

1/8 w 

1/8 we 

1/8 w 

1/8 w 

1/8 w 

1/8 w 

1/8 w 

1/8 w 

1/8 w 

1/8 w 

1/8 W 

1/8 w 

1/4 we 

Var 

Var 

Var 

Prec 

Prec 

Pree 

Pree 

Prec 

Prec 

Pree 

_ Prec 

Pree 

Prea’ 

- Pree 

Prec 

Pree 

Pree 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

' Preg - 

7-21-63 

1 

1p 

CH GRID CURRENT ZERO 

Uh 

Lh 

Ut 

1% 

1% 

CHL GAIN RANGE | 

Lip 

5 

POSITION 
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R197. 

R199 

Rede © 

R2okc 

ROLE 

. R205C 

R205E 

R206C 

R206E 

R207C. 

- ROO7E . 

R208 

R208E 

"R209 
R209D 

R209. 

_ R210C 

‘R210D 

R21L0E 

R211C 

R211 © 

R211E 

R212C 

R21eD 

Relek 

TEK 10A2 HPL 

315-103 

315-510 

315-470 

322-610 

300-481 

323-620 

321-618 

323-611 

321-617 

323-612 

321-616 

323-621. 

321-615 

323-614. 

315-470 

321-614 

322-625 

315-620 

321-613 

322-628 

315-220 

321-222 

322-629 

315-332 

321-193 

7-21-63 

Resistors 

LO k 

519 

47 Q 

500 k 

1 meg 

800 k 

250 k 

900 

111k 

. 950 k 

~—~§52.6k 

— 980 k 

20.4 k 

990 k 

UT Oo 

10.1 k 

995: k 

62 2 

5.03 k 

998 k 

22.0 

2k 

999 k 

33 & 

1k 

(Conta) 

Lkow 

if i W 

1/4 w 

1/& wv 

1/4 ow 

1/2 w 

1/8 w 

i/2u 

1/8 w 

 1/ew 

1/8 w 

1/2 we 

1/8 w 

1/2 W 

1/kew 

1/8 w 

1/k ow 

1/4 w 

1/8 we 

1/4 ow 

1/4 w 

1/8 

1/4w 

1/4 w 

1/8 w 

Prec 

Pree 

Prec 

Prec 

‘Prec 

Pree 

Pree 

Prec. 

Prec | 

Prec .- 

Pree 

Prec 

Prec 

' Prec 

Prec _ 

Pree 

. Prec 

Prec 

5p 

oh 

ip 

1% 
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R213C 

R213D 

R213E 

Re1h 

R215 

R216 

R217 

R218 

R219 

Re2o 

R221 

R222 

R223 

R225 

R229 

R230 

“R232 

R233 

R234 

R235 

R236 

R236 
R2hko 

Rehke 

R243 

B-38 

323-481 

315~300 

321-612 

323-481 

316-101 

316-104 

311-390 | 

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 

10A2 ELECTRICAL 

1 nies 

30 a 

500 F 

4 meg 

100 2 

100 k 

25 k 

1 meg 

10 @ 

Lk 

| LAT 

9k 

14.7 k 

15 k 

15 k 

Lk 

150 2 

2.15 k 

519 
4.02 k 

» 383 9 

25 k 

23.7 k 

82 k 

Resistors (Cont'd) 

1 / / 2 Ww 

L/h w 

1/8 w 

1/2 w 

a/h W 

1/4 w 

41/2w 

1/4 w 

1/8 w 

1/2 w 

Low 

1/8 WwW 

1/4 w 

Var 

Var 

Var: 

Var 

Var 

Pree 1 

5 
Pree it 

Prec 1% 

CH2 GRID CURRENT ZERO 

5% 

VAR ATTEN BAL 

Prec 1% 

CH2 ATTEN BAL RANGE 

Prec 1% 

“54 

oy 

WW | 

5% 

Prec , 1% 

| op | 

Pree 1% * 

Prec Ah 

GAIN ADJ 

Q254 BASE CURRENT 

Prec 1% 

5% 

7-21-63 TEK 10A2 HPL



Resistors (Cont'd) 

Re4 4 311-385 , 250 k 1/2 w Var VAR TABLE 

R248 322-215 . 1.69 i U/fhow Prec 1% 

R2k9 321-117 162.9 1/8 w Prec 14 

R250 311-258 100 © Var CH2 COM MODE CURRENT 

Reo1 322-097 100 1/4 w Pree 1 | 

R254 322-161 Hob o 1/4 ow a Pree = 1% 

R257 321-129 215 a 1/8 w Pree 1h 

R258 322-211 , 1.54 k 1/4 w Prec 1% 

R259 321-097 100 A 1/8 w oo Pree 1% 

R260 | 311-390 , 25 i Var CHe INV BAL 

R261 , 321-297 ik 1/8w | Prec 1% 

R263 321-103 | 115 2 1/38 w | Pree, 1% 

R264 322-161 «AOL 1/h ow Prec 1% 

R265 — 822-202 1.24 k 1/4 ow . Prec 1%. 

R267 321-129 5a 1/8 wv Pree It 

R268 322-211 — 15h k 1/4 w _ Pree ag 

R269. =~ 321-080 66.5 2 1/8 w Pree 

R270 390-197 hak | 1/kw Pree . lh 

Req 321-085 5 2 1/87 Prec 1% 

-RD72 321-097 a 100 © | 1/8 w : | Pree 1% 

R273 | 323-163 BT a /2w / Prec 1% 

R274 321-081 68.1 0 1/8 W Prec 1% 

R276, 311-258 a 100 a , Ver | , CH2 GAIN RANGE 

R278 "321-223 , 2.05k 1/8w - , Prec «1g 

R260. 322-197 , Lik: hw Prec Ih 

4Furnished as a unit with SW244, | 

TEK 10A2 HPL 7-21-63 10A2 ELECTRICAL B-39 



B-40 

Resistors (Cont'd) 

321~085 75 2 1/34 Pree Sh 

321-097 100 4 1/3 wv Pree 1% 

323-163 W87 Qo /ew ‘Pree lp 

321-081 | 68.1.9 1/8 w Prec 1 

315-120 12 2 1/4 ow 54 

321-223 2.05 i 1/8 w Pree 1% 

321-073 56.2 Q 1/8 wv Prec 1% 

321-073 56.2 2 1/8 w Prec 1% 

321-069 51.1 c 1/8 w Prec va 

~ 321-069 51.1 Q 1/8 w Prec 1% 

315-103 Lok’ l/hew 5h 

311-389 2x10k Var POSITION 

315-103 10 k 1/4 w - 5% 

315-510 51 a 1/4 Ww 5% 

315-270. 27% . 1/hw 6 

3214193 1k 1/8 w Prec 1%, 

321-201 lel k 1/8 w Prec 1% 

315-270 | 27 a 1/4 ow 5% 

311-328 Lk Var MAIN AMP DIFF BAL 

Lk Var MATN-AMP-CURRENT- 

321-193 1 k 1/8 w Prec 14, 

321-201 1.2L Ik 1/8 we Prec 1% 

315-101 100 Q 1/4 w 5% 

315-332 3.3 I L/w 5% 

323-125 1969 1/2 Prec 

10A2 ELECTRICAL 7-21-63 TEK 10A2 HPL



R3K4 

R3K5 

R3L7 

R351 

R302 

R353 

R354 

R355 
R357 
R36K 

R365 

R369 

R37 
373 
R374 

R375 
R362 

R384 

R387 

R369 

R390 
R391 
R392 
R411 

R412 

TEK 10A2 HPL 

© 321-213 

322-181 

321-249 

315-101 

315-332 

323-125 

321-213 

322-181 

321-2h9 

323-153 

315-223 

315-682 

315-224 

321-289 

315-332 

321-161 

315-152 

322-221 

315-330 

321-069 

315-221 

_ 315-221. 

315-222 

321-161 

321-080 

7-21-63 

Resistors (Cont'd) 

1.62 Me 

750 2 

3.83 k 

100 9 

363k | 

196 2 

1.62 k 

750.4 
3.83 k 

383 2 

22 k 

6.8 
220 k 

10 k 
3.3 k 

; 

Wok oO 

1.5 k 

1.96 k 

30 a 

51.1 2 

220 a 

220 A 

2.2 k 

" Noh a 

66.5 2 

1/3 

L / 4 

1/3 

1/4 

1/k 

1/4 
1/8 
1/4 

1/8 

1/4 

1/4 

1/% 

1/8 

1/4 

a/h 

1/4 

1/8 

1/8 

Ve 
t 

vr 

W 

W 

wo 

Ww 

W 

Ww 

W 

W 

W 

W 

W 

W 

W 

Pree 

Prec 

Pree 

Pree 

Prec 

Pree 

Prec 

Pree .. 

Pree 

Prec 

Prec 

Prec 

Prec 

Prec 

“1% 

1h 

1% 

1p 

5 

5% 

5 

1 

5% 

1% 

5% 

1s 

5% 

1% 

5% 

5% 

5% 

1 

1% 

10A2 ELECTRICAL B-4] 



R43 

R415 

R421 

R423 ; 

RMS 

| 

R432 

Rugh 

RUA 

R450 

R52 

RH53 
R454 

R455 

R456 

RUST 

R458 

R459 

R460 

REE 

RUG 

RUGS 
R466 

R467 

“R68 
RUBL 

B-42 

321-145 

| 321-157 

321-161 

321-145 

321-157 

322-133 

- 321-115 

321-115 

321-109. 

322-085 

381-629 — 

322-094 

321-630 

322-173 

323-137 

323-137. 

322-043 

321-109 

315-242 — 

322-094 

321-080 

322-173 

323-137, 

323-137 

322-193 

1OA2 ELECTRICAL ~ 

316 9 | 

422 2 

6k oO 

7 316.29 © 

hoe 9 

237 a 

1549 

154 Q 

133 a 

13 

93.1 2 

6.81 KO 

619 & 

261 2 

261 om 

27.4 & 

133 @ 
Bak 

93.1 2 

66.5 & 
619 a 

261 2 

261 & 

1k. 

ee 1/3 

1/8 

1/8 

1/8 

1/8 

1/4 

1/3 

1/8 

1/8 

1/4 

Resistors (Cont'd) 

4 f 

\ I 

wo 

We 

W 

W 

W 

W 

W 

W 

W 

W 

We 

we 

Pree 

Pree 

Prec . 

Prec 

Pree 

Prec 

Prec 

. Prec 

Prec 

Prec 

Prec 

Pree 

Prec 

Prec - 

Pree 

Prec 

Pree 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec 

Prec. 

7-12-63 

1/2 
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R482 

R483 

RUBS. 
RAST 

R44. 

| RUOE 

RIOT 
RL98 

R50l 

RLY 

R525 

R526 

R527 

R529 

R530 

R531 

R532 

R533: 

R535 
R536 

R539 

Rom 
- R5l3 

BSUS 
R5NG 

TEK 10A2 HPL 

321-173 

301-151 

315 +100 

3158151 

¥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 (Cou! 'd 

619 9 

150 2 

10 9 

150 9 

67 2 

67 van 

56.2 2 

75 2 

196 2 

196 a 

6k. a 
39.2 2 

34.8 2 

576 a 

25 k 

3.9 i 
750 9 
115 2 

Kok a 
39.2 0 

. 576 a 

82 2 

82 2 

10 k 

25 k- 

1 
L/le 

1/8 

1/8 

1/8 

1/2 

1/4 

1/4 

1/8 

VW 

+ OW 

Ww 

W 

W 

W 

W 

SW 

W 

W 

VW 

W 

W 

W 

W 

W 

Wo 

We 

W 

Mica 

Mica 

Var 

Var 

Prec 1% 

5% 

Sf 

5% 

1% 

1% 

Prec 1% 

Prec 1% 

Prec lg 

Pree 1% 

Prec 1% 

Prec 1% 

Prec 1% 

Prec 1p 

CH2 OUT DC LEVEL 

ye 

Prec 1g 

Prec 1% 

Pree 1% 

Pree 1% 

_ Pree 1% 

5% 

Sf 

Pree 1% 

NORM TRIG DC BAL 

1OA2 ELECTRICAL B-43 



RSM 
RESO 

R552. 
RSS 
R560. 

R561 

R564 | 

RSTH 
R576 | 

R577 

R579 
R584 | 

R586 

R589 
R591 

R592 
R595 

R597 

S51 

Sulit 

SW190 | 

Swot 

321-105 

321-065 

321-297 

— 321-127 

321-065 

321-297 

321-127 

323-181 

323-173 

321-073 

321-145 

323-181 

323-173 

321-145 

321-169 

321-230 

315-270 

303-221 

Unwired 

260-522 *262-566 

311-385 

~ 260-447 

311-385 

Wired 

260-522 #262-566 

Resistors (Com tel) - 

1e1 vi Us tw | 

LE. ¢ Vf3ow 

l2.1k 1/3 w 

— 205 2 , 1/3 ¥ 

46.40 1/8 

12.1 k 1/3 w 

: 205 2 1/3 w 

0a 8 1/2aw 

619% 1/20 

56.29 ° 1/8w 

316a 8 8©61/8w 

750 & 1/2 w 

619 a 1/2 w 

3162 = /8w 

562 2 1/8 w 

2.43 k 1/8 w 

272 1/he w 

220 2 _idlw 

Switches 

Slide 

+Furnished as a unit with R14). | 
4+4+Furnished as a unit with R244, 

B-44 10A2 ELECTRICAL 

Rotary 

Prec 

Prec 

Prec 

Prec 

‘Prec 

Prec 

Pree 

Prec 

Prec 

Prec 

Prec 

Prec . 

Pree 

Prec 

Pree 

Prec 

Rotary: VOLES/cM 

VoLTs/CM 

PULL TO INVERT 

7-21-63  TEK 10A2 HPL 

1h 

5% 

5%



Switches (Cur 'a) 

sw290 260-47 , Slide PULL TO INVERT 

SW350 260-524 Rotary MODE 

SW540 260~523 - Rotary TRIGGER SELECTOR 

Transformers 

T3721 4120-273 Toroid, Bifilar 5T-1LOT 

T3900  *120-273 Toroid, Bifilar 51-102 

Transistors 

Q123 *151-103 Tek Spec 

Q133 | ¥151-103 Tek Spec 

QL5 4 *151-109 Tek Spec 

Q164 *151-109 — Tek Spec 

Qi ¥*151-109 Tek Spec 

Q184 —¥151-109 Tek Spec 

Q223 ¥151-103 Tek Spec 

Q233 ¥151-103 Tek Spec 

Q25h ¥151-109 Tek Spec 

Q26) —  #151-109 Tek Spec 

Q27h ¥151-109 Tek Spec 

928k #151-109 Tek Spec 

930 — *151-109 Tek Spec 

Q314 *¥151-109 so, Tek Spec 

Q32h | | #151-109 | Tek Spee 

Q334 , ¥151-109 Tek Spec 

Q345 | *151-103 Tek Spec 

Q355 *151-103 | Tek Spec 

Q364 4151-103 Tek Spec 

Q374 .  *151-103 Tek Spec 

TEK 10A2 HPL 7-21-63 10A2 ELECTRICAL B-45 
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9383 

9390 

Qh13 

Qhe3 

Qu3l 

bbls 

Qusi 
Quen 

ala 
Q5ok 

Q514. 

9523 
9533 
Q55h 

b56h 

Q5 74 

q58h 
Q593 

V133 

v233 

B-46 

¥151-103 

*151-108 

*151-120 

*151-120 

¥*151-109 

¥*151-109 

¥*151-120 

¥151-120 

*151-103 

*151-120 

¥151-120 | 

¥*151-120 

#151-120 

#151-120 

¥*151-120 

¥151-~120 

~ ¥151-120 

*151-103 

154-306 

154-306 

Transistors (Cont'd) 

‘Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

Tek 

| Tek 

Tek 

Tek 

Tek 

Tek 

Electron Tubes 

bpec 

Spec 

‘| 
Spee 

Spee 

Spec 

Spec 

Spec 

Spee 

Spec 

Spec 

Spec 

Spec 

Spec 

Spec 

Spec 

Spec 

Spec 

Spec 

1586 . 

: 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 requig 

sequent recalibration, 

Even though we wrote this procedute p a Publication: oe 
our own factory test departrrent “xalug 062-020 | | 

others also if used with sonve caution July 1963 

in our test departth LO 8 vali ion, For all serial numbers 

you can eithe 
equipment ji , devise alternate ap- 
proaches, Scial test equipment your- 

self, 

2, Factory specifications are not guaranteed unless they also appear as catalog 
or instruction sAnual 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 aujushients. 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). 

GAY sons FOP 7-21-68 -—-«10A2 CALIBRATION __c-205



ABBREVIATIONS: 

“midr a amp midrange or centered 

ac alternating current min minimum 
approx approximately mm. millimeter 

base mpt metalized, paper tubular (capacitor) 
bulb light, lamp, etc. msec millisecond 

re collector mt mylar, tubular (capacitor) ~ 
CCW counterclockwise or full counterclockwise mv millivolt 
cer ceramic Lt micro (10-6) 
cm centimeter ut microfarad 
comp composition (resistor) ph microhenry 

cps cycles per second psec microsecond 

crt cathode ray tube n nano (107?) 
cw clockwise or full clockwise nsec nanosecond 
db decibel Q ohm: 

dc direct current p pico (10712) 

div division pbt paper, "bathtub" (capacitor) 
e emitter pec paper covered can (capacitor) 
emc _ electrolytic, metal cased (capacitor) pf picofarad (upf) 
emt electrolytic, metal tubular : piv peak inverse voltage 
fil filament pmc paper, metal cased (capacitor) 

freq - frequency poly polystyrene 
gmv guaranteed minimum value (capacitor) pot potentiometer 

gnd chassis ground prec precision (resistor) 
h henry pt paper, tubular (capacitor) . 
hv high voltage ptm paper, tubular molded (capacitor) 

inf infinity ptp peak-to-peak 

int internal sec second 
k kilo (103) sn serial number 
k kilohm term terminal 
m milli (10-3) tub tubular (capacitor) 

ma milliamp unreg unregulated 
max maximum vo volt 
mc megacycle var variable 

meg megohm Ww watt 
mh millihenry WW wire wound 

x-former transformer 

i 

i ©, 1963, Tektronix, Inc., P.O. Box 500 
Beaverton, Oregon. All rights reserved. 
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TYPE 10A2 PLUG-IN 

TEST SPECIFICATIONS 

(TENTATIVE) 

ITEM CHARACTERISTICS ' SPEC LIMITS 

Variable Balance 

Invert Balance 

Ni een ee ne teen ek EE et ER Lert eee ne 

Trace Drift 

Microphonics 

Input Nuvistor 
Grid Current 

TEK 10A2 FCP 

Range of Adjustment 

ATTEN, BAL RANGE 

VAR. ATTEN. BAL. 

BASE CURRENT 

Setting Accuracy 

3. Trace drift or shift 

1. Range of Adjustment 

INV. BAL. 

2. Setting accuracy 

Ringing Type 

I. Range of Adjustment 

GRID CURRENT ZERO 

2. Setting Accuracy 

7-21-63 

\ 
Must adjust Nuvistor Cathodé 

voltage from +1.15 to +1.25V. 

Set for 180° back from full ew.. 

Adjust within +90° of center of 
rotation. 

Less than 1 mm trace shift as 

VARIABLE rotates through its 
TANGe o 

Less than .5 em/hour after . 
Nuvistors were aged over 12 hrs. 

Adjust within +90° of center of 
rotation. 

Less than .5 cm shift between 

normal and invert. 

After 10-minute warm-up, trace 
drift or shift must be less than 
2mm 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 observable shift when input 
is switched from GND to DC. 

10A2 CALIBRATION C-807 



C-808 10A2 CALIBRATION 7-21-63 TEK 10A2 FCP 

ITEM CHARACTERISTICS SPEC LIMITS 

Common-Mode DC “1. 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 O +.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 OUT (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 1m load. 

Trigger Amp 
DC Bal. le. 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 in NORM with 
POSITION control electrically 

centered. 

Trigger out DC balance less 
than 0.3 volt in CH 2 ONLY.



ITEM 

Operating Bias 
Voltages 

Gain 

CORSET Pa MT 

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 

Q4sh ~- Emitter 
TP485 

SWITCHING CIRCUIT: 

TP 345 

TP 345 
TP 355 
TP 355 

TRIG AMP: 

TP 593 
TP 595 

l. Range of Adjustment 

GAIN 

GAIN RANGE 

2. Setting Accuracy 

VARIABLE 

VOLTS/CM 

1. Accuracy 

2. Compensation 

1. CH 2 output 

2. TRIGGER NORM + 

3. TRIGGER CH 2 ONLY + 

7-21-63 

CHARACTERISTICS 

=@3 4 to =3,5V 

SPEC LIMITS — 

+1L.45 to +1.55V 
41.45 to #1,55V 

With MODE in CH 1 and 
position electrically 
centered: 

46.5 to 46 .8V 

+6.0 to +6.3V 

+475 to +4,.85V 

+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 

4.1 to -4,3V 

Set for 180° back from full ew. 

Adjust within +90° of center of 

rotation. 

No observable error at 10 mv/cm. 

stare ce aan 5 

At least 2.5 to 1 attenuation. 
ratio. 

Fre ae ite ee ee ee 

within +2% 

within +1% 

105 to 150 mv/em 

90 to 120 mv/cm 
90 to 120 mv/em 

90 to 140 mv/em , 
90 to 140 mv/cm 

10A2 CALIBRATION. C-809 



ITEM 

“Alternate Mode 

Chopped Mode 

Added Mode 

Linearity 

Transient 

Response 

C-810 

CHARACTERISTICS 

1. Trace shift from CH 1. 
and CH 2 modes 

2. Triggering 

1. 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. 

ADDED MODE 

Risetime 

Overshoot 

TRIGGER NORM 

Risetime 

Overshoot 

Within +2,5% 

‘ SPEG LIMITS — 

Less than 1/2 mm. 

Must follow fastest 11B2 

sweep rate. 

frm ee tee eee 

Less than 1/2 mm 

045 to .55 psec 

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

ee ae cee eee eee eS 

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

Signal display. 

Less than 5.5 nsec 

be 

3% 

Less than 

Less than 

Less than 1% 

Less than 4 nsec 

Less than 6% 

Less than 6 nsec 

Less than 100% 

10A2 CALIBRATION 7-21-63 TEK 10A2 FCP



ee eee nt pa AR: ate Tl ceme  e 

‘SPEC LIMITS Itm™M | GHARACTERISTICS 

4, TRIGGER CH 2 ONLY 

Risetime Less than 10 nsec 

Overshoot Less than 10% 

5, CH 2 our 

Risetime Less than 10 nsec into 502 

Overshoot Less than 4% 

Transient Response 1. CH 1 and CH 2 

in 647 | 
Risetime ' Less than 7 nsec 

Overshoot, undershoot 
and/or ringing | 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 43 db down. 

response in 647 

: 
Channel Isolation j 10,000 to 1 minimum 

| 

TEK 10A2 FCP 7-21-63 10A2 CALIBRATION ~—- C811 





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 

P
H
Y
 

M
M
 

YF
 
P
Y
 

eB
 

Be
 
P
e
e
 

BP
 

op
 

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

Test Scope (Type 54% or equivalent) 

Type 647 Oscilloscope (accurately calibrated) 

Type 11B2 Tim 

Type 661 Oscilloscope with Type 4S1 and Type 5T1A 

Type 109 Pulse Generator 

Type Constant Amplitude Signal Generator 

e Base 

Type 113 Delay Cable 

Input Capacitance Standardizer (C520) 

10X T 50Q Pad (017-044) 

50Q Termination (011-049) 

Plug-in Exten sion 

50Q Cables (RG-8A/U Amphenol 21-290, 5nsec) 

509 Cables (with BNC Connectors) 

10:1 T Pad (B52T10) 

GR Type 874-QBPA Adapter 

HORIZ DISPLAY 
MAG 
TIME/CM 
VARIABLE 
TRIG MODE 
SOURCE 
COUPLING 
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, 

Pin No. & Gnd. 

Approx 

R in Ohms 

TEK 10A2 FCP 

N
O
U
 

F
W
 
P
e
 Infinite 

4.5K 

28Q 
Infinite 

2002 

Infinite - 
200Q 

7-21-63 

A 

OFF 

1 mSEC 

CALIB 

FREE RUN 

INT 

AC 
+ 

Between Conn. 

Pin No. & Gnd. 

1? 
18 
19 
20 
21 
22 
23 

Approx. 

R in Ohms 

Infinite 

1609 
Infinite 

11.5K 

‘Infinite 

Infinite 
Infinite 

10A2 CALIBRATION C-813 



PRELIMINARY INSPECTION (Continued) 

Between Conn, Approx » . Between Conn. Approx. 

Pin No. & Gnd. Rin Ohms — Pin No. & Gnd. R in Ohms 

8 Infinite 2k Infinite - 
9 Infinite 25 Infinite 

10 Infinite 26 Infinite 
il Infinite 27 Infinite 

12 Infinite —— 28 Infinite 
13 460Q 29 Infinite 
14 Infinite 30 Infinite 
15 460Q . 31 Infinite 
16 Infinite : 32 6) 

c. Make DC resistance checks on all diodes. 

Pre-set all controls of 10A2 as follows: 

POSITION Center . 
VAR ATTEN BAL 180° back from full CW 
INPUT Switch GND 
GAIN 180° back from full CW 
VOLITS /CM 01 
VARIABLE Full CCW 
INVERT Switch In 
MODE CH 1 
TRIGGER NORM 

Pre-set all internal controls and adjustments to midrange. 

Insert 10A2 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 ana 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 +1.2 volts. It must be able to adjust +1.15V to +1.2e5V. Adjust 
INVERT BAL to bring the trace to midscreen. | 

be 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). | 

c. 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 within 5) Cm 

of each other. 

ee 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. INV. 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 position. Push INVERT 
switch to "in" position. 

ge 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. INV. 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 to 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 the above steps to make CH 2 adjustments. 

4, MAIN AMPLIFIER DC ADJUSTMENTS: 

a. Observe the DC voltage at TP 453. — With MODE in CH 2, adjust CH 2 COMMON MODE 

CURRENT to obtain 0 volts at TP 453, 

‘pb. CH 1 COMMON MODE CURRENT final adjustment: Switch MODE to ADDED and adjust 
CH 1 COMMON MODE CURRENT for 0 volts at TP 453. 

c. MAIN AMP CURRENT final adjustment: Switch MODE to CH 1 and adjust 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 45%. Now voltage at TP 45% must remain 

O +.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 13 CH 1 POSITION for midscreen trace, VOLTS /oM to .Ol 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 inv. 
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5, CH 2 ouT DC ADJUSTMENT (Continued) 

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 zero 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. | 

?. 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 CH 1 and 
2 inputs to GND and POSETION control for midscreen with MODE switch in appropriate 
position.: 

Measure Voltage At With MODE | Acceptable Voltage Range 

CH 1 (Ql74 Emitter C176 Junction CH 1 #1045 to 41.55 V 
MATIN (Q413 Base R318 Junction CHL 46.5 to 46.8 V 

AMP (Q454 Emitter R465 Junction CHI 46.0 to #6.53 VV. 

| (Test Point TP 485 CH 1 44.75 to 44.85 V 

CH 2 (Q274 Emitter C276 Juhetion CH 2 41.45 to +1.55 

(Test Point TP 345 CH 1 42 to +4 V 
SWITCH (Test Point TP 345 CH 2 +8 to +10 V 

CKT. (Test Point — TP 355 CHI +8 to +10 V 
(Test Point TP 355 CH 2 +2 to +4 V 

TRIG (Test Point TP 593 =3.4 to =3.5 V 
AMP (fest Point TP 595 } -4,1 to ~4.3 V 

9. ADJUST GAIN: (CH 1 and 2) 

Set CH 1 and CH 2 inputs to DC, VOLTS/CM to .01 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 INVERT 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 mam) 
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11. CHECK VARIABLE VOLTS/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 eritire range. Re-set VARIABLE to CALIB and check that the 
UNCAL NHON 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/OM 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 DEFLECTION 

002 el volt: 5 major div 
005 o2 volt 4 major div - 
ol 05 volt 5 major div 
of , 1 volt 5 major div 

an | 2 volts — 4 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: (GH 1 and 2) 

Set MODE switch to appropriate position and VOLTS/CM to .01. From Type 105 apply 
a lkc signal to the input through a B52T5, a 52Q cable and a 20 pf standardizer 
(CS-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. | oo 

| | ADJ FOR OPTIMUM ADJ .FOR OPTIMUM 
VOLTS /CM SQUARE CORNER FLAT TOP 

CH 1 CH 2 | CH 1 CH 2 

Ol _ | C103 C203 
202 C104 C2040 Clo4B  =—s§s C204B 
205 -~C105C C205C | C105B C205B 

ol C106C C206C -  C106B °© C206B 

22 , C107C C207C -— €107B = C2078 
5 2108C C208C -  - GLOSB C208B 

1 | c109C C209C C109B C209B 
2 C110C C210C : C1IOB . C210B 
5 C111C C211 C111B C211B 

10 c112¢ C212¢ Cll2B.—s« C2128 

20 C113¢ C213C | C113B C213B 
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15. CHECK TRIGGER AMP OUTPUT: 

Set MODE switch to CH 2 and CH 2 VOLTS/CM to .01. From Type 105 apply a 1 ke 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 | AT ACCEPTABLE RANGE 

CH. 2 OUT Front Panel 525 mv to 750 mv 
NORM + Pin 13 450 mv to 600 mv 
NORM = Pin 15 450 mv to 600 mv 
CH 2 ONLY + Pin 13 450 mv to 700 mv 
CH 2 ONLY - Pin 15 450 my 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 apply @ 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 % 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 wSEC. Check that time 
duration of each chopped element is between .45 Sec and °DD uSec. Check for proper 

chopped blanking. 

20. ADJUST HF TRANSIENT RESPONSE: 

ae Remove 1OA2 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 .O1. 

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) 
STIA | 4ST 

TRIGGERING SOURCE FREE RUN MILLIVOLTS /CM 50 
TRIGGERING POLARITY + VARIABLE CALIBRATED 
RECOVERY TIME MIN _ DISPLAY (CHANNEL A) NORMAL 
SWEEP MODE NORMAL DISPLAY (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 MAGNIFIER . X1 

POSITION and VERNIER Center 

ce. Connect Pin 5 output of 10A2 into CHANNEL A of 451 and Pin 7 output into CHANNEL 

B. Set CH 1 POSITION for midscreen trace on Sampling Scope and then use 4S] 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 (017-044), a 
50Q cable and 50Q termination (011-049), 

e. Set the 5STIA 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. 

f. 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/(M | to 50. Set STIA 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 451 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 PSEC. 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 response 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 .Ol1 and MODE switch to CH 2. Check the amplitude of crosstalk in CH 2 (less than 
2mm). Reverse channel operation and check crosstalk in CH 1. 

be 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 .O1. 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 ; 
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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AC~DC-GilD 

VoLrs/CM 

OPERATION INSTRUCTIONS 

FUNCTIONS OF FROME-PANEL ComrroLs 

VARTABLE VOLTS/CM 

TEK 10A2 IRB 7-21-63 

In the DC position, both the ec: 

and de components of input signals 

are displayed, In the AC position, 

& capacitor blocks de coxponents of 

the signal. The low-frequency 

limit (3-db point) of the AC posi- 

tion is about 2 eps (0.2 eps when a 10 

ues 2 LOX. probe is used), In the GND 

position, the Type 10A2 input circuit 

is grounded (it does not Ground the 

signal). 

_An eleven-position switch that sets 

the vertical deflection factor of the 

Type 1OA2. All positions are calibrat- 

ed when the red VARIABLE knob is in the 

switch detent at the CALIB position. 

Renge is from 0.01 to 20 volts/cem. 

Red knob concentric with the VOLTS/cM 

switch provides continuously variable 

reduction in anplifier gain (uncali- 

brated) to at least 2, 5 tol. For 

exauple, if the VOLTS/CcM switch is in 

the 1 position, the VARIABLE control 

will vary the sensitivity between the 

Geflection factors of 1 volt/cem and 
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~E-106 

UNCAL 

POSITION 

PULL TO INVERT 

MODE 

10A2 OPERATION 

about 2.5 volts/em. When used 

in conjunction with the oscil- 

loscope calibrator voltage, this | 

control permits setting any spec- -— 

ific deflection factor within the 

range of the instrument. 

A neon lanp that lights when the 

VARIABLE control is turned AWAY 

from its CALIB position. ~ 

Varies the vertical position of 

the trace. 

A two-position switch that pre- 

gents the signal in normal or 

inverted polarity. 

A five~position switch that sets 

the mode of operation. The posi-~ 

tions are as follows: CH l: Con- 

nects the internal circuits to 

operate channel Lonly. The sig-- 

nal in channel 2 is still epplied 

to. the CH 2 OUI connector. 

CH 2: Connects the internal cir- 

cuits to operate channel 2 only. 

ALTER: Sets the emplifier chan- 

nels to display on alternate 

sweeps. For example, the first 

sweep would be the channel 1 
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TRIGGER 

GAIN 

‘ 

VAR ATTEN BAL 

TEK 10A2 IRB 7-21-63 

signal; the second sweep the 

chennel 2 signal, The flicker 

between channels will depend 

on the sweep rate, 

CHOP; Wleetronie ewitehing chang. 

es tne display between channels 

at & lene rate, Buch display seg- 

ment Lasts for about 0.5 microsecond. 

ADDED: The algebraic sum of the 

channel 1 and channel 2 signals will 

be displayed with the MODE switch in 

this position. To measure the alge- 

braic difference between signals, use 

one PULL TO INVERT knob. 

A two-position switch that selects 

the trigger signel to the time-base 

unit trigger circuits. . Hither chan- 

nel 2, or the signal driving the 

ert vertical deflection plates can 

be selected, 

A screwdriver adjustient that permits 

the gain of the channel to be correctly set 

A serevdriver adjustment ‘thot balances 

the amplifier so thet with no signs 

epplied there is no verticel shift of the 

trace as the VARIABLE VOLI'S/CM control 

is turned. 
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FIRST-TIME OPERATION | 

The Type lOA2 should be inserted into the left-hand (Y-oxts) 

opening of the Type 647 Osetlloscope. | A time-base unit such as 

the Type 11E2 should be inserted in the right-hand (X-axis) opening. 

The following procedure will help you become familiar with: 

the Type lOA2 operation: , , 

1. Set the front-panel controls as follows: 

AC-DC-GND--~---------- DC (both channels) 

VOLTS/CM ----~-----~- OL (both chennels) 

VARTABLE -------- w---= CALIB (both channels) 

POSITION -----~------ Midrange (both channels) 

MODE -----a-nemennnne CH 1 

PULL TO INVERT aaltaiaiae Pushed in (both channels) 

TRIGGER ~------ ane NORM , 

2. Apply a 20 mvolt signal from the oscilloscope cali- 

brator to both Type LOA2 input connectors. Adjust 

the time-base controls for a stable display. Use 

ac Low-frequency reject internal-trigger coupling. 

The display will be a rectangular waveform 2 divi- 

sions in amplitude. With the channel 1 POSITION 

control, move the display above the graticule centerline. 

3. Turn the MODE switch to CH 2. A similar 2-division Wave= 

form will be displayed. With the channel 2 POSITION 

control, move the display oelow the graticule center- 

Line. 

4, Set the MODE switch to ALTER, If necessary, adjust 

the time-base triggering for 5 stoble display. Both 

* * -a/l ares tap de la fae eee 
signals skould.be displayed, The switching race 
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will depend on the sveen rate, 

Dd. Set the MODE switch to ChOP, and the TRIGCER switeh 

to CH 2 ONLY. If necessary, adjust the tine-bese trir- 

53 
if 

‘gering for a stable display, Tvo seperate traces 

should appenar, 

6. Set the MODE switch to ADOND, There should be one 

display 4 divisions in omplitude. This its the addi- 

tion of the channel 1 and 2 waveforris (2 divisions 

each). Notice that either POSITION control can move 

the trace vertically. 

7. Pull the Channel 1 PULL TO INVERT switch. Free von 

| the time-base unit. The display should be a straight 

line, indicating the algebraic difference between the 

two signals. Since the signel amlitudes are equal, 

the difference is zero. 

Variable Attenuator Balance and Gain Adjustment 

Before the Type 10A2 is used for accurate measurements, 

the VAR ATTEN BAL and GAIN controls (front-panel screwdriver 

adjustments) for each channel should be checked and adjusted 

as necessary. The GAIN should also be checked each time the 

Type LOA2 is moved from one Type 647 Oscilloscope to another. 

If the variable dc balance of a channel is not properly 

set, the position of a no-signel trece will shift vertically 

as the VARIABLE VOLTS/ CM control of that channel is turned, 

Adjust the VAR ATTEN BAL control as follows: 

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

2. Set the MOUS switch to.CH 1 and position a free- 

running trace to the center of the ert. 

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



E-110 

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

point where there is no trace shift as the VARIABLE 

4. Repeat the preeeding steps for channel 2. 

set the GAIN control as follows: 

1. Set the TRIGGER switch to HORM, 

2. .Set the channel 1 AC-DS-GND switeh to DC and 

MODE awitch to CH 1. 

the 

3. Set the channel 1 VOLTS/CM switch to .O1 (or other 

required position) and the VARIABLE control to 

CALIB. 

4, Set the time-base plug-in unit for a free-running 

O.1 millisec/em sweep. 

5. Apply 50 millivolts (or other required value) trom 

the oscilloscope calibrator to the channel 1 input 

connector. 

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

GAIN control. 

7. Repeat the preceding steps for channel e GAIN 

adjustment. 

General Operation 

Either of the two preamplifier channels can be used 

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

connecting the signal to be observed to the appropriate input. 
- oy 
anny fof, 

4 
Carri 2-1 lists several input systems suitable to the Type 

LOA2 input. Fig. 2-1 shows a block diagram of the input when 

using the system of Method 7 of @hirt 2-1. 
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Input Coupling 

To display both the ac and de conponents of an applied 

signal, set the eppropriete AC-DC-GiD switch to DC; bo dis~ 

play only the ac component of a signal, set the switch to AC. 

In the AC position of the switch, the de conponent of the 

signal is blocked by a capacitor in the input circuit. The , 

low-frequency ac =3 db point is about 2 eps when the source 

impedance is low. therefore, some low-frequency distortion 

of signals with corponents below this frequency can be. ex- 

pected when using the AC position. When using a 1lOX 10 megn | 

‘ probe, the Low-frequency response is about 0.2 cps in the AC 

position. , | | 

| Deflection Factor 

The amount of vertical deflection produced by a signal is 

determined by the signal amplitude, the attenuation factor (ir 

any) of a probe, the setting of the VOLTS/CM switch, and the 

setting of the VARIABLE VOLTS/CM control. Calibrated deflection 

, factors indicated by the VOLTS/CM switch apply only when the 

| VARIABLB control is set fully clockwise to the CALIB position. 

The range of the VARIABLE VOLTS/CM control is at least 2.5 

| £0 1 to provide variable (uncalibrated) vertical-deflection 

, factors between calibrated settings of the VOLTS/CM switch. 

The VARIABLE VOLTS/CM control extends the vertical deflec~ 

tion factor of the Type 10A2 to above 50 volts/cm. 

Dual Trace Operation 

The choice of alternate or chopped mode of operation can 

be made from the following discussions, and Table 2-2. 

Displaying Two Non-Repetitive Signals. The chop mode of opera- 

tion allows good resolution or non-repetitive signals to be ob- 

TEK 10A2 IRB 7-21-63 : 10A2 OPERATION E-113 
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tained using sweep rates as fast as 10 usec/em. The 10-ysec/ - 

cm sweep rate is probably the fastest sweep rate you will want 

to use and still get good resolution. Thus, non-repetitive 

play with about 100 segments raking wp cach bead. 

To obtain useful displays when observing fast non-repeti- 

tive signals with the faster sweep rates, use one-channel 

operation, | , 

Displaying Two Repetitive Signals. When displaying two repeti- 

tive signals using the alternate mode of operation, use sweep 

rates 0.5 millisec/cm or faster. When viewing a repetitive 

display from signals 250 cps or higher, alternate mode of oper- 

ation produces an uninterrupted display (the alternate-mode , 

switching cycle is sufficiently fast to produce an apparently 

steady display). te slower sweep rates are used for viewing 

signals 250 cps or lower, the alternate-mode switching cycle 

becomes more apparent and you may prefer to use chopped mode 

of operation, 

10A2 OPERATION. 7-21-63 

signals up to O.1 millisee duration will produce a useful dis-~ 
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fils. 

CHAh? 2-2 
cr, 

i 

ee / . . vam Ty] 

Internal Triggering Recommendations for 

y Dual-Trace Uperation Hook K be 
HE a nt tee te pn en 

’ D Pmt ne ote i 

Signals . Mone 1OA2 yy Time-Base 

eet - 
Wee ee ne fee tet nrt mere mate: 

TEP nO seer eye Ret yen eR pe orem ef en ino nied 8 

a ue 
. 1. Two of same/or -harmonically ALTER CH 2 ONLY AC 

related frequency, 250 eps and } 

above. (Lower frequency into 

Channel 2). 

POLS Switeh | WRIGGER Swek¥|  Urderoring _ 

| Channel X 2. Sweep rate 

limited to 1O usec/em Max. 

ee. Two of same/or harmonically] CHOP NOR . AC KR or 
i CH 2 ONLY | DG or 

related frequency, anywhere — | : AC LF REJ 
* 

within full bandwidth. 

3. Two of dissimilar (not || ALTER NORM AC LF REJ 
. . only 

| harmbnically related) freq- 

uency, 1 ke and above. 

4, Two one-shot signalse -binse |CHCP CH 2 ONLY AC or 
. fo ) DC or 

jerelnvoc, First signal to AC LF RJ. 

; | | 
1 Occasionally the signals will be harmonically related to 

then . oo 
the chopping rate, unt at sweep rates above 10 Usec/com 

the chop segments may be to obvious; 
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Voltage Measurenents | . oe So 

| To measure the voltage between two points on a signal 

(such as peak-to-peak ac volts), measure the vertical dis- - 

tance in gratioule divisions between the two potnts and | 

multiply by the setting of the VOLMTS/CM switch and the | 

attenuation factor, if any, of a probe, Be certain that 

the VARIABLE VOLT'S/CM control is in the CALIB position. 

For example, assume you use a 10X probe with the 

VOLIS/CM switch set to .02, and your display has a verti- 

cal deflection of 4 centimeters. In this case, 4 divisions 

X 0.02 volt/div. = 0.08 volt. This voltage times the probe 

attenuation factor of 10 shows a true peak-to-peak voltage 

of 0.8 volt. 

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

proceed as follows: 

1. Set the VOLTS/CM switch so that the expected voltage 

(at the input connector) is not wore than six times the set- 

E-116 

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

position. 

2. Set the time-base controls so that 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, The position 

selected for this reference line depends on the polarity and 

auplitude of the signal to be measured, Do not move the 

POSITION control once the reference line has been established. 

10A2 OPERATION | 7-21-63 ~TEK 10A2 IRB



lk, Set the AC-DC-CND switch to DC, 

5. Apply the signal to the input connector and set the - 

time=-base triggering controls for a stable diaplay. — 

6. Measure the vertical distance, in major graticule 

divisions, from the ground (zero) reverence line to the point 

on the waveform that you wish to measure. 

Te Multiply this distance by the setting of the VOLT'S/CM 

switch and any probe attenuation factor, This is the instan- 

taneous de level of the point measured, 

, Check the Zero reference line at any time by setting 

the AC-DC-GND switch to GND, It is not necessary to dis« 

connect the signal probe from the Type 10A2, ‘To use a 

reference other than zero, set the AC-~DC-GND switch to DC 

and touch the signal probe to the reference voltage; then 

use the POSITION control to align the trace with a reference 

{ 

gratvicule line. 
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Voltage Comparison Measgurexents 

In some applications a set of vertical deflection factors 

other than those set by the VOLTS/CM switch need to be used. 

This is convenient for measuring signals that are multiples. 

of fractional voltages between VOLUS/CM switch positions. To 

establish a set of deflection factors based on some specific 

voltage, use the following procedure: 

1. Apply the new voltage reference signal to either Type 

10A2 input connector. Set the VOLTS/Ci switeh and the VARIABLE 

control so that the display covers an exact number of graticule 

divisions. Do not move the VARIABLE control. | 

2, Divide the auplitude of the reference signal (in volts) 

by the product of the deflection established in step 1 (in 

centimeters) and the setting of the VOLTS/CM switch. The 

result is the deflection conversion factor. 

Awolitude of reference signal (in volts) 
Conversion Factor = joomt of deflection X VOLLS/CM switch setting 

3. To calculate the true deflection factor at any position of 

conversion factor. 

the VOLTS/CM switch, multiply the switch setting by the deflection 

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 es the VARIABLE control is not moved. 

Accurate De Millivolt Measurements 

Operation of the Type 10A2 at 0.01 nv/em may be quite common 

when working with 50-ohm coaxial systems near the upper frequency 

limit of the system. Measurement accuracy requires careful atten- 
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tion to both the VAR ATTEN BAL adjustzent, and tne input-stage 

grid current, The VAR ATTEN BAL adjustment, mist be nade first, 

as deseribed under "First-Time Operation" earlier in this sec- 

tion, , 

To cheek the input stage grid current, warn up the Type 

LOA2 at least 10 minutes, Check grid current. as follows: 

' 1. Set the MODE switch to channel in use. 

2. Adjust the VAR ATTEN BAL control. 

3. Set the vouts/CM switch to .01 VARIABLE to CALIB, and 

| input selector to GND. 

; 4. Center a free-running trace. Switch input selector to 

DC and watch for a trace shift. If the trace shifts, you may 

wish to touch-up the internal GRID CURRENT ZERO adjustment in the 

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

General Information 

the Type 1lOA@ Dual-Trace Amplificr is a wide-band ver. 

‘ 

‘tical plugein unit for the Type 647 Csocilloscope. It eon- 

tains two vacuum tubes end 39 nilicen sronsistors. 

Pig. 3-1 is the simplified blook diacran. The Vours/cM 

attenuators permit lorse sistnal ampltvudes to be reduecd 

before being amplificd. The amplifier sain Ls not changed 

when switching between various deflection factors, keeping 

the drift and noise charneteristies the same for all posie 

tions of the VOLTO/CM switch. 

The Input Amplifiers raise the ehinal Level before 

positioning is added. The Input Awplifter cosentially 

changes the input voltase sismal to an internal current 

Signal... Thus, the positioning is. by current offset of the 

Input Amplifier output. The PULL Oo TIVANT switeh is between 

the Input Amplifier and the POSILION control to permit 

inverting the display without inverting the action of the 

POSITION control. 

The Channel 2 Input Amplifier 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 connector. , 

The Switching Circuit accepts one channel at a time or 

both chamels 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 isolated output signal 

to the Trigger Amplifier for internal trig¢eering. 

The Triscer Amplifier rocetvas informnnbion from eithor 

aye 

Yea 

through the TRIGGER switch. Thus, the Time-Ease unit con be 

triggered either from the (composite) vertical information, 

or from Channel 2 information only. 

Input Circuit | . . , , ) 

The Type 10A2 input connectors are the BNC type. The in- 

put signals pass through frequency corpensated voltage dividers, 

except at 0,01 volts/cm, All deflection factors present L mega 

paralleled by 20 pf to the input circuit (see Fig. 2-2 and Fig. 

2-3). Each position of the VOLTS/CM switch (see Attenuators 

schematic diagram) is individually adjustable for input eapaci~- 

tance and frequency compensetion. This system permits the full. 

bandpass of the instrument to be used at all deflection factors. 

Each attenuator is made Up of two or three resistors in ser- 

jes and two capacitors in series, forning a frequency compensated . 

attenuator. An additional suall shunt input capacitor permits 

adjusting each attenuator to exhibit a 20 pf input. 

Channel 1 Input Amplifier 

Input tube V133 is a cathode follower that drives the Input 

Amplifier. The plate voltage for V1L33 comes from cesceded emit- 

ter followers Q123 end Q133.. By adjusting the plate voltage of 

V133, its cathode voltage is set to the correct value of about 

+1.2 volts. Any grid current of V153 is offset by a small nega- 

tive voltage set by R117, the CH 1 GRID CURRENT ZERO internal control. 
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Yhe cathode voltage of V133 is adjusted to be equal to the - 

voltage at the junction of R135-R136. The GAIN ADJ (R138) and 

VARIABLE (R14) resistors have no de current through them, 

Thus , elther control can be turned without shifting the ert 

display vertically. The base eurrent of Q154 (that would 

otherwise apply current to the. ‘VARIABLE control) is 

eanceled by R1LO, the Qish BASE CURRENT internal control. 

By proper adjustment of the plate voltage and grid 

current of V133, and the base current of Q154, the GAIN ADJ 
uhen the piped 4 signal 1 22K 0, 

and VARIABLE controls pass no de current, 

QL54 is one-half of amare orastieg (ot fixed 
poh pve 

emitter degeneration) that drives a second, pevaphase ampli- 
ae 

Yous we 

‘Phen, QUT -Q18h The GH L GAIN RANGE .centrvol in the enitter 

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

fier gain so the front panel GAIN control has its proper 

range of adjustment. | | adores 
. Pa! ite 

% 

_ The de balance of the two paraiphase amplifiers, is set 

BAC 
at the base of q16h by the CH 1 INy control, R160. R160 +0~ 

aiverto-nane "iid i pecancont is adjusted during 

calibration ,by using the PULL TO INVERT switch to check the 

amplifier balance. , , | | 

The de level of the push-pull output leads of the Input 

Amplifier is set by varying the supply voltage to QLok- aust , 
: COM MODES 
with the CH 7 CURRENT control R130. 

First~order temperature compensation of Q1L74-Q184 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 

| Q174-Q184. 
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E-308 

‘Protection for the Common Base stoge O30 Qa. from 

overdrive is by D1g2-D195. 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 duit, 

Conduction of D192 or D193 prevents the reverse biasing, 
cts TP pet ge 

_BESTEITS 8 rapid amplifier recovery after overload. 
eee ee ee ee ' 

pee a cy peemectton fees a . 

SIGNAL oieine VS oo GAIN . ath cepene? 

. Layo ! Se Sma ee TE eS 
ce oF noes aed eo ee 

, tne Input Amplitie 2 Comb On te 
A v 

analited with 
. ry 

BT obellles oY Teo UO OR OAS, yell rN (adn, pte ie' hme TT et SEL ME Cig teh CS ret ; ‘ . 
; ve . 4 

Seeder ie Do shew unds uash fa tm, bs Bede] eee see 2 AOS 
‘f ‘ “4 

voltage and current ¢ignale dn ooneehnls the Input aAmpilvier. | 
: toe a Pin 

/ a Fa i “ \ 

min ge) 
: /; 

Approximate Voltave and Current Qatns of CnsveNaAL? the Thput Awpli tier 

. 

Test Point} Approximate ir/Cnl Mafonidedar Won Voltas uo = turrent 
Trpedance | | | 

/ pe . i? ~ ~ 
Q154% Base 2600°9 SF FO COO SEG a a oats 

Q154 Colleven 11h 9 10 fa.e8e | 
QL74 Base 2400 2 10 lo.cohe meshes CTGhBr AelSy G@0.0% 

{ -_ " ; 4 

Quy Colledtan 25. a 1 SO. lesshe se ivi: Ast bs eos 
hen ye a a . 

Qu7l collector drives Fe vo rs Se Be foe, a ” “} mn oo . : 
ce “Ene Qj =! mee OCP shadka hey vt \ fy. an : 7} 

2 
R190 and R19L (PULL TO INVERT switeh rushed inj. Aboot | 

mv/om signal can be measured at tie emitier Gh Woe ten 

5 
. Say t 

80 ae hemes ne eee ren i though it is being driven. at 0.10% mnfeart. pean 

-at-the...collector.of QL74, 
oo wey Dr. oV tae . an Sat eye . . tee 

Gvop ued Dw Lig GPO NA lesack tite 

win..series, sets the-curreme drive uO ODO. 

‘Fig. 3-2 shows the dc curren tb end voltage conditions of 
we 

the switching diodes, except for, “Kas mode af operation. 
a] ra ‘ 

SO et Os woe, 

dingran wou Can pee From Fig. 3-2 and the Channel 1 Input, 
' 

+ 
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that measuring, de level or signal voltage at the collector 

of QUT does not indicate that Channel 1 is being displayed. 

Common-Base. Stage of Switching Circuit 

The “pentode-like" characteristics of the collectors of 

Q304-9314, and their common-base circuit, permit their col- 

lector voltages to be cnanerd without affecting the Input 

Amplifier. The switching multivibrator, Q34.5-0355 divert # 

the collector current of the commin-base steae « of the chang sel 

not being displayed. My i BOP See aby Tye eaurrete Lee y 4 were 

ADDSD mode of operation eembinges the output of both 
i a Tp he . 

1 . 8 ve. “8, - se \ . “as . a 

input emplifiers. (See Fic. 3-5) This weesevorn 12 macdican 

- ‘ yoy + thay fa weep we 4 Na cep eets ty yn My ory dn paralleL with the current surply ioe the conten base 

ie ) AG ? Qe. oO * : ft ced rel 4 yf gy ‘ BS ' s stages, RULL-R3L7 on one side and omLenAST en the @thor ete, 
i 

. 4 

MA te tt ’ we a pega lh. gay ee Be ae ge . vot waperag YY . ‘ * The de current few through the restatere neorealin weed fos 

‘single channel oferabion remains the seme. The owitenin 

multivibrator is set so it does niu cumply wurrent we either 

channel cemmorbase stage. 

Output Amplifier 

+ Sam, - ', “t - ry os . 

The voltage level at the base ef Q15-Ga5 (40.6 valis) 

is set by the emitter return voltace of Crsheohll. ‘Me base. . 
. toe ‘ , : ° 

emitter diode drop of cach transistor is about 0.7 volts, \s 

elevating the 5.1 volts at the emitters of Qu5u-clikh to 0.6. 
, ae dD 

volts at the bases of Qh1s- Qhe%. Sa kes 

and 
. we 

juaslates are each-en emitter follower, their emitters 
+ raped re 

\ ‘ \ . 

are isolated so they are not in pariplinse . Qush-Quuh emit- 

ters are also isolated, but feedback to their bases make them. 
thes maul | y 

part of the paraphese output pair Q454-0h64. The static, 

current of the Output Amplifier three transistor pairg is 
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set at the bases of qh13~qhie 3 by -the MAIN AMP CURRENT con-_ 

trols W536. Bets “poth the amplifier B and output de 

. Level a 

“Pe? feedback resistorsy R459 and RU69s.veduee the cur- 

~ pent gain of -the-foutt output transistors Quoh. Qual. and Qusln 
{ 

i mid rep co, 

, wort to @ wery Low value SO the stage current gain will bw y 

Vln heal VA hnicl =p wnt of ehrotateder bebe Yhrrughecd Noe episod 
| Benen conctant-sith-p-changeo-due—to-tempraine change. 

| doi t63 3-2 shows the voltage gain and current gain data 
“; 

for the Output Amplifier... | | IS 

_GEARD. 5.2 
“i 

b 

| Approximate Voltere and Current Gains of One-Half the Cutput saplifier 

| l ; { 
| | test Bolnt) Appt rox inate| Mv/CnI Me/Cn |Gain: A= Voltage/’“G = Current 

| | Tana ade nee | . . 

ne wy 
| ONS, Reese ; a3 4 QO. 3a pi ; 

lide abel batt bea ebay pte mn oO a 
rare rare, - " . -{ en 4 
QhSh Pome 5.9 “1.6 (0.517 [GhIAaS to Qhoha: hr. 59 G22. 

Cyc hay 
oh ah Colla fry LS ft An HE ap po en 

Ou5) Base 1.7 &k ahs 0.028 1(% and wa/On only thearetical.) 
= ; 

. . / . is Crh md yy fb, of che a 1) gle 

QuS Collutae 46 9 ge aaa to OWSshe: AshG PGs .5 
at oo a) ari Chm peepee | ' . ~ er f fal *. i ana : 

{647 Input 95 2 Bik td lo. OY “ an i . 
t 
' . ’ 

+*Note- difference. between ChLy base current and O701 emitbher current fn. 

due. to.Q20k -base current. 
| eo ee 

Channel 2 Input Amplifier 

The Channel 2 Innut Amplifier to ddentical with vhat of 

Channel 1, except for the. trigszer taxvroff point in the 

emitter circuit of Q2e7h-0284. The cemitter-circuit resistors 

ave r Vn, ee 4 nS ard) 

have. been- changed-from Channel 1 to Keep the enliter deosencra~ 

tion the same while providing the trigger takeol? as EP ren 

an emitter follower. ‘The Channel 2 2 trigger simnel goes firs 
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to the base terminals of Q504-Q514, then to the TRIGGER switch. |S 5] 4) 

Trigger Amplifiers | Po 

The Channel 2 Trigger Amplifier and the Trigger Ampli- “ 3 - | 

2 4 e * c 4 ‘ 4 

filer are similar amphiciors with low input impedance and hich .. 
. x 

t oN - 

current output. “Bach has a stabilizing feedback Loop that. ye ; NN 
viv cally Lelep radeon f af fy aim? “4 a ~~ 0 

keeps the stage current gain constant-regavdtess-of-changer . 

-of-B-with-temperature..change.. . a 

Signal voltage and current data for both amplifiers is 
Ly ” i Table | a | 

in sane 5-5. The information is based upon the TRIGGER 

switch being at CH 2 ONLY. 

ar yb te 

fee e , : 

mere DD 
. a 

Approximate Voltage and Current Gein of One-Helf the Triggers Amplifiers, 

TRIGGER owiteh at CH 2 OmLy. 

Test Point | fefrs | va /on | Gain: A os Voltsse: G@ = Current 
maa be tet f ~ ee = = 

OSC) , Tacs 0.5 [0 GOSS. 

oss pace Ti wa pee | 
5 ‘ mph sean, 4, RS ar 

O524 Mmntr D } fry GO joc Q504% to G5OS5: Ave ean 3: G = 2H 

thane pest “ Vs be ‘ 

OSU" Base Pe? 1.5 EES 

ay hs Tan eso " 0) oe pe eer nt ae ret ke 

\ hl 5 c sro } / rs} » Az 4 } 

O57 Coll [reo Meer fp day G55 to 6570: An JO: Go = bel 

Dual-Trece Switching Multivibrator 

The dual-trace multivibrator transistors Q3l5- 90 con- 

_duet current only when the MODE switch is at either CHOP or 

ALTER. In the Phopped mode, the emioter leads are connectcd 

to the ~15-volt supply thr ough R3u5-R555 and the primary of 
yw Ne ne veg yop dee . . 7 ; oo : . ae bebe pote Vey py ceo oa, 

T3571. p, To prevent the Blanking Armplifier from sending an cagvies. oad, 

alternate-trace blanking pulse to the Type 64-7, R369 and 

D369 lower the voltage level of 574 emitter Lar cnough to 
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effectively disconnect it from R345-3 R455. 2369 limits the 

current in the primary of T571 to prevent any significant 

signal from being applied to the base of Q37k. 

The voltages « at the multivibrator tes t por bs are 
—— 

listed for all modes of operation in ese 5h, ‘The emitter 
: ~ ; aa any Oo 

voltages listed in <i Sry “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. 

ma Vaid 

“ee 
Sana ~ yak 
TV 

“1. 
~ 

youre me oF at ; a. Vays Toe ovitehing Multivibretor Condivions 

vtee fy ; 

. . + * { * * | + : Pest Point CHL | oxo} anoee | cExop ADDsD a at me en te et et eg cee ee, ~~ sino a 

mp 3hs | wee | aie | ass | aes | 40.8 
ep 355 | aS | ae | dis | 8.5 | 42.8 
CSRS Ente | 42.0 1 a2.0 | so. 1.8 | 42.0 . ‘ 

aren i] . i . oo a 
2955 mur H +200 4.2.0 +029 | 425 mee 3 OQ , 

| | SW h Meter : 20, 000 Q/ VOLt ° ra yt \ 

Gq 0 

. 
e € Chopped Mode Operation eee 

oy Ay ‘ if: vt ) © . 
The multivibrator 15 m2 non-saturs ebing -8GDe With the oe gn 

nefusrel ceanecete J Poapoetiogs ra tit © 
switching time-cons tant, ‘betveen emitters. The, stems) times a) 

conscont- nelwork~in-ea ach~buce-Lead-ls- only foe Last “ota 
" 4 

coupLims-to the base. 

Chopped mode multivibrator waveforms are shown in Fig. 

3-4. They show that the emitter of conducting Q545 (Q3u5z) 

rests at +2.5 volts until the emitter voltame of @455 

(Q355E) falls to -1.6 volts at the flip point. As the flip 

action begins, Q345 cuts off: its collector foes positive 

(TP 345) taking the base and emib ter of Q555 positive. As 

the emitter of Q355 rises, it takes the emitter of Q345 to 
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44.3 volts via Cah8, assuring that Q345 goes deep into cut- 

off. Then the r-c fall of C348-R345 takes Q545 emitter nega- 

tive (the. slope from +4.3 to ~1.6 volts). As soon as Q3k5 
apagen het tat 

onitter soschos tbe base voltage, the multivibrator flips 

back to the first condition. 7 , 

NOTE 

Fig. 3-4 through Fig. 3~9 were taken with 

Tektronix C-le Camera, a Type 545A Oscll~ 

‘Loscope with Type CA Dual-Trace Plug-In 

Unit, and two LOX 10 Mean probes. The 

oscilloscope was externally triggered 

from TP 35 and the plageda url cosvahed 

in the Alternate e Mode. - 

Crt Blanking ,. f 

ff daring the, ‘chopped The Type 647 crt is blanked to-o1b0%i 

ylode switching time of the Type LOAS. The blanking pulse is WHS 

_ - ~ 

generated by Q374, Q583 and Q390. f hy selly ean 

Q374 is ener, zed by the MODE switch and fe ihely ‘ a 0 
CPC | aie yg ere ae . jay cn a) i , we ~~ 

Pe 2LN qi. ray 2 em IN Si PYatsy rare SLIP ECTS, i 

aned-onewith ibs collector -at& about ground andeits base: at oo 

] Ny 
about. -11.2.volts. . (The decouple ata wl 5 volt suppiy is abouts EN | 

11.6. volts.) As the mult vibrator flips, the positive Sake 8 

_ y 

pulse from the multivibrator emitters is coupled through T37Ly o> 0 ; 
Roos a 

~; ' » oe my \ 

in phase, to the base of Q374. Q374 turns on to saturation . a 3 . 
, ; 1 : oe < 

.) ed } x. 

and its collector falls to about -12 volts. See Fig. aa | c. aed 
. Oe oye fv . 

The signal to the base of Q383 is greatly attenuated by R374 S wr 

- . . / ° fh we Woo] | a T37\ C Ne N 
and R375 in series to ground. /\o tee NO” 

0.7 QIN 
The base voltage of Q383 rests at about ay volt when 

etl “ . . : . 

Q374 is not-saturated. The emitter of Q385 is at about zero 
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volts. See Fig. 5-6. 0387 is at zero volts keeping 9390 
“y) 

at cut fort. As Q374 saturates, Q483 is cut off and its emit-_ 

auithe eurrey! Terou ye 
ter starts to fal at a rate set by C387 P50 F=RaS5- CoO 

f f ‘SOT. wae Rites “¢ ~O.7 

a ete R38Se As soon as 0387 reaches about nO volt, Q390 | 

conducts and regenerates in blocking oscillator action. the 
fy a a. oe 

wwe-turn winding of T7390 takes the base of Q390 from around 
\ 

to about +9 volts (Fig. 3-7) and sends about 100 mv of signal 

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

second. , 

Alternate Mode Operation 

When the MODE switch is at ALTER. 0364 is energized and 

9345-9355 emitters are connected to the -15~volt supply 
9 } 

through D348- D598, and, Bee The multivibrator emitter 

impedance is such that a trigger is required before it will 

° mt - sap dents Mey a vet 
BUT we ekhe OF 

Type 647. The signel at terminal 17 rests at about +5 

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

i 

See Fig. 3-3. 

The alternate tripser amplifier base voltare is about 

-10.9 volts, (the decoupled ~15-volt supply is about -11.6 

volts) and the collector voltage is about -11.5 volts; Q364 

aren: is saturated. The junction of DSN D 558 and R565 rests wh 

a7 ; ) . Jay! 
+1livolt. 

ee” 
arriyn4d ee 

D a a 1 “3 the nocetive trigger, arrives at the base of Q50lt, 

bu
s 

4s 
; : ‘ . . ad \, “ 

Jise- is-sent: to the emitter circuit of O54%5- 

rast abr ator 
2E TS eel TE epee Me Se 7 + Base BEETLE COU ie oop (Pies peep The ccaductins, transistor fi MERRIE YE Ort ha 

ee 1 iz ; an . in , rere Ween Bee G0 peers 

Jors 
t af avd 

CEG ten 523 & oiver oul teoh--to-the other transistor eos off and 2 PES eH ) 
‘ Z 

ev fob wp ty afer peep tits + el A Causes Ran ¢ op ros ; t- < 

tokes-place. The bisteble-miltivibrator
 wille-rcarain ab the 
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new stave until.another trigger pulec.arvives and the conduct« 

ing. trensistor has its emitter raised positive. vhus, the 
SUCCESIIVE 

Time Base negative trigger at the end of, Geen sweeps switches 

the display first fin 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: Q48%, dia- 

| SIE: Lhe 
grammed with the Switching Cireuit and Output Amplifien, and 

Sof Mints tye * é 

Q593, diagrammed with the Trigger Amplifier. Hach transistor 

; Soule 8 

provides two low-current Level voltages, for special use. The 
] 

voltage value. is set by two precision resistors in the base 

lead. Q483 supplies +5.9 and +4.8 volts, and Q593 supplies 

— -3.45 and -4.2 volts. 
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ABBREVIATIONS: 

cer 
comp 
emc 
emt 

gmv 

usec 

nsec 

pbt 

peo 

pf 

piv 
pmc 

poly 
prec 
pt 
ptm 

sn or S/N 
tub 

var 

WwW 

F -26 

ceramic 

composition 

electrolytic, metal cased 
electrolytic, metal tubular 

guaranteed minimum value 

henry 
kilo (10) 
kilohm 

milli (10 “) 
milliamp 

megohm 

millihenry 

metalized, paper tubular 
mylar, tubular 
millivolt 
micro (10 ~) 
microfarad 
microhenry 

microsecond 
nano (107?) 
nano second 
ohm 

pico (10714) 

paper, "bathtub" 
paper covered can 

picofarad (yu pf) 
peak inverse voltage 

paper, metal cased 

polystyrene 

precision 

paper, tubular 
paper, tubular molded 

serial number 

tubular 
working volt, dc 

variable 
watt 

wire wound 

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