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CATALOG 

Price increases, 2-11-63 
Characteristics 

Modified products 

DEMONSTRATION 

CONTENTS-SALES 

0-unit demo adapter kit - field training, 12-14-62 

COMPATIBILITY 

Plug-in cycler, 4-23-63 
Adapters, 9-9-62 
0 unit grid-current checker available from Field Maintenance Support, 7-27-62 

Adapters, 11-30-62 
0 unit accessories survey, 6-14-63 
0 unit gating adapter in stock, 6-14-63 

Third O unit adapter in stock, 1-24-64 
TYPE O GATING ADAPTER, 
LOGARITHMIC AMPLIFIER ADAPTER, 12-25-62 

LOG ADAPTER, 070-386 
COMPENSATING ADAPTER, 070-416 
LEAKAGE CURRENT ADAPTER -- engineering instrument specifications 

Semiconductor leakage current adapter for type 0-unit, 10-1-64 
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CATALOG 

Catalog pages 
Price increases, 2-11-63 
Characteristics 

.,~ DEMONSTRATION 

CONTENTS ... SALES 

0-Unit Demo Adapter Kit - Field Training, 12-14-62 

COMPATIBILITY 

Plug-in cycler, 4-23-63 
Adapters, 9-9-62 
0 unit grid-current checker available from Field Maintenance Support, 7-27-62 
Adapters, 11-30-62 
0 unit accessories survey, 6-14-63 
0 unit gating adapter in stock, 6-14-63 
Third O unit adapter in stock, 1-24-64 

TYPE O GATING ADAPTER, 
LOGARITHMIC AMPLIFIER ADAPTER, 12-25-62 
LOG ADAPTER, 070-386 
COMPENSATING ADAPTER, 070-416 
LEAKAGE CURRENT ADAPTER -- Engineering Instrument Specifications 
Semiconductor Leakage Current Adapter For Type 0-Unit, 10-1-64 

ADV ER TI SING 

File of advertisements 
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CATALOG 

PRICE INCREASES 

On March 1, 1963 the following instrument price 
increases will be effective: 

Instrument 
Type 

"0" Operational 
Amplifier 

Catalog 21 
Present price 

$475.00 

New price 
asof3-l-63 

$525.00 

Any order dated prior to March 1, 1963 will be 
honored at the present Catalog Price. 

TEK O IRB 3-25-64 

SPR-134A 2-11-63 

Any order resulting from a quotation dated prior to 
March 1, 1963, will be honored at the present price. 
Quotations made on March 1st and later should be 
at the new price. 

Customer Purchase Orders received in the Field 
after March 1, 1963, that did not result from a 
quotation at the present price, should show the new 
price or be referred back to the customer for cor
rection. 





General Information 

The Type O Operational Amplifier Plug-In Unit consists 
of essentially three parts: a vertical preamplifier and two 
operational amplifiers. The vertical preamplifier can be 
used either as an independent oscilloscope preamplifier or 
to monitor the output of either of the operational ampli
fiers. 

The operational amplifiers can be used for applications 
involving integration, differentiation, amplification by a 
constant factor, summation, and phase inversion (as well as 
many others; see Section 3). The output of one operational 
amplifier can be applied to the input of the second for 
combined operations. 

The Type O Unit can be used with any of the Tektronix 
530-, 540-, or 550-Series Oscilloscopes. It can also be used 
with the 580-Series Oscilloscopes in conjunction with the 
Type 81 or Type 81A Plug-In Adapters. The Type O Unit can 
be used with other oscilloscopes and devices through use 
of the Types 127, 132, or 133 Plug-In Power Supplies. 

Vertical Preamplifier 

Bandpass 

De to 14 me (3 db) in Tektronix Type 530-Series Oscillo
scopes (except Types 532 and 536). 

De to 25 me (3 db) in Tektronix Types 540- and 580-Series 
Oscilloscopes, and the Type 555. 

Risetime 

Approximately 25 nsec in Type 530-Series Oscilloscopes 
(except Types 532 and 536). 

Approximately 14 nsec in Type 540- and 580-Series Oscil
loscopes, and the Type 555. 

Vertical Deflection Factors 

Nine calibrated steps provided: 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 
10, and 20 volts per centimeter. A variable uncalibrated 
control provides for continuous adjustment from 0.05 to 50 
volts per centimeter. 

Input Characteristics 

Approximately 1 megohm paralleled by 47 pf. 

SECTION l 

CHARACTERISTICS 

Operational Amplifiers A and B 

Open Loop Gain-Bandwidth Product 

Approximately 15 me. (Checked at 10 me with 1-v input; 
see Chart 2-1.) 

Open Loop DC Gain 

When the input signal is applied to the -grid, with 
the +grid grounded, the gain is approximately -2500. 

If the signal is applied to the +grid and the -grid 1s 
grounded, then the gain is approximately +2500. 

Now if the signal is applied to both grids, the gain 1s 
found by using the formula: 

A= e 9 (-grid) -e 9 !+grid) -2500 

e9 (-grid) 

e9 (+grid) 

Fig. 1-1 

Output Range 

+50 volts, +5 ma. 

Output Impedance, at Front-Panel OUTPUT Connectors 

Approximately 30 0 at 1 me for compensated unity-gain 
amplifier. 

Noise 

Typically 0.5 mv peak-to-peak, referred to input. Approxi
mately 3 mv peak-to-peak output noise. 

1-1 



Characteristics - Type 0 

Drift 

Typically less than 10 mv per hour (after warmup), referred 
to input. 

Grid Current 

Less than 0.5 nanoampere for both + and - input grid. 
Adjustable to less than 0.15 nanoampere for + grid, and 
less than 0.3 nanoampere for - grid. 

Input Impedance 

Selected by front-panel control. Values contained inter
nally are: 0.01, 0.1, 0.2, 0.5, and 1 megohm; 10 pf*, 0.0001*, 
0.001, 0.01, 0.1 and 1 µ,f, at + 1 % (refer to calibration 
procedure). Other values may be connected externally. 

Feedback Impedance 

Same values and tolerances as the Input Impedances 
internally. Other values may be connected externally. 

Signal Inputs 

Signals may be connected to either the -grid (output 
inverted) or the +grid (output polarity same as input). 

Feedback 

Provision is made for permitting either positive or neg
ative feedback. 

Integration Low-Frequency Rejection 

A low-frequency rejection circuit is provided to prevent 
undesired integration of de components and de drift from 
forcing the oscilloscope trace off the crt. It is also possible 
to reject line-frequency pickup and other low-frequency 
* Individually adjustable. 

1-2 

noise. Rejection will occur at about 1 cps or about 1 kc, 
depending on the setting of a front-panel control. The low
frequency rejection circuit may be switched in or out as 
desired. 

Output DC Level 

At ground potential. Output 1s adjusted to ground with 
a front-panel control. 

Crosstalk Between Operational Amplifiers 

Typically better than 400:l under following conditions: 
Both Operational Amplifiers set for unity gain with 
Z; = Z1 = 1 MEG, one amplifier driven with a capacitively
coupled oscilloscope Amplitude Calibrator signal of 100 volts 
(+SO-volt square wave of about 1-µ,sec risetime). Output 
of other amplifier will not exceed 330 mv. 

Other Characteristics 

Construction 

Aluminum-alloy chassis with Anodized panel. 

Accessories 

013-0048-01 2 ADAPTER, terminal 

013-0049-00 2 SHIELD, terminal 

1 03-0033-00 2 ADAPTER, BNC to binding post 

012-0087-00 2 CORD, patch 

070-0323-00 2 MANUAL, instruction 

® 



TYPE 0 

Section 1 

Page 1-2 

INSTRUCTION MANUAL 

C~acteristics 

Accessories 

TEXT CORRECTION 

REMOVE: 

103-0033-00 2 ADAPTER, BNC to Binding Post 

TEK O RB 

This insert is placed in its appropriate 
position in your Product Reference Book 
and pr>inted on colored paper to expedite 
retrieval. In a standard manual, it 
will be filed at the back of the manual. 

6-20-68 MB,313/468 1-2 





MODIFIED PRODUCTS 

Product Mod Description 

0 113V Add drag brakes. 

TEK O PRB 10-12-66 









To: 

Fro m: 

Sub ject : 

Inter-Office Communication 

'/ 

Field Engineers Da te: · December 14 9 1962 
Field Maintenance Engineers 
Regional & District Managers 

Field Training 

0 Unit Demo Adapter Kit 

The accompanying write up on the O Unit Demo Adapter Kit will 
serve . the purpose of aquainting you with several O Unit Demo 

Adapters for use as a sales tcroL 
. . 

Besides complete schematic information on four specific adapter 
circuits, you will find,some good general information on the 
0 Unit itself in the Question & Answer sectione 

The write up is one which accompanies a basic kit consisting of 
two blank boards, punched as for 013 048 and the necessary 
banana plugs and associated hardware for mounting sameo These 
are available from Field Trainingo 

Parts for the individual circuits may be obtained either through 
local sources or through regular Tek stock numberso 

Best regards, 

.----'7 ~ -·;:·· ,''/J ~ / ✓- ✓ 1< ' /- 1,-1 L,- { - , /...,.,J.-·1,. -r,_,-f. ...... ! L ', tl 

Arch F. Brusch 
Field Training Department 

pm 





0- UNIT 

DEMO ADAPTER KIT 

Copyright Tektronix, Inc. 
Beaverton, Oregon 1962 



0-UNIT DEMO ADAPTER KIT 

Contents: 

2 - Blank boards, punched as for 013-048 

12 - 134-014 

· Nuts and Hardware 

Suggested Uses: 

1 • Construction of basic demonstration circuits, adequate to demonstrate: 

a. The principles of operation of more elaborate circuits, for specific 
applications. 

b. The general concept of 0-Unit versatility. 

c. The use of external components for odd-values and trimming, for the 
three basic functions ( amp I ifi cation, differentiafion, integration } . 

d. The idea that external accessories are easy to build. 

2. Use as a "quick change 11 foundation for the 013-048 adapter. 

Suggested Circuits: 

l . Gated integrator {+going signals only) 

2. log amp adapter ( + going signals only ) 

3. Diode leakage Tester 

4. Slideback amplifier with large-signal compression. ( Suggested accessory: . 
calibrator rectifier adapter ) 

5. LF Function Generator 



l. GATED INTEGRATOR 
(+ Going Signals Only) 

Signal Input 

6045 

+20v h 1.5v 
Ov __J · L )---+ I -

Gate Input Penlite 
Cell 

A. Circuit using penlite cell. 

---~--~ - -- ----- -- -- - =-=- - -- -- - - -
I 
I 
I 
I 
I • 
I Signal 

I 
Vl 93A (;>45A ~ 
or equiv. I 

+ Gate 
A 

I 
I 
I 

I NOTE· I . 

I 

with+ integr~a_l __ ~-:- •-.➔I ____ .,.. To op. amp. A 

Signal with 
- integral 

')./f 
r-::1 r-
1 ,. 
i 
I 

,- - - -: : - - - -1 
I r I I 

I 

IM 

To op. amp. A 

Using se,cond op. amp. (operational amplifier) to 
obtain low-Z drive of proper polarity. 

--.- I-------------------------------

-lSOv 

ADD 

,.I 

4. 7K 
Zf 

Signal 
(from op. amp. B) 

6045 6045 

B. Circuit using scope mod. 270K resistor causes+ gate to start 
at -2v. 

I 
I 
I 
I 
I 
p 



2. LOG AMPLIFIER ADAPTER 

l0K 1% 

For+ going signals only (0.1-l00v) 
Max (·) Input (Destruct Level): 15v 

2-Spf 

l0K 1% 
>----+----------OUT 

Dl ERIE 2007 (152-071) 

D2 ERIE 2007 (152-071) 

D3 HUGHES 5000 (152-065) 

10K 1% 

25K 
1% 

(Select for (fwd) 

0.10 - 0.13v at 10 µa 
0;35 • 0.50v at 10 ma 

0.10 - 0.13v at 10 µ~· 
0.25 -0.30v at 1 ma.• 

0.25 - 0.40v at 10 µa 
0.35 - 0.50v at l0Oµa 

5.6K 5% 



3. DIODE LEAKAGE TESTER 

0 0 

0 0 

432-032 

S-Unit Diode Holder. Mount with 
large binder head screw to ground 
all leakage paths thru plastic. 

(D1 prevents negative quiescent level of sawtooth from turning on 
test diode.) 

+145v_)1 

ov_/ L 
'--y-J 
:::; 1 sec 

D1 (6061) 

69.SK 
309-264 

9.7K 
309-226 

A. Deluxe Version 

SENSITIVITY 

lµa/cm 

O.lµa/cm 

lOna/cm 

lna./cm 

0-lOv/cm 
lOK 

0-lv/cm 
5K 

ICALI 

25K 

~ 

Rt TABLE (1%) 

Rl 

lOOK 

100K 

1M 

lM 

SCOPE 

0.5v/cm 

50mv/cm 

0.5v/cm 

50mv/cm 

*98K would be the 
proper value, but 
we don't have any. 
Slightly more ac
curate ratio obtained 
with 95K and 1.95K 
(305-208). 

To 
,scope 

99K* · 
319-033 

2K 
309-098 



3. DIODE LEAKAGE TESTER (cont.) 

lM 

Zf (lOK to 0.2M) 

>-------------- ..... To scope 
Drive voltage monitor 

>---~--------• To scope . SOK ::,...,ai:.-----;~-oK---t<}- _ -oA __ ---1 

10 - Turn 
311-243 99K 

1M 
2K 

B. Simple Version (0-lOv/cm, lna/cm at 50rnv/cm) 

4na 

3na 

2na 

lna 

0 
I - --- - -------------

15 30 45 60 

Display at 20 msec/cm. 

Display at lOOrnsec/cm. 

i- --

75 

J 

), 
I J 

I 
/ I 

---- I 
I 

I 
,I 

# 
.,, . 

--- ..... ---
90 105 120 135 150v 

Step at start of display indicates diode capacitance. To reduce 
C effect, use slower Time/cm. 

To measure C, set sweep Time/cm to provide display uniformly 
displaced from normal (dotted line) display. Vertical displace
ment is proportional to C. 

C = (Vertical displacement)(Time/cm) 
Volts/cm 

Where vertical displacement is in amperes. 



' In example shown, vertical displacement 
Time/cm 
Volts/cm 
C 

""1 nano ampere 
.., 20 msec/cm 
"" 15v/cm 
= (10-9)(20xl0-3) 

15 
= l.33pfe 

NOTE: Too high a sweep repetition rate can introduce errors at 
start of trace. Operation in "Auto" mode recommended. 

4. SLIDEBACK AMPLIFIER 
with optional refinements. 

lM 

lM 
SIGNAL 

OFFSET 

I 

I ,......_ 
1 ___ - ( VI---- 7 

\ / ' 
- :!.:.-Monitor 

Offset 

A. BASIC CIRCUIT 

For <1% measurements, match R2 & R3 <1/2%. R4 
resolution, (gain), not DC accuracy. R1 should 
no offset monitor is used. . 

determines only 
be low Z only if 



4. SLIDEBACK AMPLIFIER (cont) 

lM 

1M 

I I 
I I 

I I ,.,,-,,, : -- - -,.,-1----
,, I o 

lM 

B. WITH COMPRESSION 

Diodes: Tl3G, 152-005, or any low-leakage germanium for smooth turn
over; use silicon for sharp turnover. 

100k 
I 
I I 

I ''/I . L--11---
,- (1 

C. WITH COMPRESSION 
OUTS IDE OF LINEAR 11WINDOW11 

l00K 

18K 

l0K 
R2 

6075 6045 1.2K 
(152-075)(152-045) 

; 

R1 - Window DC Level 

R2 - Window Size (±1 to±lOv) 

Gain inside of window is Xl. 



CALIBRATOR RECTIFIER ADAPTER 

NOTE: Where+ DC voltages only are needed, it 0s usually easier (in 530-40A 
Series) to simply remove V875, and take desired voltage from Cal Out 
jack (5ma max). If one operational amplifier only is needed, the 
other may be used as Oto -SOv power supply (5ma max) by feeding+ volts 
from calibrator to (-1) amplifier. 

Zf 1M 

Zf may be .made· 
variable. 

+SOv ------~AJ\,--------, 
Zi lM -------o. -SOv, 5ma 

..---,.......,+50v or +lma 

IN2070* 2200. 
~-""-'\,I\A,-~---1\N\,...---.p,-------, + 

+ + S0µf 

2K 100K CAL · 

lOOv-k* I 
Ilµf 

·_r 
I-50v 

"::.+--~-o ±50v at 10(\,,La 

* or equiv. 
5(\.L f 50v 
lµf 150v 

IN2070* 

290-117 
290-164 

-soµf 
-50v or+ lma 

+1 rOv 
Ripple = lmv. 

- -- -
'fric'Bring calibrator up to 100v in 

steps to avoid heavy initial load
ing (50 ma!). 

Construction Time: 20 min. 



/IJ -· 
5. LOW FREQUENCY FUNCTION GENERATOR 

.025 cps to 25 kc with Zi =Rat lM • 

• 25cps to 250 kc with Zi =Rat lOOK**• 

1 
(Rep-rate= 'Zi.Rc X vernier setting) 

INTEGRATOR 
BISTABLE COMPARATOR Zf • C = ~IR-ep_R_a-te ..... l 

r- -- - -
I 
I 

I 
_L ·-,-
' I 
I 

'----

C2 lOK 

.-- - - -1 1-- - - -
I I I I 
I , I 

lO0K 

. lO0K 

~Square 
Wave 
Out 

±7.Sv* 

Xl 

X0.1 

5.6K 

Rep Rate 
Vernier 

*Square and sine wave output dependent on n21• 

D1 • D4 = 6045 (152-045) 

'-----~ 

v- / Triangle 
/. Wave 

Turn Out 
±7.Sv* "LF Reject" 

Switch to 
"OFF" 

Dz = IN707 (152-004) for 15v p-p output (±2v). 
1 1/4 MlOZlO (152-064) for 21v p-p output (±2v). 

C1 Required when fastest rep-rates used. 

C2 May be desirable for fast turn-around. 

*For accurate vernier cal, keep Zi >SOOK, or reduce vernier to 
20K and 2.2K (lowest permissible value!). 



BASIC CIRCUIT TRICKS: 

1. "MAGNIFYING" THE VALUE OF Zf (increasing the output excursion required 
to maintain a null). 

Xl 

xoo 

Low Z 
(10-20K') 
Divider 

LIMITATION: Cannot provide high values of current. 

2. OBTAINING A 11±11 ZENER WITH LOW SHUNT C: (very close synnnetry) 

152-045 (6045) for Ez up to 125v 

152-061 (6061) for Ez up to 200v. 

Where specific asymmetry is required (as, +6v, -12v), use this circuit 
to maintain low C: 

6045 6045 

Recommended low~cost zener 
for fast work: (l/4w) Hoffman 
IN707. 7.lv ± 0.9v Tek# 152-004 
Max current <:9 30 ma. 



Q and A Guide For Demos 

Q: Why an open-loop gain of only 2500? 

A: This is a leveled-off characteristic, and gives us a nearly constant error• 
factor out to about 10 KC. Mo't conventional operational amplifiers with 
open-loop DC gain of 104 to 10 are down to unity gain at 100 KC or less, 
and are usable as 1% devices only below about 5 KC or so for even Xl gain. 
By contrast, the O•Unit's amplifiers are usable at Xl gain out to about 
30 KC for the same amount of error. In this respect, the 0-Unit, for 
signals above 100 cps or so, is the equivalent of an operational amplifier 
with an open-loop gain of 105 or more. And, since the typical rolloff of 
super-high gain amplifiers is at a 12 db/octave rate, the O•Unit is in a 
class by itself beyond 100 KC. 

Q: You tell me that I can use the 0-Unit to integrate and differentiate. Wha.t 
advantage does this have over using passive components? 

A: In the first place, a given passive RO time-constant is useful for integra• 
ting or differentiating only a very limited range of signals. Accurate 
integration or differentiation for the purpose of measurements requires 
first that the user be willing to accept at least a 10-1 reduction in . 
signal level, so that only the "linear" portion of the selected time-constant 
curve is used, and second, that no significant time element within the 
waveform to be processed approaches.the time-constant used any ,closer 
than a factor of ten or so. · · 

These points are illustrated on the following pages. 



Input Signal A. 

True Int~gral (=l) 

Fig. l. PASSIVE vs. ACTIVE INTEGRATION 
TmR1C1, 

~~~I-
I. -· · ---· ·· · -E_j__~ 1 (Waveform with J!!!!!_ significant 

Ov--_, . time element) 
T 

..1 

_iL 

Passive Network 1. Ov __ _,. E0 = O. 63 
T 

Passive Network 2. 

Input Signal B. 

True Integral 

Ov_~:r------_-_-_-_-_-_--E~ 0.1 
y· T 

lOX attenuation required just to ob
tain proper integral in this interval. 

T=R1Cl 

-l ~T=4R 1c1 -
I ' l 

~ (Waveform with~ significant IEl .. =ll E2= - -r. E3--0 
Ov __ __, -"'-~ _(£. ___ -~Ov .time intervals) 

I f I 
I I 

I I 
I 

1 E = l 
y I 

I 
1 , 1 E ""0 

0v ' , 11" Ov __ _,. I - ----

1 

E = O. 63 
V 

Passive Network #1 Ov __ _ Ov 

Passive Network #2 Ov __ .., .., _ Ov -==--=--., 

Passive Network #3 Ov I = 0•025 0v -----:-- - J:..._ - -- - - - - __ -.,,.,. __ 

'to Tl T2 

Attenuation of 40 at T1 required to obtain accurate measurement over 
the interval T0 - T2 , where T1 - T2 • 4 (T0 = T1). 



IL\ 
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l. INTEGRATION. Let's suppose it's desirable to determine the "area" under 
a pulse (Fig. 1.) -- a measurement of volt-seconds, or, assuming a con= 
stant impedance circuit, of watt-seconds (energy). To use a passive 
network, the user must first determine the integrating interval, then 
select a time-constant at least ten times longer than this interval, 
then pick the components of the time-constant to be compatible with 
the impedance of his driving source. 

The true integral of the waveform shown is illustrated below the "Input 
Signal A" waveform in Fig. L Note that the operational amplifier 
integral (1) provides a true integral not only for the interval T to 
T1 , but also beyond T1 , and (2) provides an answer which can be m~de 
any convenient amplitude simply by selection of Rand C. The passive 
network, on the other hand, even in the ideal case shown, must attenuate 
by a factor of 10 to obtain accurate integration even over the short 
interval T -T1• In the case of input signal B, where 
we are intgrested not only in the integral at T but also again at T2 , 
a time constant 40 times (or more) longer than !he shorter integrating 
interval is necessary to obtain an accurate answer. Unfortunately, 
this attenuates the amplitude at T by a factor of 40, making accurate 
measurement of small signals next !o impossible (the difference between 
50 mv and 1.25 mv is readily appreciated by a man with a 50 mv/cm 'scope). 

The user of an 0-perationa-l amplifier is not hindered particularly by 
these considerations. If R1 and c1 do not provide him with adequate 
amplitude for measurement -- as in the case for Input signal B, where 
he may want to adjust the amplitude of Ez to a value that will bring the 
integral at T2 to a value very close to ~ero -- he may pick smaller 
values of C without disturbing either the accuracy of his measurement 
(until he has run outside the accuracy limits of his operational amplifier), 
or his input impedance. 

In' the case of the 0-Unit, the 1 second time-constant z1 = 1 Meg, Zf = lµf 
may be used without impairment of accuracy for integrating intervals of 
up to 24 seconds (1% error factor due to the operational amplifier gain 
limitation). 

To obtain the same capability from a passive network, a 240-second time
constant would be required -- such as 10 megohms and 24 µf! Assuming 
a one-volt peak amplitude signal, this value would be attenuated by an 
absoulte minimum factor of 10 (where al v level was held for 24 seconds) 
and probably by a factor of 50 or more, assuming a complex signal. 

It must be granted, of course, that a passive network does not suffer from 
DC drift, etc., whereas an operational amplifier may. The O-Unit 8 s 0.3 na 
grid current with a 1 µf feedback capacitor will produce 7.2 mv drift in 
24 seconds. 



Input Signal A. 

ACTIVE DIFFERt"NTIATION 

E el , (Waveform with~ significant 
time element.) R 

l 

j_ 

True Differential Ov --~! -__ ,_I _______ E;l 

Cl ~ 
0 11 ~ 0 

Input Signal B 

True Differential Ov __ _, 

Passive Network #1 0v 

J_ 
E =0.2 

0 

T 
J_ 

E =O.l 
0 

T 

Note departure from true differential during first 
5 RC 0 s (R3c3). Rate•of"'.cha.nge of input signal just 
isn't being indicated during this time. 

(Waveform with~ 
significant tune elements) 

1 Rl 

0 

--

= 0.1 
RlCl 

T R2C2 =-- 10 

I R2 

0 

--

~-I ----

c3 

Passive Network ffo3 Ov __ __. _____________ I 1 -11 
E .., 1/40 

0 

T R c1 R3C3 =T 



2. DIFFE~ENTIATIONo The same general principles app to passive 
differentiation as to passive integration. Picking ~n RC time-
constant roughly equal to the rise~time of the signal whose rate-of
change is to be measured will result in an inaccurate answer. Only 
when a time constant 1/10 or less of the duration of the rate-of-change 
to be measured is used, can the answer approach (after 5 time-constants) 
the value sought. Attenuation will be at least lOX in the best possible 
case, which is illustrated (Input Signal A) in Fig. 2. · 

In attempting to view the linearity of the start of the ramp, a time
constant must be chosen which is less than 1/5 of the time from the 
start of the ramp to the first point to be examined, if a passive 
network is to be used. To examine the second 1% of a ramp of duration 
T, the RC selected must be T/500 or less. The average output level 
would be 1/500 of the peak ramp level (a 15 v ramp would be differentiated 
to a pulse 30 mv in amplitude using a passive network that would assure 
measurement of the rate of change over the last 99%). 

Except as limited by the open-loop risetime (see page 5), the operational 
amplifier provides much superior performance. In the case of a 15 v, l 
msec duration ramp, the 0-Unit can provide a differentiated output of 
15 v, quite accurate after the second microsecond (compensation of Zf will 
be requiredj however, to prevent ringing due to stray Cat the input). 

To obtain equivalent performance from a passive network, it would be 
necessary to follow the network (0.2 or 0.4 µsec RC) with a voltage gain 
of 250-500 at a bandwidth of at least 750 KC -- a pretty good amplifier. 



SUMMARY: So, to summarize, an operational amplifier offers these advantages over 
passive integration and differentiation networks: 

1. The selection of time-constants affects only output amplitude, not 
measurement accuracy (within the op-ampvs gain limits). 

2. The output amplitude from the operational amplifier for a given 
time-constant will be greater. The operational amplifier's output 
will be at least ten times greater than that of the highest-output 
passive network usable for comparable performance. 

3. The range of operations performable with an operational amplifier and 
easily manipulated components (ever try to buy a 100 µf lic mylar 
capacitor or a 100 meg 1% resistor?) is at least 10 times greater than 
with the same selection of passive components. Only at very high speeds 
(nanosecond region) do passive networks come into their own again. 



Q: The error-factor bothers me. Do you have any rules of thumb for avoiding 
large measurement errors? 

A: Yesc In the region where the operational amplifier gain is 2500 (DC• 1 KC), 
you can go for a gain of 24 with less than 1% error contributed by the amp• 
lifier (Zi and Zf component tolerances and signal source impedances will 
contribute, of course). 

Q: 

A: 

Out to 15 KC, an attempted gain of up to 9 won't cause more than 1% ampli• 
fier error. Above this point, compensation should be used for optimum 
accuracy. The absolute upper limit for less than 1% error contribution 
by the amplifier is 75 KC, where the maximum closed-loop gain must be held 
to l for 1% accuracy. If 10% error is tolerable, the frequency limits for 
XlO gain and Xl gain become 150 KC and 750 KC respectively (with compensation). 

That's all very nice for sine-wave amplification. Now, how about pulses and 
complex waveforms, and differentiation and integration? 

This is the toughest question there is to answer in operational amplifier 
work. However, we can approach it by taking one element at a time. 

1. PULSE WORK: If you 1 11 look at the open loop risetime of the 0-Unit, 
you can consider this to be the variation of opQn-:Loop gain with time 
after the arrival of a signal. 

MAX Zf/Zi 

104 ...-------r-------.------.------r-----,--------, 
FOR GIVEN ERROR 

1% 3% 10% 3000 

2i88o 
24 73 266 

9 30 110 

OPEN 
LOOP 
GAIN 

300 
1 

100 

30 

10 

10 

lOOnsec .3 lµsec 3 10µ.sec 30 100µ.sec 

----''l!o---- TIME AFTER START Oit SIGNAL 

FIG. 3. Open-loop risetime viewed as variation in 
"A" with time after start of signal. 

The open-loop gain (Fig. 3) rises to 10 after about 100 nsece An 
open-loop gain of 10 will support a closed-loop gain of l with an 
error of 17% 

The open-loop gain rises to 100 after about l µsec. This open-loop 
gain will support a closed-loop gain of l with 2% error, or a 
closed-loop gain of 10 with 10% error. 

NOTE: These figures apply only to the "erroru using exact values of external 
components. Because the o~Unit's 10 pf and 100 pf capacitors are adjusted 
IN CIRCUIT under dynamic conditions, errors will not necessarily be as shown. 
See page 7. 
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waveform; virtual gain-::::: 1. 

B. "VIRTUAL GAIN" during differentiation. 



After about 15 µaec, the open-loop gain is up to 1000, and amplifier error 
is negligible for a gain of 1 or 10, but 10% for a gain of 100. 

NOTE: Because we allow waveform aberrations on the order of 2-5% (hook, 
overshoot, undershoot, etc. l,,_ however. due to imper feet R's and C I s, we 
cannot claim 11 1%11 measurement accuracies for high-speed work. 

2. "GAIN" for differentiation or integration: 11gain 11 for an operational ampli
fier is proportional to Zf/Z1, but during differentiation and integration, 
one of these impedances is time=dependent, and (except in the case of 
sinewaves) cannot be assigned a fixed numerical value. 

However, we do have a way of assigning a "virtual gain" factor. 

For integration, the virtual gain is the ratio between the integrating in-
terval and the RC time=constant selected t 

Gv .,. ~• 

The integrating interval, for this purpose, may be considered to be that 
span of time during which the integral continues to increase. With a 
symmetrical waveform, t1 would be considered to be the duration of one 
half-cycle; with an asymm.etrical waveform, however, ti would be whatever 
interval over which measurements continue to be taken. The larger the 
value of RC chosen, the lower the "virtual gain". 

For ball-parking, virtual gain during integration may be taken as the 
ratio between the final value of the output and the "eyeball average" 
input voltage level (Fig. 4A). 

For differentiation, virtual gain is the ratio between the RC time=constant 
selected and the time (t) during which a given change takes place: G = RC. 

V t 

If the steepest de/dt takes place during an interval approximately equal to 
the RC selected, virtual gain may be taken as 11111 • If the selected RC is 
three times longer than the interval containing the steepest rate of change 
(de/dt), the 11gain 11 (for that interval) is three, etc. See Fig. 4B. 

For greatest accuracy, either in differentiation or in integration, virtual 
gain should be kept low. 

A good practice is to select RC to equal the integrating interval or the 
duration of the steepest portion of a signal to be differentiated. 

3. Special limits: 

a. Differentiation: Because open-loop gain is risetime-limited (Fig. 3), 
differentiation using precision external componenets cannot become very 
accurate until the input rate=of-change is maintained for some time. 
With a virtual gain of 1, the operational _amplifier will require that 
the input rate of change be maintained for 100 nsec for the output to 
reach 83% of the proper levelj and for 1% accuracy~ for 2 µsec or longer. 
However, the values of internal cooi.ponents normally used for differenti
ation of fast-rising waveforms (100 pf and 10 pf) are adjusted under 
dynamic conditions and partially compensate for these errors.. See Page 7. 
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b. Integration: l'he shortest internally selectable time-constant is 
100 nsec; shorter external time=constants should not normally be 
used, because of current limitations and stra.y=C problems. 

Because of the risetime limitation of the operational amplifier, one 
would expect that with an integrating interval of 100 nsec for a 
11v:irtual gain" of 1, that the A-factor would never get above 10 in 
this interval and the error in the answer would be 17%. At the end 
of lµsec, the virtual gain would be 10 and the A-factor only 100, 
so the error would still be 10%, and getting worse again, since 
after a few µsec, the virtual gain continues to rise linearly, 
while the A~factor starts leveling off toward 2500. 

However~ 11all is not lost", The 10 pf and 100 pf Zf capacitors are 
calibrated during integration, so that the error is much less than 
these figures indicate. 

4e Compensation. Input Cat the =grid of the O=Unit is approximately 35 pf 
(a little less if you switch the ±GRID switch to uv+11 and ground the +grid 
externally), which will have a definite effect on the accuracy of high
speed operations. 

The closed-loop ~3 db bandwidth of the operational amplifier varies from 
about 750 KC to about 1.5 me for a gain of 1~ depending on which pair of 
equal resistors you select for Zi and Zf. With compensation, this band
width may be extended to the 10-15 me region. 

Depending on the application, Zp Zf, or both may require external compen
sation for accurate results. Fig. 5, shows some of the results of over
and under-compensation. 

5 •. Use of Standard Waveforms for Calibration. The obvious answer to the.prob
lem of making accurate measurements using short (external or internal) time 
constants is adjustment of these values to give correct a~ers using 
standard signals in the same ballpark as the signals to be measured, part-· 
icularly in terms of time and virtual gain. 

Methods of obtaining standard waveforms from a 535A/545A oscilloscope are 
shown in Fig. 6. The delaying-sweep scopes- are preferable, since the 
duty-cycle of the waveform is easily controllable, to permit complete 
stabilization·between measurements. 



Fig. 6. OBTAINING "STANDARD" WAVEFORMS 
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COMPATIBILITY 

PLUG-IN CYCLER 

Bill Roberts to Geoff Gass 

I have a plug-in cyler. The voltages in this unit will 
vary considerably depending on how many and what 
ki.nd of plug-ins are installed. The -150 V will vary 
from 140V to over 200V. The other voltages vary a 
like amount. I would like to know whether you feel 
these voltages would be damaging to units such as 

Geoff Gass to Bill Roberts 

Bill Goard te!ls me that none of these plug-in 
cyclers have regulated supplies, and the output volt
age may vary widely with line and load variations. 

This says the cycler should m,verbe used with a Z
Unit, which will blow transistors if the power sup
plies are off by more than a few percent. The toler
ance of the Z to -150 v variations extends from 
about 140 v to 155 v at the plug-in connector, which 
is the range of the various direct ( 132-133-532) and 
decoupled (530/40/50 series) supplies from the 
scopes and power supplies if they're within toler
ance. 

I share your concern for the Mand other new plug
ins employing semiconductors. I'd be inclined to say 
that use of the cycler should be strictly limited to 
those plug-ins which were in existence when the cy
cler was designed several years ago. Just for 
laughs, let's sayitprobablywouldn'thurta: (53, 53/ 
54) A, B, C, D, E, G, H, K, L, P (!), Q, S, T, or TU-
2. It could possibly bottom out the power supplies in 
the R Unit and cause other problems in other more 
recent plug-ins. The Z should never be cycled in 
this box. 

However, variations as great as you describe indi
cate that the underload relays may not be working 
in your instrument. There's a relay for each hole 

ADAPTERS 

The O Unit temporary manual 070-323 jumped the 
gun a little bit in listing adapter boards 013-048 
and terminal shields 013-049 as standard accessor
ies for the O Unit. 

These accessories were not promised to customers 
in the tentative spec sheets and will not be avail
able for shipments of early production instruments. 

TEK O IRB 3-25-64 

4-23-63 

the M unit and others which have transistorized cir
cuitry. 

I am also curious to know whether other plug-in 
cyclers have the same characteristics or whether I 
am laboring under a misaprehension. 

Thank you for your assistance in this matter. 

4-30-63 

which throws a nominal load across each supply 
when pin 2 isn't grounded. The+350has a fixed load 
on it ( 40 K) and isn't affected by the relay. 

However, I'd be a little leery of the adequacy of this 
"go, no-go" kind of regulation for keeping the sup
plies any closer than "ballpark" for the various pos
sible loadings. So for my money, the use of the cy
cler is something that can be recommended only 
with reservations. 

I'm sure glad you brought this up, Bill - - design 
engineers try to make their plug-ins compatible 
with scopes, and most of 'em probably are not even 
aware of the cyclers. Even those who know about 
the cyclers would probably be unwilling to compro
mise the cost or performance of their plug-ins to 
assure "no problems" with the cycler. 

So all in all, it looks like we have a cycler problem, 
I'll put this warning into the Speednote. Hope no
body's gotten into trouble. 

P .S. Bill Reich points out that the 127 (only $650) 
makes a dandy cycler. Regulated, too, and has 
an under load relay for operating with only one 
hole filled. This would be a best bet for any 
boxes which look like they might be voltage
sensitive. 

FEN 9-9-62 

These items will be added as standard accessories 
as soon as they are available (tentatively by the 
end of April). Customers receiving early O Unit 
shipments may be offered the accessories as a cus
tomer accommodation, at the discretion of the 
field engineer. These accessories, of course are 
not necessary for satisfactory O Unit operation. 

1 



0 UNIT GRID-CURRENT CHECKER AVAILABLE FROM FIELD 
MAINTENANCE SUPPORT 

FEN 7-27-62 

The test jig used to check grid current in the Type 
0 Plug-in operational amplifiers is available 
(internal use only) from Field Maintenance Support. 
This is similar to the jig described in the Type 
0 factory cal procedure, but with minor modifica
tions for ease of assembly and use. 

ADAPTERS 

Production of O Unit adapters is tentatively sched
uled for mid 1963. Circuit designs were developed 
by Hiro Moriyasu and are being adapted for produc
tion by Bob Johnson in Lang Hedrick's accessories 
design group. The adapters will be made on etched 
circuit boards, with cast aluminum housings and 
photo-etched aluminum saddle-type covers. 

Logarithmic amplifier: 4-decade (±.1 to 100v) 
similar to the design shown on page 3-8 (circuit 
13 of the O unit manual but withac-dc coupling). 
At the phase A meeting, it was estimated that 
production might begin about March 1963. Price 
will probably be about $60. Don't sell 'em until 
they're announced in the PAL. 

Low frequency function generator (circuit 24 in 0 
Unit manual). 

Gated integrator (similar to circuit 22). 

Low frequency sine wave generator (circuit 25). 

Amplifier compensator for Xl, XlO (circuit 1, 
modified). 

Diode leakage test jig ( circuit 19, modified). 

2 

There is no Tek Number. 

Order by IOC from Bill Goard, Field Maintenance 
Support. 

FEN 11-30-62 

AC COUPLER not for sale 

A limited number of ac couplers for tweaking the 
100 pf and 10 pf ranges of the O unit is available 
from field maintenance support. These are con
structed in surplus attenuator cases and are for 
in-house use only -- not forsaletocustomers. The 
unit isn't absolutely necessary for calibration -
an unterminated 107 (see manual, page 7-8) is 
adequate for customer use. 

ADAPTER HARDWARE KIT not for sale 

Because of the difficulty inobtainingfinishedOUnit 
adapters for demo use until the designs are a little 
further along in the phase system, we've put together 
an O demo kit, consisting of the following: 

2 

12 134-014 

10 210-202 
2 210-204 
12 210-407 
1 

blank boards punched as for the O 13-
048 accessory 
banana plugs with 6-32 studs (134-
013 banana probe tips may also be 
used but they have longer shoulders) 
solder lugs, SE-6 
solder lugs, DE-6 
nuts, 6-32 x 1/4" 
set of suggested "operating principle" 
circuits, hints, kinks, etc. 

You can use the hardware from a regular 013-048 
adapter accessory to complete the adapter. About 
150 kits are available from field training. 

3-25-64 TEK O IRB 



0 UNIT ACCESSORIES Sll'RVEY 

As a result of the O Unit Accessory Adapter survey 
March 1, Engineering has shelved two of the pro
jected adapters, and plans to continue with two 
of the projects--the diode and transistor leakage 
test adapter and the amplifier compensator. The 
other two adapters- -although estimated sales indi
cated possible product feasibility, the field reaction 
was against introducing these as products, indicating 
that their availability would offer little net benefit. 

There is no estimate yet on availability of the two 
projects still in the mill- - "late 63" is a good guess. 

Here are the survey results: 

Questionnaires sent out- -99 
Returns received--45 (including 4 "no bid"). 
Not all returns answered all questions, so totals 
don't add. 

FEN 6-14-63 

*Kg,, 0 Units bought in the expectation that such 
an adapter would be forthcoming, or customers 
refusing to O's until adapter is available. 

**Figures in parenthesis indicate probable total 
(domestic plus overseas) sales. 

When a customer has a particular need for one of 
the shelved adapters and is unable to construct one 
of his own from the data in the O Unit"''""""'°'" nego
tiate with Ron Goard for a possible Custom SpeciaL 

Predicted Sell Probable Rank of 
0 Sales?* More O's? Adapters/Yr Importance Yes/No 

Diode-Transistor 
Leakage Adapter 

Compensator 
Adapter 

Function 
Generator 

Sine-Wave 
Generator 

10+ 

18+ 

2+ 

2+ 

Yes 7 
A few 16 
No 13 

Yes 6 
A few 13 
No 17 

Yes 6 
A few 8 
No 23 

Yes 6 
A few 7 
No 24 

0 UNIT GA TING ADAPTER IN STOCK 

Gating adapter 013-068 for the O Unit is available 
(limited quantity) from Customer Service stock. 
Price has been set at $75. 

The manual is 070-395. Additional discussion, oper
ating information, etc. was included in the "IEEE In
struments" book distributed in March, Corrected 

TEK O IRB 3-25-64 

103+ 
(200)** 

124+ 
(250)** 

85+ 
(175)** 

79+ 
(150)** 

Xl - 16 
2 - 3 
3 - 6 
4 - 4 
5 - 3 

1 - 4 
X2 - 20 

3 - 4 
4 - 2 
5 - l 

l - 6 
2 - 1 

X3 - 16 
4 - 3 
5 - 4 

1 - l 
2 - 4 
3 - 4 

X4 - 16 
5 - 5 

Yes 22 
No 20 

Yes 15 
No 17 

Yes 8 
No 24 

Yes 8 
No 24 

FEN 6-14-63 

and updated information, and a step-by-step proce
dure for real-time processing of sampled data and 
calculation of scaling factors, is scheduled for a late 
summer O Unit IRE supplement, Until this is printed, 
manuscript copies may be obtained from Field Info 
if needed (specify which). 

3 



THIRD O UNIT ADAPTER IN STOCK 

The Amplifier Compensating Adapter - - third of the 
four planned 0-Unit accessory adapters -- is now 
in stock. This unit provides continuously adjustable 
one-knob compensation for amplifier gains from 
Xl to X 100, and may also be used for compensating 
the gain <l configuration of the 0-Unirt s operational 
amplifiers. Use of the compensator with the ampli
fier set for gains of Xl to X 100 provides bandwidths 
close to the open-loop gain-bandwidth curve (See 
0-Unit Manual, page 2-4). With overpeaked or 
rolled-off settings, it may also be useful for some 
bandwidth-tailoring applications, though it was not 
especially designed for this. 

The Compensating Adapter is TekNo. 013-081. The 
manual is 070-416, T-slotted for insertion into the 
0-Unit Manual. Price of the 013-081 is estimated 
at $35., but has not yet been set by the pricing 

4 
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committee. For a firm quote, contact Customer 
Service. 

Other adapters available are: 

013-067 -- Logarithmic Amplifier Adapter. The 
manual for this unit is 070-386; additional technical 
data is included in the 0-Unit IRK 

013-068 -- Gating Adapter. Manual for this unit is 
070-395; additional information relating to real
time processing of sampled data using the gating 
adapter will be included with next 0-Unit IRB Sup
plement. 

The proposed diode-transistor leakage test adapter 
is still in Engineering and will not be available for 
several months. 

3-25-64 TEK O IRB 



Tektronix, Inc. 

Gating Adapter 

for 

Type O Plug-In 

S.W. Millikan Way • P. 0. Box 500 • Beaverton, Oregon • Phone Ml 4-0161 • Cables: Tektronix 

Tektronix International A.G. 
Terrassenweg 1 A • Zug, Switzerland 8 PH. 042-49192 • Cable: Tekintag, Zug Switzerland • Telex 53.57 4 

070-395 563 
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Gating Adapter 

for the 

Type O Plug-In Unit 

General 

When the Gating Adapter is plugged into the 'B' Opera
tional Amplifier of a Type O Plug-In Unit, an electronic 
switch is formed that is used to gate "on" and gate "off" 
the 'A' Operational Amplifier. A repetitive signal applied 
to amplifier 'A' will then be amplified, integrated, or dif
ferentiated only during the "on" time. There will be no 
signal at the 'A' output during the "off" time. 

The Gating Adapter is of great value during integra
tion operations. Except with signals which have a net 
integral of zero, true integration is impossible without 
gating since the integral of a repetitive signal would ac
cumulate to a voltage value beyond the range of the 
Type O Unit. The Gating Adapter, however, permits inte
gration for a selected time and then resets the integrator 
to zero. This cycle repeats with each oscilloscope sweep. 

The 'A' amplifier is gated "on" by applying repetitive 
positive-going pulses of about 20 volts amplitude to the 
Gating Adapter input. The amplifier remains "on" for the 
duration of the pulse, and is "off" during the time between 
pulses. 

In order for the output of the 'A' amplifier and the 
oscilloscope display to be coherent, both the sweep and 
the gating pulse must bear a fixed time relationship to 
the 'A' input signal. One way to accomplish this is to 
externally trigger the oscilloscope sweeps with the 'A' 
amplifier input signal and to use the plus gate output 
of the oscilloscope as .the gating signal. Oscilloscopes 
such as the Tektronix Types 535A, 545A, 555, and 585, 
which have a delaying sweep feature, will provide greater 
flexibility in the gating operation. The set-up and com
pensation procedure at the end of this manual contains 
several extra steps to show how the delayed sweep gate 
may be used to turn on the 'A' amplifier at a selected 
time after the beginning of the oscilloscope sweep. 

Theory of Operation 

The Zener diode and capacitor at the Gating Adapter 
input have the effect of a battery. Repetitive pos1t1ve
going pulses produce a voltage drop across the diode 
and maintain a charge on the capacitor. Because of this 
charge, the input pulses are negatively offset after pass
ing through the diode-capacitor network. 

The 'B' Operational Amplifier is connected as a unity 
gain, inverting amplifier. Hence, pulses of opposite polar
ity, but equal amplitude are applied across the diode 
bridge. For the duration of a pulse, all four diodes are 
back-biased and exhibit a resistance of about 200 X 109 

ohms in parallel with the 'A' amplifier Z1• Since this high 
parallel resistance does not effectively alter the Z1 value 
(in most practical applications), the 'A' amplifier is turned 
on. 

When a gating pulse ends, the stored charge in the 
input capacitor reverses the polarity of the voltage across 
the diode bridge. All four diodes conduct and appear 
as a low resistance in parallel with the 'A' amplifier Z1. 

With Z1 reduced to nearly zero ohms, there is essentially 
no signal at the 'A' output. 

limiting Factors 

The 'A' amplifier should be turned off no more than 
90% of the gating signal period or 2 seconds, whichever 
is the shorter time, so the charge on the Gating Adapter 
input capacitor is maintained. If the charge falls below 
a certain value, the forward bias of the diode bridge is 
removed and the 'A' amplifier will pass the signal during 
"off" time. Remember that the duty-factor of the oscillo
scope plus gate output signal is a function of the sweep 
triggering rate as well as the ratio of the 'A' sweep dur
ation to the 'B' sweep duration. 

During the time the amplifier is gated "on", the 'A' out
'A' input signal can produce sufficient current through 
the 'A' Z; component to significantly alter the diode bridge 
forward current. If this occurs, a small amount of signal 
will be passed to the 'A' output. The amount of voltage 
that can be applied to the 'A' input without causing signal 
feed-through is directly proportional to the Z; impedance. 

During the time the amplifier is gate "on", the 'A' out
put voltage swing must be limited to about +20 volts. 
This is to prevent variation in the Z1 value due to over
riding of the diode bridge back-bias. The exact output 
voltage limit is directly proportional to the gating pulse 
amplitude. 

During the trans1t1on from off to on, 'A' amplifier is 
unstable for a few microseconds. This generally is of little 
consequence except when very short gating periods are 
used. The effects of the transitional instability are minimized 
by proper adjustment of the two compensating capacitors in 
the Gating Adapter. 

The gate period for integration is limited to about 20 
times the selected integrator time constant. The limit can be 
raised considerably by turning on the 'A' amplifier INTE
GRATOR LF REJECT, but this partially defeats the purpose 
of gating. 

The 200 x 109 ohms resistance of the back-biased diode 
bridge parallels the 'A' Z1 during 'A' "on" time. Hence, 
this determines the minimum useable integrator capacitance 
because the bridge resistance tends to discharge the inte
grator capacitor. This discharge will not be noticeable un
less the time constant of the bridge resistance and the inte
grator capacitor is a significant percentage of the integrator 
network time consant. 

1 



Gating Adapter 

Set-Up and Compensation 

The following steps give the necessary information to es
tablish the 'A' Operational Amplifier in a Type O Plug-In 
unit as a gated, unity-gain amplifier. These steps should be 
performed regardless of the type of operation to be per
formed by the 'A' amplifier. Also included is the procedure 
for adjusting the compensating capacitors in the Gating 
Adapter. This procedure is intended for use with an oscil
loscope having a delaying sweep feature. Other oscillo
scopes may be used by substituting the appropriate control 
settings into the procedure for the oscilloscope used. 

1. Set the oscilloscope controls and switches as follows: 

'A' STABILITY clockwise 

'A' TRIGGERING MODE AC 

'A' TIME/CM .5 mSEC 

VARIABLE CALIBRATED 

HORIZONTAL DISPLAY 'B' INTENSIFIED BY 'A' 

5X MAG. OFF 

'B' STABILITY clockwise 

'B' TRIGGERING MODE AC 

'B' TIME/CM 1 mSEC 

'B' LENGTH clockwise 

DELAY-TIME MULTIPLIER 2.00 

AMPLITUDE CALIBRATOR 1 VOLTS 

2. Plug the Gating Adapter into the 'B' Operational 
Amplifier. The cam on the adapter housing should 
trip the +GRID SEL to(-). 

3. Plug the Gating Adapter leads into the 'A' Operational 
Amplifier -GRID and OUTPUT jacks. 

4. Set the Type O Plug-In Unit controls and switches as 
follows: 

'A' +GRID SEL 

'A' and 'B' INTEGRATOR 
LF REJECT 

'A' Zi and Z1 

'B' Zi and Z1 

VOLTS/CM 

VARIABLE 

VERTICAL DISPLAY 

VERTICAL POSITION 

(-) 

OFF 

1 MEG. 

EXT. 

.5 

CALIBRATED 

EXT. INPUT + DC 

to center trace 

5. After the plug-in unit has warmed-up, check for proper 
adjustment of the DC BAL. and GAIN ADJ. controls, 
using a free running display. 

6. Set the plug-in unit VERTICAL DISPLAY switch to OUT
PUT -B. 

7. Adjust B OUTPUT DC LEVEL as described in the Type 0 
unit manual. 

2 

8. Set the plug-in unit VERTICAL DISPLAY to OUTPUT A 

9. Adjust A OUTPUT DC LEVEL. 

NOTE 

The OUTPUT DC LEVEL adjustments are very im
portant to proper operation and should be re
checked often. 

10. Connect the oscilloscope +GATE 'A' output to the 
Gating Adapter input. 

11. Set 'A' TIME/CM to 2,uSEC and 'B' TIME/CM to 5 ,uSEC. 

12. Set the Type O Unit VOLTS/CM to 2. 

13. With the cover-plate in place, adjust the Gating Adapter 
compensation capacitors: 

a. Adjust C I for minimum amplitude of the pulse at the 
left end of the intensified trace zone. 

b. Adjust C2 to make the portion of the intensified 
trace zone following the pulse appear as straight 
as possible. 

c. Balance the two adjustments for the smoothest 
transition from the pulse to the remainder of the 
intensified trace zone. 

NOTE 

Step 13 completes the compensation and basic 
set-up procedure. The remaining steps are provid
ed to illustrate a few of the basic operating 
procedures which can be used to obtain maxi
mum measurement versatility. 

14. Set 'A' TIME/CM to .5 mSEC and 'B' TIME/CM to 1 
mSEC. 

15. Connect the oscilloscope CAL. OUT to Time Base 'B' 
TRIGGER INPUT and to the 'A' Operational Amplifier 
INPUT. 

16. Set the Time Base 'B' triggering controls for an external
ly triggered display. 

The trace should display a signal only in the intensified 
zone. The 'A' TIME/CM switch and the VARIABLE control 
settings can be changed to include the desired number of 
pulses in the display. The DELAY TIME MULTIPLIER control 
can be set so the display begins between pulses or during a 
pulse. The 'B' TIME/CM switch, the 'B' LENGTH control, and 
the 'B' sweep triggering rate determine the time seperation 
between the groups of pulses. 

The oscilloscope controls mentioned in the foregoing para
graph are used in much the same manner when the system 
is operated as a gated integrator or a gated differentiator. 

The Type O Unit, 'A' amplifier and Preamplifier controls 
and switches are used as described in the O unit manual, 
with one exception; the 'A' amplifier INTEGRATOR LF RE
JECT switch is normally left in the OFF position. 
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Gating Adapter 

\ A' AMPLI Fl E.12, INPUT SI 6NAL (I) 

GATING SIGNAL 
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► 

AMPLIFICATION n (3) 
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(3) 
I 

(i) GATING ADAPTE.12- I 
I 
I 
I 
I I 

I I 

I NTE.GP..ATI ON 

(\) 
(4) 

(4) 

(2) C:,ATING ADAPTE.12,. 
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(2) GATING ADAPTl:.R-

NOTE.: WIWe.FOJl.M AMPLITUDE.~ 
IJOT TO ':>CALE. 

GATING ADAPTE.12-SE.~ 
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Gating Adapter 

REF. PART SERIAL NO. Q 

NO. NO. 
T DESCRIPTION 

EFF. DISC. Y. 

175-294 CABLE ASSY., MINUS GRID 
(Consisting of) 

134-024 1 PLUG, Banana, Male 
200-489 1 COVER, connector 
175-026 1 CABLE, Coax. 75 o 5" 
358-117 1 BUSHING, outer sleeve 

2 200-491 2 COVER, cable relief 
3 175-295 1 CABLE ASSY., OUTPUT 
4 387-799 1 PLATE, subpanel 
5 401-022 1 CAM, switch actuating 

Mounting Hardware: 
(not included) 

213-055 SCREW, thread cutting, 2-56 
X 3/16 PHS 

6 200-490 1 COVER 
7 211-079 4 SCREW, 2-56 x 3/ 16 Pan Head 

steel 
8 136-138 1 SOCKET, Banana Jack Assy. 

210-223 1 LUG, solder 
210-895 1 WASHER, insulating 
210-583 1 NUT, hex, 5/ 16- brass, ¼-32 

9 337-579 1 SHIELD, gating adapter 
10 204-163 1 BODY, casting 
11 388-550 1 BOARD, Circuit 

131-285 2 Connector 
12 392-146 1 BOARD insulating 

Mounting Hardware: 
(not included) 

211-095 2 SCREW, 2-56 x 5/ 16 FHS 80° 
134-070 1 PLUG 
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REF. 
NO. 

® 

Gating Adapter 

fNPUT - 6R.I D 

©"' © 
BANANA 

JACK 

TIE. POINT ~GR.ID 

© © 

OUTPUT 

© 
GND 

© 

CHANNE.L A 
MINU5 GR.ID 

11 
11 

11 

I I 
11 

1[~ I 

CHANNE.L A 
OUTPUT 

0 UNIT PATCH - PANEL 
CHANNELS. A $. B 

0 UNIT 

D5 
IN"1o:> 

GtATI NG. ADAPTE.R-

PART SERIAL NO. Q 

NO. 
T 

EFF. DISC. Y. 

720-379 l 
152-034 l 
152-045 4 
287-067 l 
287-063 l 
287-504 l 
290-138 l 
315-562 2 
318-004 2 
375-703 l 

R-I C 3 
5.loK. 10 

12,3 
IM 

~ 
S,5-18 

I'- 12-'2. 
I , , IM 

--------1 >-----

II 
II Tl 
II 

12-4 
5.G, K-

(- Gj2.I D) I ,- ,- (OUTPUT) 
,✓ 0 UNIT 

563 
1,, CHAI-JNE.L B 

DESCRIPTION 

Tl TRANSFORMER, l 2T TDl 03 
DS DIODE, zener lN753 6.2V 400MV 70% 
Dl, 2, 3, 4 DIODE silicon 6045 
C2 CAPACITOR, 5.5-18 pf cer. var. 
Cl CAPACITOR, 9-35 pf cer. var. 
C3 CAPACITOR, 70 pf cer. 500 V l 0% 
CS CAPACITOR, 330 ,u,f EMT 6 V 20% 
Rl, R4 RESISTOR, 5.6 K ¼ W 5% 
R2, R3 RESISTOR, l meg 1/a W prec. l % 
RS RESISTOR, 70 K ¼ W 5% 
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GATING ADAPTER 

Description: The Type O gating adapter makes use of one of the O-Unit 1s operational 
amplifiers to invert the +Gate of the osci I loscope for symmetrical (push-pull) drive to 
a diode bridge. The diode bridge gates the other operational ampl]fier to permit gated 
amplification or integration of any desired signal within the operational amplifier 1s capa
bilitieso The diode gate is 11open 11 during the time the +Gate of the oscilloscope is posi-
tive, and closed when the scope gate is down. · 

The primary purpose of the adapter is to facilitate integration, especially in areas where 
the 0-Unit 1s LF Reject circuits contribute excessive error or inconvenience in measurements. 

Gating also provides a means of eliminating unwanted or confusing portions of a waveform to 
be amplified, differentiated or integrated, so the operation can be performed only on the de
sired portion of the signal. Gated operation can thus be used to avoid severe overloads of the 
oscilloscope preampl_ifier and enhance operational accuracy. 

The leads on the gating adapter are arranged for plugging the adapter itself into Operational 
Amp I ifier B, to gate operations in A via the two external leads, which connect to the -Grid 
and Output jacks on A. 

The gate of the delayed sweep in a delaying-sweep scope or the delayed gate of the Type 532 
may be used to provide gating of only a selected 1,ortion of the waveform which triggers the 
sweep. In other scopes, the gate is open during t e entire sweep. An external gating signal 
may also be used. Ideal levels are +20 v for 11on 11 and -3 v for "off 11 • 

External triggering of the scope is required for gated operation in most cases, except where 
synchroscope techniques can be used. 

limitations: The maximum output signal which can be handled is about ±20 v, depending 
on the amp! itude of the scope gate output. If the output waveform exceeds this value dur
ing the gated interval, the gate wil I come into partial conduction, distorting the output. 

The maximum input signal which can be handled is 20 v, provided that the gating duty cycle 
is 10% or more and the Ri resistor is l M. For Ri = 200 K, max input is 20 v with 10% duty 
cycle; for Rj = 100 K, max input is 10 v. With Ri at 10 K, duty cycle must be kept at 20% 
or more, max interval between gates 500 msec and input to 2 v or less for 5% feed-through 
during 11off time 11 (signal current pul I ing open the diode gate). 

The signal 11pulling open 11 the diode gate will not affect integration accuracy if the integrator 
output is measured from the start of the intensified portion to the end. 

The gating adapter as furnished is primarily for the gated amplification or integration of 
repetitive signals only, where the time during which the gate is closed is no more than 9 times 
the 11on 11 time, or 2 sec, whichever is shorter. You will notice that in working from a cold start, 
it takes several sweeps to stabilize. Modification of the scope or the adapter is required for low 
rep-rate or single-shot work, to provide a negative gote voltage during 11off 11 time. Modifications· 
are discussed below. 

There is.a transient during the turn-on of the gate which can be minimized, but not completely 
eliminated, by compensating adjustments. The transient is usually negligible during integration, 
but is definitely noticeable during amplification. The transient -- its exact shape depends on 
diode switching characteristics, etc. -- typically consists· of a short duration spike of about l v 
amplitude, followed by a smaller swing of opposite polarity and about 1 µsec duration, followed 
by a 1/2 v pulse of the first polarity and 30 µsec decay time. 

TEK O IRB ll -25-64 



Figs. 1 and 2 show the effect of the switching transient. Fig. l shows its effect on gated 
amplification (Ri=Rf= 1 M, 5 µsec/cm, 500 mv/cm). Fig. 2, at 100 µsec/cm and 50 mv/cm 
shows its possible effect on integration. In the case shown, with 1 Mand 100 pf (100 µsec 
time constant) the indicated error -- unchanged over 5 time-constants -- is 70 mv, or 7 µv sec. 

In amplifying the 20 v gate, the B operational amplifier shifts the decoupled -150 v supply in 
the plugin by about 400 mv. This causes a level shift in A of about 10-20 mv for the duration 
of the gate. This !eve~ shift, unless corrected, will be integrated during gated integration, 
producing a fixed error of 10-20 microvolt seconds per millisecond of gate duration. In most 
cases this error can be significantly reduced by careful setting of the A and B de level adjust
ments. Where not, the no-signal integral should be separately measured and subtracted from 
the measurement. 

,, 
To measure the no-signal integral, be sure to ground the input end of Zi so that all effects of 
zero-shift, grid-current, etc., will be included. Grid current will contribute an error up to 
20 mv/msec in the output, using a 10 pf value for Zf. Normally, the 10 pf capacitor is never 
used for integratir-ig intervals in excess of 100 µsec o~ so •. 

Differential leakage through the diode gate with 20 v across it is typically on the order of 0.1 
nanoampere for an effective resistance of 200 X 109 ohms. For this reason, it is a good idea -
where you have the choice -- to use a large value integrating capacitor to keep the leakage 
error to a minimum. Again, this sort of error is negligible in most cases, and is of less effect 
than the typical 0 .3 to 0 .5 ncmoampere grid current. 

Modification;: For single-shot work, the zener diode-capacitor network used to obtain a nega
tive level between gates, to keep the diode bridge conducting, will not work. Two solutions 
are avai I able: 

Scope mod: The +Gate of the scope may be made to go negative between sweeps by adding a 
resistor between the cathode of the +Gate output CF and the -150 v supply. The value of this 
resistor should be about 60 times the value of the existing cathode resistor, for a level of about 
-2 v between sweeps. A lower level will be needed when Zi = 10 Ko 

Hookup mod: A small penlite cell or mercury battery connected in series between the +Gate· 
output and the gating adapter input (+ end of the bajtery toward the +Gate output connector) 
will provide a -1 .5 v level between sweeps. 

Adapter mod: Where it is necessary that sudden changes in sweep rep rote and duration have 
minimal effect on the system, one of the above modifications plus a minor mod to the adapter 
will be required. The adapter mod consists of installing a jumper across the zener diode. Wire 
from the connector to the for lead of the zener. This prevents the DC levels around the gate 
from shifting as the duty cycle changes. 

Gated Differentiation: The switching transients discussed above might indicate at first glance 
that gated differentiation is impossible. Not so, fortunately. The transients are not differ
entiated, being impressed across Zf only. For this reason, the "glitches", etc., shown in 
Fig. 1 appear about the same during differentiation as in amplification and may be accounted 
for in the final answer by comparison with the "no signal II waveform. For minimum interference, 
use a low value Rf, or (with l M Rf) open the gate about 30 µsec before the start of the signal 
to be differentiated. Fig. 3 shows gated differentiation of the trigger feed-through on the +Gate 
of a 535A (thegatewa,sattenuatedto4vso as no~to overload the gating circuit). The high rate of 
dv/dt at the start of the gate' -- about 700 x 10 v/sec -- would severely overload the oscilloscope 
preamplifier at these sensitivities, masking the smaller feed-through signal, were it not for the gating 
function. 

Gated Slideback Amplifier: The gating adapter may also be used for gated amplification with slide
back, the input signal and offset voltages being summed at the -grid and gated together, thus pre
venting overload of the oscilloscope preamp. 
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FIG. 1. Switching transient. (Worst case: 
Zi = Zf = 1 M, uncompensated) 5 1-1sec/cm, 
Oo5 v/cm o Transient at end of gate does not 
affect measurements, of course. The aber
rations are materially reduced if smaller values 
are chosen for Rf and Rj or if Rf and Ri are 
compensated. 

FIG. 2. integral of switching transienL 
100 µsec/cm, 0.05 v/cm, Zi = 1 M, Zf = 
100 pf. 70 mv error represents 7 µv-sec. 
Note that error is relatively constant after 
first 30 µsec. The error value wi Ii change 
with increased integrating interval because 
of grid-current, leakage, etc. Integrating I 
beyond about 20 RC 1s not usually recommend.:. 
edo 1 

FIG. 3 o Gated differentiation of trigger 
feed-through on 535A +Gate o 20 µsec/cm, 
0o2 v/cm. Zi = 100 pf, Zf = 200 K. Switch
ing transient artifact is seen at left. Gating 
eliminates severe scope overload (60 v at 
0.2 v/cm) which would hav.e been caused by 
leading edge of signal waveform. 
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lnstal lat ion: 

Using 535A or 545A Oscilloscope, O-Unit and Gating Adapter. 

4 

l. Plug gating adapter into Channel B banana jacks. Leads from gating adapter to 
Channel A minus grid and Channel A output. 

2. Set Channe I B Zi and Zf to external. 

3. Set vertical display to B minus, adjust B de level; set vertical to A minus, adfust A de 
level. 

4. Set A Channel Zi and Zf to 1 megohm. 
Set 535A or 545A sweep to O. 2 msec/cm. 
Set B sweep to O. 5 msec/cm. 
Horizontal display B intensified by A. 
A plus gate out to gating adapter. 

5. Set volts/cm to 0.5. 

6. Adjust A Channel de output level so that the intensified and unintensified portions 
of the sweeps are level. 

7. Adjust Cl and C2 of gating adapter for minimum overshoot and rol 1-off. Cl affects 
the switching time of the diode gate. C2 compensates the external Zf resistor for 
Channel B. 

8. Connect a 1 volt calibrator signal to A input, and also to external trigger of B sweep. 
A output should be 1 volt in the intensified portion of trace. 
No signal on unintensified portion of trace. 

9. Set A Channel Zi to 1 megohm. 
Set A Channel Zf to 0.001 1-1f, LF Reject Switch 11off 11 • 

Set calibrator to 20 volts. 
Set volts/cm to 10 volts. 
Output waveform will be as shown with no signal or unintensified portion of trace. 

10. Reduce calibrator level to 1 v and volts/cm to 0.5 v/cm. 
Check to see that the level portions of the waveform are quite level. If not, recheck 
A.and B de levels, and adjust (repeat steps 6-8-9) as necessary to obtain minimum tilt 
to this portion of the waveform. 
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Gating Adapter 

,,_ 

7 

ii"" 

V 
"' 

20 volt calibrator 
signal 

~ 40% gate cycle 

z1 l meg, zf 0.001 

11. Connect signal from 105 square wave generator, 1 kc, 20 volts 
to A input of O Unit. 

Signal_will be negative going with no signal on unintensified 
portion. 

' 

' ~ ... ' '-

12. Switch A sweep to 50 µsec (10% gate cycle). 

~ 20 volt 105 signal 

-=. 40% gate cycle 

zi 1 meg, zf 0.001 

There should be no signal appearing on the unintensified portion 
of the trace. 

A decrease to 5% gating cycle will cause the diode gate to open 
during the unintensified portion. 
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Sample Gated Amplifier and Gated Integrator Operation 

To amplify or integrate a specific pulse: 

B sweep 

B intensified by A 

+Agate 

Amplifier output 

Integrator output 

6 

Pulse be tween T1 and T2 

to s.tart 

A time/cm 

A gate to start and stop 
at T1 and T2 

Set A channel Zi and Zf to R l 

Gain =•Z/Zi 

Set A channel z, 

] e·o 
l. 

f.idt 1 
e :::, - -

0 RC 

Input volt-seconds= f ejdt = -RjCf eo 

Bob M. Johnson 
Accessories Design 

:Sill Lukens 

• 
to R, Zf to c. 

Manufacturing Staff Engineering 
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Future Product: A completely external gating adapter which uses a separate (AC) power supply 
has been designed by Chuck Edgar and may be made available later through Chuck Nolan. It 
would cost quite a bit more ($50 to $ 100 more) them the passive-component adapter, but would 
offer these advantages: 

1. Adapter ties up only one operational amplifier, not twoo 

2. Two gates could be used on one 0-Unit, powered from one ($60-$75) power supply, 
permitting gated double integration or gated amplification plus gated integration. 

3. Gating is cleaner and does not shake up DC supplies in plug-ins. 

4. Power supply also usable for other purposes o 

Progress of the design presently awaits decisions on the power supply (just how versatile to make 
it). 
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LOGARITHMIC AMPLIFIER ADAPTER 

FOR 

TYPE O OPERATIONAL AMPLIFIER 

The following information is based on data available during Week 49, Additional 
information on the Logarithmic Amplifier Adapter appears in the Type O Plug-In in
struction manual. 

The Logarithmic Amplifier Adapter converts the Type O Unit to a logarithmic amplifier. 
The adapter is bui It on a circuit board fitted with banana plugs to mate with the 
jacks on the front panel of the Type O Unit. 

There is one potential problem that may be encountered with some of the earlier Type 
0 Units when no signal is applied to the Logarithmic Adapter. Gain of the combina
tion is maximum with little or no applied signal, Hence, some noise and/or drift 
may be apparent under no-signal conditions. Later Type O Units are less noisy and 
this is not such a problem. 

Characteristics 

Input Impedance: Approximately 10 kl lohms. 

Input Coup! ing: AC or DC. AC coup] ing time-constant:::;-2.5 msec, 

Operating Range: ±0. 1 volt to ±100 volts. 

Maximum Input Signal: ±100 volts, peak, ac or de coupled. 

Amplification Characteristic: The Logarithmic Amplifier Adapter in the Type 0 
Unit closely approximates a logarithmic amplification response for input 
signals of ±0,l to ±100 volts. The system is not logarithmic to signals 
less than about ±0.08 volt. 

Deflection Characteristic: The following amounts of deflection will be obtained 
for the corresponding input amplitudes, (with VOLTS/CM of Type O set at .1). 

TEK O IRB 

INPUT SIGNAL DEFLECTION (±0.5 mm) 

±0. 1 volt 1 cm 
±1. 0 volt 2 cm 

±10,0 volts 3 cm 
±100.0 volts 4 cm 

Because the response is logarithmic, the graticule may be calibrated di
rectly in db (beyond ±1 cm). The calibration, after the preamp gain is 
set for 1 cm per voltage decade, is 20 db per cm (2 db per mm), measured 
from ±1 cm, which may be taken as the 110 db" points. Since the range 
+100 mv to -100 mv passes through -oodb, there can be no direct db cali
bration close to O volts. 
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D-20 

Response Time (the time required to change from JOO mv to 100% of a step 
function): Varies with amplitude and direction of change. The adapter was 

originally designed for an operating range of 0, 1 to 10 volts, there
fore the spec we have is measured between these limits. Response time 
when going from 0, I to 10 volts is approximately 0,2 µsecond; time from 
10 to 0. I volt is approximately 0,3 µsecond. 

Transient Response: May be optimized for 0-10 v or 0-100 v operation. 

Bandwidth: .The primary use of the logarithmic amplifier adapter will be In 
al lowing the observation of pulse and transient waveforms differing in 
amplitude by up to 1000-1, on the same trace, 

Because the logarithmic amplifier driven by a sinusoidal input waveform 
does not produce a sinusoidal output (p-p and RMS -3 db points wi II be 
qui tedifferent) and because both output amp Ii tude and effective band
width are affected by both the amplitude and the DC level of the incoming 
signal, no clear statement of bandwidth can be made, 

A few general statements regarding ?pparent bandwidth based on peak-to
peak output deflection may be of help in establishing the proper use-do
main of the instrument, however. 

1. The apparent -3 db bandwidth may be defined for our purposes as that 
upper frequency at which the output from the logarithmic amplifier, 
driven from a constant-amplitude sine-wave generator, drops to the 
same level as would be caused by a 30% reduction in input signal amp
Ii tude. 

When the adapter and CRT display are properly balanced, calibrated and 
compensated for a display of 1 cm per input voltage decade (1 cm= 100 
mv; 4 cm= JOO v) the apparent -3 db bandwidth is evidenced by a de
crease of 1.5 mm in peak deflection (3 mm peak-to-peak) for a signal 
symmetrical about zero volts. 

A decrease in peak deflection of 0,5 cm (1.0 cm p-p) represents an 
amplitude change of -10 db for a sinusoidal signal symmetrical v,1ith 
respect to O volts. 

In this case, typical apparent bandwidth figures are: 

Signal Amp I itude Aeea ren-t Bandwidth 
-3 db -10 db 

100 rnv peak (200 mv p-p) L~oo KC 750 KC 
1 V peak (2 V p-p) 700 KC 1. 15 MC 

2.5 V peak (5 V p-p) 700 KC 1. 15 MC 
5 V peak (JQ V p-p) 1. l MC 2.0 MC 

2, Special Case: For a sine-wave with one peak clamped to exactly O volts, 
a reduction in peak-to-peak deflection of 1.5 mm represents -3 db amp
litude change; a reduction of 0,5 cm represents -10 db. 

In this case, the apparent bandwidth for a signal of a given amplitude 
would be roughly equivalent to the bandwidth for a signal of twice 
that amplitude In the table above (i.e., a signal of 100 mv p-p with 
one peak clamped at O volts would provide an apparent bandwidth equiv
alent to that produced by ::'00 rnv p-p symmetrical about 0). 
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Low F requcncy Response: In the AC-coup 1 od mode, for s; gna Is of over 500 mv peak 
amplitude where the effective Input R is 10 K, the input time-constant for 
a low signal source impedance ls approximately 2.5 msec, corresponding to 
an apparent .. 3 db point of about 65 cps, The time constant becomes some
what longer for smaller signals, as the effective input R approaches 20 K. 

Operation 

To use the Type O Operational Amplifier as a logarithmic amplifier with the logarith
mic Amplifier Adapter, set the Type O Unit controls as follows: 

Channel B Controls 

Zj SELECTOR 
Zf SELECTOR 
± GRID SEL 
INTEGRATOR LF REJECT 

Channel A Controls 

Pre amp Cont ro 1 s 

VERTICAL DISPLAY 
VOLTS/CM 
VARIABLE VOLTS/CM 

Oscilloscope Controls 

EXT. 
EXT. 
(-) 
OFF 

Any position 

B, + or - (dependent on signal polarity) 
• l (for 100 volts/4 cm display) 
Set according to the adapter calibra

tion procedure. 

Set as necessary for desired Type 0 
Unit operation, 

Plug the Logarithmic Amplifier Adapter into the front-panel jacks of the Channel B 
Operational Amplifier. Calibrate the adapter as described on page 3-9 of the Type O 
Unit instruction manual, Connect the input signal to the input connector of the adap
ter and select AC or DC coupling of the signal. Signals of varying amplitudes will be 
displayed logarithmically on the oscilloscope CRT. 

Measurements and Interpretation 

The convenience of having the ranges from +I cm to +I+ cm and from -1 cm to -L~ cm 
calibrated directly in db is partly offset by the fact that the range between +JOO mv 
and -100 mv passes through --db. The anomaly arises from the fact that there is no 
logarithmic expression for a negative number -- but since we work with both positive 
and negative signal voltages, the amplifier is made non-logarithmic in the O volt 
area, and treats a negative-polarity signal as -log IEinl, since log-Ein is impos
sible, 

For this reason, when observing signals which pass through O volts, each peak should 
be treated separately, and interpretation of 11peak-to-peak 11 measurements should be 
undertaken only with caution. Normally, +JOO mv and -100 mv will be taken as inde
pendent 110 db11 points, and separate+ and - measurements referenced to these points. 

DC Level Set: Because only a few mv drift in the operational amplifier output 

TEK O IRB 

can cause a large measurement error, it is important to set this level care
fully before any critical measurement. For minimum drift -- particularly 
where the adpater is being driven from another source which may drift slightly 
-- the AC coup! ing position is provided. 0-Unit modification 6115 -- scheduled 
for early 1963 production -- wl 11 provide a considerable reduction in internal 
drift in the operational amp! ifiers, substituting a new c~rcuit using type 
ZZIOOO gas reference tubes and transistors for the temperature-sensitive JOO v 
IN30ltlJf3 Zener Diodes nm·✓ in use. 
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Theory of Operation 

The Logarithmic Amplifier Adapter gets Its logarithmic response by using the non
I inear forward impedance characteristics of diodes. The diodes connect into the 
Input and feedback loop of the operational amplifier, The diodes are in matched 
pairs and connected back-to-back to allow for signals of either polarity. 

Calibration 

The amplifier is .essentially logarithmic from ±0.1 v to ±100 v. It is not logarith
mic with signals less than about 0.08 v above or below ground. 

When calibrated, the amplifier has a gain of 3 for very low level signals. At a 
signal level just under O. 1 v, the gain is approximately 1.4 and continues to drop 
logarithmically with increased signal. 

Calibration is accomplished by using the oscilloscope AMPLITUDE CALIBRATOR and a 
Type 105 Square-Wave Generator with 93 n cable and termination as signal sources. 

1. let the O Unit warm up for ten to fifteen minutes. Plug the logarithmic 
amplifier into the B operational amplifier, AC/DC Swit~h at DC. 

2. Free-run the sweep at about .5 msec/cm. 

3. Place the VERTICAL DISPLAY switch at B -. 

4. Place the Zi and Zf controls in the EXT. position. 

5. Establish the OUTPUT DC LEVEL to match the ZERO CHECK trace position. 

6. Place the O Unit VOLTS/CM switch to. 1. 

7. Connect a v calibrator signal to the input of the logarithmic amplifier. 

8. Adjust the O Unit VARIABLE control for 2 cm of signal. Re-check the OUTPUT 
DC LEVEL and ZERO CHECK to be sure the negative part of the display coin
cides with zero volts. (A little drift will alter the calibration for low 
level signals). 

9, Raise the AMPLITUDE CALIBRATOR fo 100 v. Adjust the 5 k ±100 v CAL. pot 
for a 4 cm display. NOTE: Most calibrator CF's in good condition will pro
duce about 94 v into 10 Kin the 100 v position (3.97 cm deflection). If in 
doubt, check 100 v Cal Out Into 10 K, using a Z-Unlt. The zero-volt part of 
the waveform also may not return completely to zero in the time the calibra
tor multivibrator output is negative. Do not adjust the vertical POSITION 
control for the zero volt point while adjusting the ±100 v CAL pot. 

10. Re-do Steps 7, 8 and 9 several times until the amplifier functions properly. 

D-22 

Proper operation means an O. l v calibratior signal will produce 1 cm de
flection ±0.5 mm; a l volt calibrator signal wil I produce 2 cm ±0.5 mm; the 
10 volt calibrator signal wi 11 produce 2.95 cm ±0.5 mm (only 8.5 v actual 
cal output into 10 I<); and 100 v will produce i~ cm ±0.5 mm -- provided the 
Cal Out CF is in good condition. 

Failure of the calibrator to reach its negative peak will be particularly 
noticeable in AC-coupled operation with 100 v calibrator input, hut this is 
normal -- due to the high impedance of the Cal Out CF to -going signals. In 
the AC coupled mode, the effect wi l 1 appear as a sizeable apparent error in 
p-p deflection. 
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11. Substitute a 25 KC square wave from a Type 105. Use 93 n cable and 93 n 
termination and adjust the HF Comp capacitor for minimum spike at the lead
ing edge of the square wave at about a 10 volt signal level. This adjust
ment wi II change with maximum signal amplitude, If you intend using the 
amplifier up to 100 volts, set the HF Comp capacitor at maximum capacitance. 

With 10 v Input from the Type 105, response time should be about 0,2 µsec 
going from 100 mv to 10 v, and about 0.3 µsec from 10 v to 100 mv, 

12. The ampl.ifier is now calibrated. Always re-check the OUTPUT DC LEVEL against 
the ZERO CHECK trace position just prior to any measurement. 
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LOG ADAPTER FOR TEKTRONIX TYPE O PLUG-IN UNIT 

The Log Adaptei- is a logarithmic feedback network that converts the A or B operational 
amplifier in a Tektronix Type O Plug-In Unit from a linear to an essentially logarithmic 
amplifier. It is fitted with banana plugs so it can be plugged directly into the jacks pro
vided on the front panel of the Type O Unit. The circuit configuration and operation 
of the device is similar to that given in the Applications Section (Application 13) of the 
Type O Unit instruction manual. 

CHARACTERISTICS 

Input Resistance 

Approximately 10 kilohms 

Operating Range 

+0.1 volt to + 100 volts 

Maximum Input Signal 

+ 100 volts peak, ac- or de-coupled 

Input Voltage vs Oscilloscope Vertical Deflection 

An essentially logarithmic relationship for signals between 
+0.1 volt and + 100 volts. System is not logarithmic for 
signals between about -0.05 and +0.05 volt. 

Any convenient vertical deflection factor per input voltage 
decade can be used. (One cm/ decade is used in the fol
lowing example of input and display relationship.) 

De-Coupled 
Input Signal Deflection 

(de plus peak ac) (from zero reference) 

+0.1 volt +l cm, +0.5 mm 

-0.1 volt -1 cm, +0.5 mm 

+1.0 volt +2cm, +0.5 mm 

-1.0 volt -2cm, +0.5 mm 

+10.0 volts +3 cm, +l.0mm 

-10.0 volts -3cm, +l.0mm 

+100.0 volts +4cm, +l.0mm 

-100.0 volts -4cm, +l.0mm 

+10 

+ 1.0 V 

+1.0 

In the foregoing example, a 1-centimeter change in d1" 

play peak deflection equals approximately a 20-db change 
in input peak voltage (2 db/mm). 

NOTE 
Amplitude must be measured with respect to the 
zero-volt de input trace position. When one peak 
of a de-coupled signal is at zero volts, the peak
to-peak deflection amplitude can be used to cal
culate the peak-to-peak signal voltage. However, 
when neither display peak is at the zero-volt trace 
position, the peak voltages must be calculated 
separately. (This will usually be the case when ac 
coupling is used.) The sum or difference of the 
peak voltages will then indicate the peak-to-peak 
voltage of the ac portion of an input signal. See 
Fig. 1. 

Response Time 

Depends upon the direction and the amount of change. 
For a 10-volt step input (either + or -), the time required 
for the amplifier output to rise from the 0.1-volt level to 
the 10-volt level is typically 0.2 µ,second, and to fall from 
the 10-volt level to the 0.1-volt level it is typically 0.3 µ,sec
ond. Response times for this and other peak voltages de
pend upon proper adjustment of the HF ADJ control for 
the particular peak signal voltage involved. 

Low-Frequency Response ( Ac-coupled input l 

3-db down at about 70 cps for signals over 500 mv peak 
amplitude with a signal source impedance of 50 ohms. 
(Low-frequency response is measured in a manner similar 
to that described in "Apparent Bandwidth".) 

+0.9 V 

1 V 

+0.1 ----+--- l .v--------+---1>---+------~....-L--....i...~..__ _______ _ 

"' 
0 
> 

070-386 

Zero de 

-0.l 

-1.0 

l v 
+0.1 V 

- .n 
""C 

-i: -----------''---------+---+--+--------------------- ., 

Ov 

-0.l v 20 db T 
4 db 

c 
-~ :, 
IT 
w 

-10 -----------------------------------------

Fig. 1. Display amplitudes resulting from equal peak-to-peak signal voltages, but different de levels. 

© 1963, Tektronix, Inc., P. 0. Box 500, 
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Input to Output Voltage Relationship 

eo = k1 + kz 10910 e; 

where: 

e0 operational amplifier output voltage 

e; Log Adapter input voltage 

k1 = e 0 when e; = l volt (typically, k1 

0.4 volt) 
0.3 to 

k _ eo - k1 
2 - 2 when e; = 100 volts (typically, k2 

0.15 to 0.2). k1 and k2 must be determined 

experimentally for a particular Log Adapter. 

Apparent Bandwidth 

Sinewave bandwidth measurements generally are not 
directly applicable to devices having a nonlinear output 
since the rms and peak bandwidths differ. However, the 
apparent bandwidth data given here does provide a means 
of verifying proper performance of the Log Adapter/Type 0 
Unit system. 

Apparent bandwidth is measured using a constant-ampli
tude sinewave generator with low output impedance and 
signal that is symmetrical about zero volts de. Under these 
conditions, the apparent -3 db bandwidth is defined as that 
approximate upper frequency at which the output from the 
logarithmic amplifier drops to the same peak voltage as 
would be obtained with a 30% reduction in input signal 
amplitude at lower frequencies. 

Typical apparent bandwidth figures are: 

Signal Amplitude Apparent Bandwidth 
-3db -l0db 

l 00 mv peak (200 mv p-p) 400 kc 750 kc 

1.0 v peak (2.0 v p-p) 700 kc l.l me 

2.5 v peak (5.0 v p-p) 700 kc l.l me 

5.0 v peak (l 0.0 v p-p) l.l me 2.0 me 

SET-UP AND CALIBRATION 

The set-up and calibration of the Log Adapter are de
scribed in the Applications Section, Application 13, of the 
Type O Unit instruction manual. 

For accurate calibration of the Log Adapter, the applied 
voltage must be accurately known. The Amplitude Cali
brator in your Tektronix Oscilloscope will provide a rea
sonably accurate voltage at the l .0-volt and l 00-volt levels. 
However, when the Amplitude Calibrator is connected direct
ly to the Log Adapter, the calibrator will deliver less than 
the indicated voltage in the l 0-volt and adjacent switch 
positions. This occurs because the Amplitude Calibrator 
impedance varies with the switch position. To avoid this, 
isolate the Amplitude Calibrator and Log Adapter im
pedances by using the second operational amplifier as a 
unity gain, high input-impedance amplifier (maximum input 
+50 volts; see Application 5 in the Type O manual). 

As an alternate calibration voltage source, use a regulated 
variable de power source, monitored with an accurate meter. 
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LOG ADAPTER PARTS UST 

5 

7 8 9 10 

REF. PART SERIAL NO. Q 

NO. NO. 
1 DESCRIPTION 

EFF. DISC. Y. 

l. 131-126 CONNECTOR 

2. 260-511 1 SWITCH 
210-562 2 NUT, hex ¼-40 x 5/ 16 

3. 387-739 1 PLATE 

4. 211-079 4 SCREW, 2-56 x 3/ 16 PHS slotted 

5. 200-457 COVER 

6. 388-545 BOARD, etched circuit 

7. 337-565 SHIELD 

8. 392-146 1 BOARD (not shown) 
211-095 2 SCREW, 2-56 x 5/ 16 FHS slotted, 80° (not shown) 
134-070 1 PLUG (not shown) 

9. 204-163 1 BODY 

10. 401-022 1 CAM 
309-392 2 Rl -R2 RESISTOR, 20 k, ½ w, prec, 1 % 
318-084 1 R3 RESISTOR, 10 k, 1/a w, prec, 1 % 
315-560 1 R4 RESISTOR, 56 a ¼ w, comp, 5% 
316-275 1 RS RESISTOR, 2.7 meg, ¼ w, comp, 10% 
318-003 1 R6 RESISTOR, 11.1 k, 1/ 8 w, prec, 1 % 
318-012 1 R7 RESISTOR, 25 k, 1/ 8 w, prec, 1 % 
311-359 1 RS POTENTIOMETER, 5 k, var. 20% 
315-562 1 R9 RESISTOR, 5.6 k, ¼ w, comp, 5% 
290-177 4 ClA-D CAPACITOR, 1 µ,f, 50 v, EMT, 20% 
283-023 1 C2 CAPACITOR, .1 µ,f, 10 v disc type 
281-060 1 C3 CAPACITOR, 2-8 pf, cer, var. 
152-110 1 Dl -D2 DIODE, matched pair coded 6110 
152-109 1 D3-D4 DIODE, matched pair coded 6109 
152-111 1 D5-D6 DIODE, matched pair coded 6111 

® 3 





COMPENSATING ADAPTER 
FOR 

TYPE O PLUG-IN UNIT 
Tektronix Part No. 013-081 

The Compensating Adapter is an accessory for the Tek
tronix Type O Operational Amplifier Plug-In Unit. It extends 
the high-frequency performance of either operational am
plifier when the internal Z; and Z1 resistors are used in 
any combination for either gain or attenuation. (See "Closed
Loop Gain-Bandwidth Characteristics of Operational Am
plifiers" in Section 2 of the Type O instruction manual.) 

Without the Compenstating Adapter, the stray capacitance 
associated with the internal Z; and Z1 resistors limit the 
operational amplifier high-frequency performance. With the 
adapter, the Z; and Z1 resistors are paralleled by the HF 
ADJ differential capacitor (see Fig. 1) to supplement their 
stray capacitance. HF ADJ may then be set to equalize the 
Z; and Z1 time constants so that optimum performance is 
obtained. 

Charaderistics 

The following characteristics apply to the Compensating 
Adapter and Type O combination: 

Frequency Response-See Fig. 2. 

Input Resistance-0.01 to 1 megohm; determined by Z; 
SELECTOR position. 

-----1 
I z, > Z1 I 

I 

I 
I 

I 
I 

I 
I 

_I 
INPUT OUTPUT 

Z1 

z, 

Fig. 1. Compensating Adapter with Type 0. 

Input Capadtance-About 40 to 450 pf; dependent on Z; 
and Z1 SELECTOR positions (maximum at Xl 00 gain). 

Maximum input Voltage-400 v de or 150 v rms. Derating 
required above 1 me; see Fig. 3. 

Maximum Output Voltage-+50 v peak. 

Maximum Temperature-+55° C. 

Operating Information 

Plug the Compensating Adapter into the front-panel jacks 
of either operational amplifier of the Type O plug-in unit. 
The cam on the adapter body insures that the + GRID 
SEL switch will be set to (-). Set the Z; and Z1 SELECTOR 
switches to the desired values and check the DC BAL., GAIN, 
and OUTPUT DC LEVEL adjustments as described in Section 
2 of the Type O instruction manual. Set the switch on the 
adapter to the appropriate position. Apply a square-wave 
signal (50 nsec or less risetime) to the operational amplifier 
and set the adapter HF ADJ control for optimum square 
wave display. It will be necessary to repeat the HF ADJ 
adjustment for each combination of Z; and Z1 resistors used. 

"6 10 1------=--+---~---t- ....... ----+-------, 
Cl 

100 
Frequency in Megacycles 

Fig. 2. Typical frequency response of a Type O with and without 
compensation. 

© 1963, Tektronix Inc., P. 0. Box 500, 
Beaverton, Oregon. All rights reserved. 
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130 

90 

Gain -0.1 

70 

so--------, 
Limited by maximum 
output of Type 0 

30 
Gain 

0.2 0.5 2 5 
Frequency in Megacycles 

Fig. 3. Input voltage derating vs frequency. 

REF. PART SERIAL NO. Q 

NO. NO. 
T 

EFF. DISC. Y. 

1 211-079 2 
2 200-546 1 
3 204-163 1 
4 387-869 1 
5 384-298 1 

214-110 1 
354-220 1 
210-803 1 

6 166-025 2 
- - - - -
211-103 2 

7 260-398 1 
- - - - -
210-562 1 
210-046 1 
210-854 1 

8 401-022 1 
- - - - -
213-055 1 

9 366-210 1 
- - - - -
213-020 1 

10 388-571 1 
- - - - -
211-079 2 

11 392-146 1 
- - - - -
211-095 2 

304-471 1 
281-090 1 

10 20 

Parts List Reference 

PARTS LIST 

DESCRIPTION 

SCREW, 2-56 x 3/ 16 inch, PHS phillips 
COVER 
BODY 
PLATE, sub panel 
ROD, shaft extension, nylon, .656 inch long 
PIN, roll, 1/ 16 x ¼ inch 
RING, external retaining 
WASHER, 6L x 3/s inch 
TUBE, spacer, ¼ inch long 

Mounting Hardware: (not included) 
SCREW, 4-48 x 7/ 16 inch FHS 

SWITCH, miniature 
Mounting Hardware: (not included) 
NUT, hex, ¼-40 x 5/ 16 inch 
LOCKWASHER, internal, .400 OD x .261 inch ID 

WASHER, 17/ 64 x ½ inch OD 
CAM, switch actuating 

Mounting Hardware: (not included) 
SCREW, thread cutting, 2-56 x 3/ 16 inch PHS 
KNOB, charcoal 

Includes: 
SCREW, set, 6-32 x 1/ 8 inch HSS 

BOARD, etched circuit 
Mounting Hardware: (not included) 
SCREW, 2-56 x 3/ 16 inch, PHS phillips 

BOARD, insulating 
Mounting Hardware: (not included) 
SCREW, 2-56 x 5/ 16 inch FHS 

ELECTRICAL COMPONENTS 
RESISTOR, 470 n, 1 w, 10% 
CAPACITOR, var., differential, 3-20 and 15-480 pf. 



Application Notes 

Tektronix No. 013-086 

Semiconductor leakage Current Adapter For Type O-Unit 
(Rev. 10-1-64) 

General Description: 

The 013-086 Diode Leakage Test Adapter is a plug-on assembly for the Type O operational 
amplifier plug-in unit for the 530-40-50-80* series oscilloscopes, facilitating the measure
ment of semiconductor leakage currents over the range of 50 picoamperes** to 50 micro
amperes, for reverse-bias voltages of 200 mv to 100 v. 

The oscilloscope sawtooth provides the bias source for the junction under study, to display 
the entire leakage characteristic (leakage versus bias) in a single presentation. 

The adapter may also be used to plot junction capacitance as a function of bias voltage, 
for junctions whose leakage-to-capacitance ratio does not exceed about .01 microampere 
per picofarad at the voltages of interest. Techniques ore discussed below for measuring 
capacitance in the presence of leakages up to 0.1 µa per pf of capacitance. 

The leakage test adapter contains a step attenuator for the input sawtooth, an adjustment to 
standardize the sawtooth amplitude opp! ied to the attenuator, a careful iy designed and 
shielded test jig having negligible end-to-end leakage and capacitance, and a precision 
feedback network to provide the high sensitivity required for present-day leakage measure
ments. 

Junction bias ranges of 0-10, 0-20, 0-50 and 0-100 percent may be calibrated directly in 
volts when the adapter is used with any 530-40-50-80 series oscilloscope except Types 544-
546-547, where the available sawtooth amplitude is usually about 9 to 9.5v per cm. With 
these latter instruments, the user has the option of standardizing the bias ranges to 9-18-45-
90v or to 5-10-25-50v. The 544-6-7 may be modified to provide a larger sawtooth output 
amp I itude. However, because in a large number of cases the 544-6-7 replace former 530-40 
series instruments, the user may find it most economical to make the replaced instrument 
available for leakage tests, since the measurements do not require critical trigger adjustments, 
sweep rates faster than 0. 1 msec/cm or bandwidth and transient response characteristics be
yond the kilocycle-microsecond range. Only the mid- and slow-range sweep rate accuracy 
and the stability of the power supplies are critical to the application. 

* Type 81 adapter required to use the O-unit in 580-series oscilloscopes. 

** For production testing by unskilled operators, the device should be considered limited to 
leakage tests at preamp sensitivities near 1 v/cm (1 µA or 1 nA/cm). An operator suffi
ciently ski lied to check and set the output DC level of the O-unit at intervals may ex
tend the measurement sensitivity to 50 pA/cm or better, using techniques discussed in 
the application notes below. 
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Familiarization -- Connections and Controls 

Sawtooth Input. The banana jack on the front panel accepts a patch cord from the 
oscilloscope Sawtooth Out connector. 

Horiz Volts (X% of Preset Sawtooth) Per Centimeter. The rotary switch on the front panel 
of the adapter selects how much of the available sawtooth amplitude is applied to the 
junction under test. The available sawtooth amplitude is set by the: 

Preset Adi., which is accessible through the lower I ip of the panel. If the oscil lo
scope provides a front-panel sawtooth output of more than 10v/cm (about 105v for 
10. 5 cm sweep I ength), the sawtooth adjustment on the adapter may be set to provide 
display calibration and bias drive of: 

Horiz Calib. 
%/Cm Setting in v/cm Peak drive (approx) 

10 10 105 V 

5 5 52.5v 
2 2 21 V 

1 l 10 .5v 

The Sensitivity Switch provides direct calibration of the O-Unit's volts/cm switch in 
.05 to 20 nanoamperes per centimeter or microamperes per centimeter. For measure
ments of greater than 50 nanoamperes, the µA/cm position must be used. 

The Test Jig contains facilities for both transistor and diode measurements. The shield 
hinges downward and contains the diode carrier (simply drop the diode into the notches 
with its cathode at the left, and close the shield). For transistors, a divided and inter
nally shielded 4-hole socket al lows measurement of smal I PNP or NPN transistors with
out having to re-bend the leads. The transistor is rotated for insertion according to its 
type: collector to the left for NPN, collector to the right for PNP. The base and 
emitter connections are tied together inside the adapter for the measurement 0ces). 

Size Limits for the device under test must be observed for high-sensitivity measurements. 
To be effective in suppressing coupling to and between diode leads during leakage or 
capacitance measurements on high-performance glass-cased signal diodes, the diode
holder shield is purposely made close-fitting. 

As a consequence, the device is not wel I suited for making high-sensitivity leakage and 
capacitance measurements on power or zener diodes with large metal cases, stud-mounts, 
etc., or on transistors in cases larger than TO-18 or TO-5. It will not usually be possible 
to close the shield on a transistor, but with most types observed so far (PNP with collector 
tied to case is the critical type) the noise level does not prove objectionable if the operat
or keeps his body grounded. Noise suppression and other techniques for specific measure
ments are discussed below. 



Forni liarization -- First Time Operation 

l. Calibration 

Install the adapter in operational amplifier A, Set the operational amplifier controls 
as follows: 

Zi 
Zf 
LF Reject 

EXT 
EXT 
OFF. 

Patch from oscilloscope Sawtooth Output to adapter Sawtooth Input. 

Set the osc i Hoscope sweep controls (Sweep A) as follows: 

Triggering: Automatic, +Line. 
Time/Cm: l 0 msec/cm. 

install a XlO probe on the O-unit preamplifier input; set the preamplifier input selector 
to +DC, and V/Cm to l v/cm. Apply probe tip to CAL OUT and set calibrator for 100v 
output; adjust variable v /cm for exactly 4 cm (540, 540A, 550 or 580 series) or 6 cm 
(530, 530A, 5408-series or 544-6-7). See that the top and bottom of the display coin
cide with the graticule I ines across the entire 10 cm. 

Now, apply probe tip to one of the two left-hand holes in the adapter transistor socket. 
Set Horiz Volts/Cm switch to 10v/cm (CW). Adjust the Preset Adi. control on 
the underside of the adapter for a diagonal trace starting in the lower left corner of the 
graticule and crossing the top graticule line just at the 10cm line. 

Important: The trace should be horizontally positioned so that the level portion of the 
trace to the left of the sawtooth-start point is positioned to the left of the first graticule 
I ine, and the start of the sawtooth occurs exactly at the corner of the graticule. The 
flat portion is the vertical system zero reference, which occupies about 1% of the total 
sawtooth duration. 

Special Note for 544-6-7: Sawtooth amplitude in these instruments wi II in most cases 
be insufficient to obtain 10v/cm drive, as intended the above procedure. In these 
instruments, the Preset Adi. should be set to provide some other convenient voiue, 
such as 9v/cm (sawtooth crossing the right hand graticule line 6mm from the top), or 
5v/cm (sawtooth crossing the right hand graticule line at the center). 

Use of the lOX probe and the l0~v position of the calibrator is important in this step to 
avoid loading down the PreseJ Adi. divider in the adapter (1 M loading will intro-
duce a few percent calibration error) and to avoid possible accumulated divider errors. 

Once the Preset Adi. has been set, the adapter is calibrated for use in either opera
tioncd aIT1plifier of any O-unit plugged into the same indicator, i.e., the adapter is 
matched to the indicator. It must be recalibrated if the indicator is changed, but may 
be freely interchanged between operational amplifier A and B, or between different 
O-units in the same indicator. 

Return variable V/Cm to the calibrated position after setting the sawtooth adjustment. 
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2. Operation 

Note: In the discussions below, use of an oscilloscope providing sufficient sawtooth 
for direct calibration of horizontal drive (10%/cm = l0v/cm) is assumed. 

A. list of suggested equipment for demonstration: 

(1) O-Unit, leakage Test Adapter, 530-40 series oscilloscope. 
(2) Red patch I ead. 
(3) Diodes (other representative types may be used). 

Type T13G (25v low leakage germanium) 
Type 6045 (125v low leakage silicon) 
Type 1N999 (75v low leakage, low capacitance silicon} 
Type 1N707 (7v Zener diode) 

(4) Transistors (other representative types may be used). 

Type 2N711A (15v, Ge, PNP) 151-092 
Type 151-096 (125v Si, NPN) 

*(5) l pf capacitor 281-538 
* (6) BNC-BNC Cable 012-076 (20 11) or 012-057 (42 11) 

If O-unit has UHF connectors, use UHF-UHF cable, such as 012-019 (14 11). 

* (7) O-Unit Compensating Adapter 013-081 
*(8) Short patch cord (Cal out to alligator clip) and l M resistor 

*For high-sensitivity capacitance measurements only. 

B. Demonstration No. 1 (25 v germanium di ode I eakage) 

Preset controls as follows: 

Sweep Trigger: 
Sweep Time/Cm: 
Preamp I t npu 

V/Cm 

+line, Auto 
50msec/cm 

-B 
.05v/cm 

Ope rat i ona I Amp Ii fi er B -- I nsta 11 Leakage Test Adapter. 

Zi EXT 
Zf EXT 
LF Rei ect OFF 

Leakage Test Adapter 

Horizv/cm 1 
Sens. 1 µA/v 

(1) Adjust DC level Out of Operational Amp I ifier B for minimum shift from pre
amp II Zero Check 11 • 
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(2) Position baseline to bottom graticule line. 

(3) Patch from Sawtooth Out to adapter Sawtooth Input. 

(4) Set preamp v/cm to 0.5 (vertical calibration is now 0.51-1A/cm) and install 
Tl 3G diode in adapter shield (cathode to the left) and close shield. 

(5) Position the step at the left of the sweep to the left-hand graticule line. 

(6) Step Time/Cm to 5 msec/cm, then to 500 msec/cm. Note that display 
characteristics do not change. This indicates that the indication is of 
leakage alone, and is not influenced by diode capacitance. With a T13G, 
the display should be similar to that of Fig. 1. 

Fig. 1. T13G leakage, 0-10v 
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(7) Change preamp v/cm to l (= 1 µA/cm), increase horizontal drive to 2%/cm 
(2v/cm). The display should now be similar to fig. 2. 

fig. 2. Tl 3G leakage, 0-20 v 

C. Demonstration No. 2 (125v low leakage Silicon diode). 

Preset controls as fol lows: 

Sweep Trigger: +line, Auto 
50msec/cm Sweep Time/Cm: 

Preamp 
Input 
V/Cm 

-B 
0.5v/cm 

Operational Amp I ifier B (with leakage test adapter ins ta I led). 

Zi EXT 
Zf EXT 
LF Reject OFF 

leakage Test Adapter 

Horizv/cm 10 
Sens. l nA/v 

(1) With diode holder empty, check and set output DC level with switch in 
11Adj 11 position. Baseline should not shift more than 6mm (300pA grid 
current) when the switch is returned to its normal position. Position base

_ line to bottom graticule line, using the preamp POSITION control. 

l 
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(2) !nstal I Type 6045 diode in shield, close shield. 

CAUTION: The diode lead extending to the left reaches a peak voltage of 
about 105v during this test. Avoid touching it with the fingers when the 
shield is closed. The diode is disconnected from the drive circuit when the 
shield is open, allowing safe handling. 

(3) Note that the display starts with a spike of l .5 to 3 cm (upper trace of Fig. 
3 is at sensitivity of 0.2nA/cm. Spike at 0.5nA/cm should be only 40% 
as high). The 50 msec/cm sweep rate is too fast for a high-capacitance, 
low leakage diode, and the trace indicates leakage~ capacitive displace
ment current. Step sweep rates to slower and slower sweeps until stepping 
the sweep time/cm has negligible effect on the vertical amp I itude indication. 
For a typical 6045 (5 to 8pf at 0v), it will be necessary to set sweep time/cm 
to 2sec/cm to obtain a vertical display of leakage alone. A good rule of 
thumb is to set the sweep at least lOX slower than the range which dropped 
the amplitude by about 1 cm. 

Figure 3 (lower trace) was taken at 2sec/cm, preamp at 0.2v/cm for 0.2 
nA/cm. The diode is shown to have a leakage of 0.8 na at 90v bias (1 .1 
x 105 MegQ equivalent). 

lvi.A/v 

_//L_ -~~s- e11~G:J----ig ),---.,1,,--11 ~~~it~.{ 
1-f: /()11/c:-1.M- - --

\j " e,.h.A /~ 
5b IIU'>E'c j CM, 

2 sedc.,.._, 

Fig. 3. Type 6045 diode. 

V: 0.2nA/cm. 
H: l0v/cm. 

Upper trace, 50 msec/cm (leakage, pl us 
capacitive displacement). 

lower trace, 2 sec/cm (leakage) • 

Capacitive displacement current is 
(C) x (v/sec). Vertical trace shift is 

f/i nA cm x msec cm 
P cm= 

Horiz. v cm 

3 
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D. Demonstration No. 3 (Capacitance of low leakage, high capacitance Silicon 
Diode) 

Note: For the purposes of this demonstration, capacitance is displayed using 
the l nA/v sensitivity position of the leakage test adapter. In normal 
use, capacitance would be measured by an alternative technique dis
cussed below, making use of the second operational amplifier with a 
compensating adapter to obtain the sensitivity required without the 
bandwidth sacrifice involved in the 1 nA/v position of the adapter 
sensitivity switch. 

Proceed as fol lows: 

(1) Display the leakage characteristic as in Demonstration No. 2, noting the 
value (cm) at some bias voltage of interest. (It wil I not be necessary to 
convert this to nA). 

(2) Step the sweep time/cm faster until there is a significant (> 1 cm) increase 
in vertical amp I itude indication at the voltage of interest. Note the dis
placement. The capacitance sensitivity at this sweep rate is: 

f I Vertical nA cm x Swee Msec cm p 1 cm = 
Horiz Volts cm 

The number of picofarads capacitance will be proportional to the number 
of centimeters difference between the leakage current and the leakage
pl us-displacement current noted at the faster sweep. 

CAUTION: Do not change the vertical sensitivity between noting the 
leakage value and observing the displacement due to capacitance -- only 
change the sweep rate. If sensitivity is changed, both zero level and 
leakage value must be rechecked to obtain a proper difference reading. 

In Fig. 3, taken at a sensitivity of 0.2nA/cm, the sweep was changed from 
2sec/cm to 50msec/cm, for a capacitance sensitivity of 

0.2x50_ 1 fl 
10 - p I cm. 

At the 50 v bias point (graticule centerline) the displacement difference was 
9 mm or O • 9 pf. 

Note that at a much lower bias point the difference -- and hence capacitance -
is much greater. Though the capacitance indicated is about 3 .5 pf at perhaps 
1 v bias the measured value at 100 mv was actually about 6 pf. The risetime 
of the 1 nA/v circuit is insufficient to show the value below about 1 v in this 
10v/cm display. 

In the interest of accuracy, it should be noted that the "leakage only 11 curve 
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is somewhat distorted by capacitive indication. The capacitance sensi
tivity at 2 sec/cm was 

I O • 2 X 2QQQ 4 / pf1 cm = 10 = 0pf 1 cm. 

About l mm of that initial step in the leakage curve at 0v, then, is due 
to capacitance. At the 50 v mark, where capacitance is only 1 pf, the 
error (~l/4mm) is negligible. Where leakage at 0v is critical, the capa
citance effect can be minimized by going to 1 v/cm horizontal drive at 
the same sweep rate, rather than delay measurements by going to an even 
slower sweep rate. 

E. Demonstration No. 4. (Preferred Capacitance Method) 

Demonstration No. 3, using the 1 nA/cm sensitivity of the leakage adapter is 
adequate for cases where the capacitance is relatively high, the leakage low, 
and measurements very close to 0v are not required. 

Using the second operational amplifier as a Xl to XlOO compensated amplifier 
(with compensator 013-081 or equivalent), sweep rates up to 0.1 msec/cm may 
be used to evaluate small values of capacitcmce, and -- with special techniques, 
moderate values of capacitance in the presence of considerable leakage. With 
the second operational amplifier in place, offset, tailored noise reduction and 
other techniques are also available to facilitate measurements. 

Set up as fol lows: 

(1) lnstal I compensating adapter in operational amplifier A. 

(2) Carefully check DC output level of operational amp I ifiers A and B (open 
the shield to disconnect the diode in B and set sensitivity to 1 µA/v before 
checking level, then connect the output of B to the input of operational 
amplifier A, using coaxial (shielded) cable. Set the preamp to 1 v/cm, 
+A and operational amplifier A to Zi = 10k, Zf = l M. Touch up DC bal
ance of B (using Adj switch) as the preamp sensitivity is increased to 0.1 v/cm 
for an overall sensitivity of l nA/cm. Position trace to bottom graticule I ine. 

(3) Set horizontal drive for 1%/cm (1 v/cm)~ 

(4) Install diode and close shield. Step sweep rate clockwise until a rate is 
found which provides a substantial increase (> 1 cm) in vertical deflection 
but not faster than 0. 2 msec cm. If the sweep rate is 200, 100, 20, 10, 2, 
1 or 0.2msec cm, calculate capacitance sensitivity at this rate by the 
formula 

f. 1 nA cm x msec cm 
P 1 cm = Horiz v cm 
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(When horiz v /cm is 1 and nA/cm is 1, vertical capacitance sensitivity 
in pf is equal to the msec/cm setting of the time/cm control). 

If the sweep rate is 500, 50 or 5 msec/cm, set the preamp to O. 2 v / cm 
(2 nA/cm), step up to the next foster sweep (200, 20 or 2 msec/cm) and 
calculate the capacitance sensitivity at the faster rate (400, 40 or 4pf/cm). 
If the sweep rate is O .5 msec/cm, step back to l msec/cm and set the pre
amp to .05v/cm (0.5nA/cm). In this case the capacitance sensitivity is 
now 0.5pf/cm. 

(5) Adjust compensation of operational amplifier A for best risetime with mini
mum noise, having the compensator selector switch at Zi <Zf. At highest 
sensitivity, it may be an advantage to set Zf of operational amp! ifier B to 
10 pf (make sure that LF Reject is off, as it will otherwise degrade measure
ment accuracy). Do not set Zf as high as 100 pf, however, as risetime wi 11 
be considerably degraded. 

(6) Step sweep to a rate l step faster than that for which capacitive sensitivity 
was calculated (i.e., double the sweep speed), and note the difference in 
vertical displacement. This difference, multiplied by the calculated capa
citance sensitivity for the slower sweep, is the actual capacitance. 

Explanation: The vertical displacement in the first setting was due to capa
tance plus leakage. By doubling the sweep speed, the capacitance sensitivity 
was doubled, giving effectively a reading of 2 C + L if calculated for the 
slower rate. The difference between the readings is (2C+ L) - (C+ L), or C. 

The same technique may be used for very low capacitances, using a lOX 
change in sweep rate, the difference then becoming (lOC+L) - (C+L), or 
9 C. The indicated capacitance in this case is divided by 9 to obtain the 
true value. The 2X change, of course, is easier to handle. The trick is to 
select a slower rate which is a factor of 2 slower than the next foster step. 
When the rate change is 2-1/2 to 1, as it is when the slower rate is 500, 50, 
5 or O .5, it 1s usually easier to change sensitivity combinations than to divide 
the answer by 1 .5. For a demonstration of the l OX sweep, 9X capacitance 
technique, see section H (4) and Fig. 10. 

F. Demonstration No. 5. (Capacitance near Ov). 

The point at which diode capacitance is highest is in the region of zero bias, and 
it's often most important to obtain a reading as close to zero as possible, but with
out driving the diode into conduction, since recovery characteristics (diode and/or 
amp I ifier) after conduction wil I mask the capacitive effects. 

For measurements near zero volts, it is necessary to obtain as fast a risetime as 
possible in the measuring system, consistent with noise level and sensitivity re
quirements. 
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The smallest value of drive obtainable in the leakage test adapter is 1%/cm, or 
normally, l v/cm. 

By turning on the magnifier, however, the CRT horizontal display resolution may 
be improved without affecting the drive to the device under test, since the os
cilloscope magnifier affects only the CRT display, not the generated sawtooth 
which appears at the front panel. 

With a X5 magnifier, the drive to the device under test in the 11l%/cm 11 posi
tion remains 1 v per centimeter of the unexpanded sweep, but the CRT display 
is expanded so the display is 200 mv /cm. 

It is possible (Fig. 4, lower trace) to obtain a sensitivity of 0.5pf/cm with the 
system 0-98% risetime occupying no more than the first 50 to l 00 mi I livolts of 
the diode characteristic. 

Pnid~~p I 
{).S-v(c.,.'..j 

V: S"'A/cw. 
'I:! t),Spf l<:M 

vJhi¼--sweer =
o. I r11sec/ct¥<. 

I I I 

. 
I I I I '''' 

I . -
. -

,.j ,: 
D . -. . . . . . . 

rf 
.. • 

Fig. 4. Capacitance Measurement. 
... 

1LJ .: 
Use of compensating adapter provides fast 
(<15µsec) overall system 0-98% risetime. 
Unmagnified sweep rate, 0. l msec/cm; 
X5 Mag on for better resolution. 

Upper trace: interference from +Gate. 
Lower trace: 470 pf across sawtooth out-

put, allows 0.5pf/cm 
sensitivity. 

The device used for figure 4 is a 1 pf capacitor having a slight positive voltage 
coefficient of capacitance. 

The upper trace of Fig. 4 shows an anomoly -- loss of adequate zero reference at 
the start of the trace when operating at O. 1 msec/cm. The cause is a smal I amount 
of the leading edge of the +Gate waveform capacitively coupled into the saw
tooth waveform, momentarily turning on the coupling diode in the leakage test 

. 

4 
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adapter. This spike can be materially reduced and zero reference restored by 
installing a 470pf capacitor (.00047µf) between the sawtooth output terminal 
and the adjacent ground terminal, or between the +Gate output terminal and 
ground. it is not recommended that this modification be made permanent, how
ever, as it will cause material degradation of the sweep or gate waveform at 
rates faster than those used in this application, and may cause internal sweep 
waveform aberrations at the fastest sweep rates. 

Some other precautions to be observed in attempting noise reduction are noted 
below under 11noise reduction techniques 11 (Section I below). 

To measure input capacitance near 0v, then, proceed as follows: 

(1) With the preamp set to 0.5v/cm and sweep time/cm at 1 msec, +Internal 
triggering, move input cable of operational amp I ifier A from B to the Cal 
Out connector and apply 2mv of calibrator waveform. Adjust compensat
ing adapter for optimum squarewave compensation (minimum risetime with 
minimum overshoot). 

(2) Return cable to the output of operational amp I ifier B, and reset triggering 
controls for line triggering. Set Time/cm to 0.2msec/cm. If Zf of opera
tional amp! ifier B was set to l O pf in the previous demonstration, return it 
to 11EXT11 • 

(3) lnstal I 470 pf capacitor from Sawtooth Out terminal to ground (stop the 
sweep generator for this operation). 

(4) Install 1 pf capacitor in diode holder, set horizontal drive (%/cm) for l v/cm 
and sensitivity to 1 µA/cm. 

(5) Close adapter shield. Display should be a step 1 cm high. 

(6) Position the step horizontally to graticule center and tum on the magnifier. 
Note that there is no increase in display amp I itude. Now increase sweep 
speed by a factor of two to 0. 1 msec/cm. The display should resemble the 
lower waveform of Fig. 4, with the system risetime no greater than 1/2 cm 
horizontally (100 mv). 

Having confirmed the system 1s measurement capabi I ity, remove the 1 pf capacitor 
and substitute a diode, proceeding with the two-step capacitance measurement 
technique outlined in demonstration No. 4. Figure 5 shows the capacitance of 
a Type 6061 diode at l00mv (0v is l/2cmtothe left of graticule center), at 
sweep rates differing by a factor of two (1 msec/cm and 0 .5 msec/cm). The cal
culated sensitivity at the slower rate is 5 pf/cm. The difference in deflection 
being 1 .8 cm, the actual capacitance of this diode is shown to be 9 pf (out of 
spec, incidentally, as this diode is supposed to be 8pf max at 0v). 

Current sensitivity of the system set up for Fig. 5 is 5 nA/cm; at this point we 
might backtrack to find the leakage. If 1.8cm of the initial 2cm step was capa
citance, leakage must be 0.2cm or l nA. The actual measured value was 1.5nA 
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at 100 mv. This backtracking method is not recommended as a leakage mea
surement except where speed is essential. The technique is most useful in 
estimating leakage measurement error due to capacitive displacement current 
at the slow sweeps used for leakage tests (see pages 8 and 9). 

/ ,A/1 

(,,ob I __ ./L. -K l)r ~cl~~ p/ 
O,S°V/cj 

H = I vb"' 
v: 5"kA/clM. 

SWet! P~ I ni 'Set }ci,tt 
C,\,,d ().'51111-sec/ CW' 

l ''I' 
• • . . • 

I I 

-,.': 
. -
• m 

. . . .. . 
. . 

Fig. 5. Capacitance of 6061 . 
r .. 

Two-step sweep method (1 .0 and O .5 msec/cm) 
shows ~I of 1.8cm. At 5pf/cm, C = 9pf at 
center! ine, representing 100 mv bias (X5 Mag 
on to improve display resolution). 

, 
-~ .. -~ .. ... 

G. Demonstration No. 6: Capacitance Measurement in the Presence of Substantial 
Leakage. 

The current sensitivity required to measure smal I amounts of capacitance in the 
presence of substantial leakage currents presents a problem in having the trace 
onscreen (i.e., within range of the position control) in order to observe the 
capacitive displacement current. 

To solve the problem, use of the second operational amplifier is again required, 
this time as a slideback amp I ifier, to put the signal of interest on-screen. 

Rather than go to the bother of constructing a DC offset voltage supply, we 
suggest using the oscilloscope's square-wave calibrator, which provides effec
tively a two-trace display, one trace offset by the calibrator amplitude. 

The problem and solution are illustrated in Fig. 6. In (a) we see the leakage 
characteristic Oces) of a Type 2N970 transistor, displayed at a suitably slow 
sweep rate. (The step at the start is characteristic of many semiconductors and 
is not due to capacitance. However, it can be a serious source of measurement 
error -- see Section K below). 

. '·' ' 

5 
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(a) leakage, 2N970 0ces) 0-10 v, 2 msec/cm. -Step is due to high leakage near Ov, not 
primarily due to C. leakage at 5v is 
:> 200 nA. 

(b) Calibrator used to offset leakage to near 
Ovlevel. 

(c) Using offset to al low increasing gain for 
two-step sweep rate method of measur
ing C. lower trace, 2 msec/cm; upper 
trace, 0.2msec/cm. D. I= 2.25cm 
( 1145 pf 11) + 9 = 5 pf at 5 v. See text for 
detai Is. 
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FIG. 6. USING CALIBRATOR SIGNAL FOR OFFSET. 
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Display was triggered from calibrator for this illustration; normally, asynchronous 
sweep would be used to obtain continuous trace. 
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The schematic and waveform (b) show how the injection of 20 v of the calibrator 
waveform via a 1 M resistor (Zf/Zi = 0.1 for this signai) produces 2v chopped 
offset to the preamp, approximately equal to the amplifier A output for the 
leakage at the point (Ee= 5v) we want to examine. 

The voltage steps avai I able from the calibrator will usually be sufficient to 
offset the leakage signal to within the range of the O-Unit position control. 

If it is desired to make the offset exactly equal to the leakage, in order to retain 
zero reference and to avoid adjustment of the posit ion control, a 470 k res is tor 
in series with a small 500 k pot (such as 311-361) is recommended, installed in 
series with the calibrator signal. The resistor and pot should be located as close 
to the -grid input of the operational amplifier as possible, to avoid noise pickup. 
Once the offset (Cal signal via R2) matches the input via R 1, Zf may be varied 
at will, and only the gain will change, not the position. 

The waveforms in Fig. 6 (c) show the result (lower waveform) of increasing gain 
lOX -- which may be done either by changing operational amplifier A Zf to 1 M 
or by stepping the preamp sensitivity to 100 mv/cm -- and of increasing sweep 
speed by 10X, from 2 msec/cm to 0.2 msec/cm rate (upper trace). The capaci
tance sensitivity at 2 msec/cm and lO nA/cm with l v/cm horizontal drive is 
20pf/cm. Increasing sweep speed X10 gives us 2.25cm increase in vertical 
deflection, or a 1145 pf 11 indication at the center! ine (representing Ee = 5 v). 
Actual capacitance is 1/9 of this amount (see page 10 for calculation) or 5 pf. 

The leakage/ capacitance ratio for this transistor is 40 nA/pf. The technique 
may be extended by a factor of better than two before sweep-rate, sensitivity, 
noise and risetime I imitations come seriously into play to limit measurement 
accuracy. 

One I imitation not mentioned is that the O-Unit compensating adapter was not 
installed when the offset technique was used, as the compensating adapter pro
vides no convenient external access to the -grid. The lack of compensation makes 
for a longer risetime in the system, and so I imits the capaci I ity of making these 
sl ideback measurements near zero volts. The compensating adapter may be 
modified, or another adapter may be constructed in the O-Unit blank terminal 
adapter chassis 013-048 to provide both the compensation and summing circuitry 
if desired. See also H (2) below. 

H. Miscellaneous Demonstrations: 

(1) Low-leakage, low-capacitance diode Type l N999. Figure 7 illustrates 
the problem of measuring capacitance and leakage in the same display when 
the leakage is very low. The sensitivity required for the leakage measure-
ment (0 .5 nA/cm or better) is at the I im it for short-term stabi I ity of the 
cascaded amplifier arrangement required for capacitance measurement (1 sec/cm 
or slower sweep required for leakage test to avoid capacitive effects). The 
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sensitivity of the system (overal I nA/cm) must be the same for both mea
surements if leakage is to be subtracted from the capacitance indication. 

Fig. 7. Leakage (lower trace) and 
capacitance (upper trace) of l N999, 
0.5 nA/cm vertically, lOv/cm hori
zontally. Capacitance sensitivity 
(difference) is 0.5pf/cm. 

Test setup: 

Upper trace: 

j,v.A/v f I av 
/ ,1/1. 

_,,-,1_ 
r:J - I C'O V 

(1ov/cu,) 

Lower trace: 

/~A/v 
preu,1 (-8) 

~-.-.~------i o.svl~ 
i.r· 1 .sec: I 6-. 

...l... 

The measurement may be made using photography or a storage indicator, 
changing measurement systems between shots as shown in Fig. 7. The pre
ferable solution is the two-sweep-rate method of capacitance measurement, 
obviating the need for observation of leakage during the capacitance mea
surement (see (2) and Fig. 8 below}. 

7 

(2) Separate Leakage and Capacitance Measurement (2N706B: NPN Silicon, 25v 
transistor). With the operational amplifiers cascaded for high sensitivity for 
the l j-1A/v adapter setting, the DC output level control of the second opera
tional amplifier may be used for a limited amount of offset to bring the capaci
tance measurement (2-sweep-rate method) on screen in the presence of substan
tial leakage. Figure 8 (a) is the leakage measurement (10 nA/cm) showing 
leakage of ,..,5 nA at low voltage and 10 nA at 5v. Waveform (b) shows the 
capacitance measurement taken at higher sensitivity (l nA/cm), stepping from 
2 msec/cm (2 pf/cm) to 1 msec/cm, for a capacitance measurement of 2 .8 pf 
at 5 v. Waveform (c) shows the capacitance at O .5 v by the same method 
(4pf), using the DC output level control of operational amplifier A (used as 
X50 amplifier) to bring the waveform within position control range. 

_CAUTION: The DC output level of the operational amplifier used with the 
leakage test adapter MUST BE SET TO ZERO at all times, and particularly 
with germanium devices. See Precautions and Limitations below. 
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(a) Overall calibration 

V 10nA/cm 
H 1 v/cm 
T l sec/cm 

(b) Overall calibration 

V 1 nA/cm ---;;, 2 pf/cm 
H 1 v/cm, zero at O cm 
T 2 msec and l msec/cm 

C at 5 v, 2. 8 pf 

(c) Overall calibration 

V 1 nA/cm -;,- 2 pf/cm 
H : l v/cm, zero at +4.5cm 
T 2 msec and 1 msec/cm 

C at O • 5 v, 4 pf 

FIG. 8. Capacitance measurement, 2N706B, by 2-step sweep method, using 
separate sensitivity settings for (a) leakage (10 nA/cm) and (b, c) 
capacitance (1 nA/cm) measurements. See Section H (2). 



Fig. 9a. leakage and capacitance 
of 1 N707 Zener diode (7 v Zener). 

Horizontal 1 v/cm 
Vertical 0.5µA/cm 
Upper trace O. 2 msec/cm 

(100 pf/cm) 
lower trace 50 msec/cm 

Capacitance at 0.2v, 310pf. 

Fig. 96. leakage and capacitance 
of 1/4M10Zl0 (10volt Zener). 

Horizontal 
Vertical 
Upper trace 

lower trace 

l v/cm 
.05µA/cm 
10msec/cm 
(500 pf/cm) 
2sec/cm 

Capacitance at 0.2v, ,-..1150pf. 
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9a 

(3) Zener Diodes. Capacitance of even the small 250mw zener diodes is quite 
large. Figure 9 shows the test setup for two popular types, (a) the Hoffman 
1 N707 and (b) the Motorola l/4M10Z10. Figure 96 reveals a noise charac
teristic typical of the region just below the Zener 11knee 11 • At the point 

·where the noise becomes evident (~6 .5 v), the diode appears as 260 MegQ 
para I leled by 450 pf. 
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FIG. 10. 

Capacitance measurement with lOX sweep 
step. Indication is 9X capacitance sensi
tivity of slower sweep (5nA/cm at 5msec/cm 
w/1 v/cm drive -,>25pf/cm). 
Difference in indication at 0.5msec/cm is 

25 
9 pf/cm or 2.8 pf/cm. 

(4) lOX Sweep Technique (Type 6061 diode). Fig. 10 shows a method of ob
taining maximum capacitive indication for a given nA/cm sensitivity --
in this case 5 nA/cm. The lower trace is 5 msec/cm (slowest sweep showing 
noticeable capacitive displacement), the upper trace is 0 .5 msec/cm. 
Lower trace capacitance sensitivity is 25 pf/cm. Displacement of 1. 1 cm 
at 5v bias is an indication of 1127 .5 11 pf; divided by 9 yields 3 pf as the 
actual capacitance at this voltage. At about 200mv, actual capacitance 
is 8.5pf. As we have seen (Fig. 5) use of a compensated amplifier and 
the magnifier would reveal an actual capacitance of 9 pf at 100 mv on 
this particular diode. 

I. Noise Reduction Technigues. 

Particularly when working with the second operational amplifier to provide extra 
bandwidth at high sensitivity, noise can get to be a problem as a limit to resolu
tion. 

(l) Using Zf. Under most circumstances -- provided the leakage test adapter 
sensitivity is set to 1 µA/v -- Zf of its operational amplifier may be set 
to 10 pf to reduce noise without materially affecting risetime. A higher 
value (100 pf) may be used if risetime is not material -- i.e. if capacitance 
value near 0v is not to be measured. A setting of .001 µf may cause oscil
lations and is not recommended. The 1 nA/v sensitivity position bandwidth 
is already swamped by the existing strays, and further trimming will have 

· considerable effect on accuracy at the start of the trace. 

/(, 
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The LF Reject circuit must be OFF for all operations; it will introduce 
large measurement errors if switched in when Zf is set to C. 

FIG. 11. 

Using Zf for noise reduction (triple exposure). 
Traces for Zf= 0 or lOpf are superimposed; 
100 pf degrades risetime. Horizontal drive .t. _...__~ _ _.____,,..Ill'-...,__ _ _._ _ __._ _ ___. __ ,._ 
2v/cm, l msec/cm. Display: 0.2msec/cm, 
0.4v/cm (X5 Mag.); V = l nA/cm(=0.5 pf/cm). fl 
(Compensating adapter was set for overcom-
pensation, to emphasize any variations.) 

Figure 11 shows the effect of adding Opf, lOpf and lOOpf to a noisy trace 
at 1 nA/cm obtained by X 100 gain (overcompensated) and O. ·1 v /cm preamp 
sensitivity. Note that the O pf and l O pf traces are superimposed, but the 
degradation of risetime is quite noticeable with 100 pf. The waveform is 
of a 1 pf capacitor with 2v/cm horizontal drive at l msec/cm for a vertical 
sensitivity of O .5 pf/cm. With the X5 magnifier on, the horizontal display 
is 0.4v/cm and 0.2msec/cm. The capacitance indication with lOOpf Zf 
is substantially in error for the first half volt and more due to the ...... 300 µsec 
risetime of the degraded circuit. 

(2) Using the Compensating Adapter. Frequently it's desirable to suppress 
high-frequency amplifier noise for a short time by more than can be accom
plished with the Zf control of the operational amplifier carrying the leakage 
test adapter (setting Zf to .001 µf can frequently cause oscillations). When 
the amplifier compensating adapter 013-081 is installed on the operational 
amp I ifier serving as a X50 or X 100 amp I ifier, however, simply flipping the 
compensating adapter mode switch from Zj < Zf to Zf > Z; wi 11 reverse the 
differential capacitor connections and provide a marked reduction in band
width, and hence HF noise sensitivity. 

Use of this switch position is particularly handy in photographing or storing 
leakage characteristics at 1 sec/cm or 2 sec/cm. It must be kept in mind, 
however, that noise characteristics of the semiconductor under test will 
also be suppressed, along with system noise. 



FIG. 12 

Type 6045 diode showing some noise 
above 50v. 

H = 10 v /cm; V = 5 nA/cm. 

FIG. 13 

h-e~? 
S"v I c~ :....---~-

Noisy Type 6075 diode (5 consecu
tive traces, 50 msec/cm). 

H = 2v/cm; V = 5µA/cm. 
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(3) Non-System Noise. The noise showing on the trace in some cases is not due 
to the O-Unit but to the device under test. Figures 12 and 13 show noise 
which is characteristic of the particular semiconductors under test, and not 

/2 

13 

due to the measurement system. Figure 12 is a Type 6045 diode at V = 5nA/cm, 
H = lOv/cm (single shot); Fig. 13 shows 5 consecutive traces (at 50msec/cm) 
of a noisy Type 6075 at V= 5µa/cm, H = 2v/cm. The noise is not necessarily 
typical of these diode types; other samples of the same types show neg! igible 
noise under the same test conditions. Indicated noise amp I itudes should only 
be taken as a relative noise in_dex, not absblute, since the O-Unit system 

. bandwidth is quite I imited under the conditions of measurement. Noise is 
generally proportional to leakage. 
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J. Precautions and limitations. 

Serious errors can be introduced into measurements taken without some basic pre
cautions. The most critical are: 

(1) (Leakage tests). DC level Output must be as close to 0 v as the fina I trace 
position must be to the true leakage figure, particularly for germanium de
vices. This is discussed further below (K). 

(2) (All tests). Always operate at a low sweep rep-rate (60cps or slower). 
For very sensitive measurements, as much as 2 sec between sweeps may have 
to be allowed. 

(3) (All tests). Zi must be set to EXT in the operational amplifier carrying the 
leakage test adapter. 

(4) (All tests). Zf must be set to EXT (or to 10 pf or 100 pf if noise reduction is 
desirable and risetime degradation is not critical). 

(5) (Al I tests). LF Reject should be OFF. If inadvertently left ON when Zf is 
set to C for noise reduction, the resistive feedback wi II introduce serious 
(> 50%) error. 

(6) (Capacitance Tests). Capacitance and leakage must be measured at the 
same vertical sensitivity if the difference in readings (C) is to be meaning
fu I • It 1s easy to forget th is when using storage or photography. An excep
tion to this rule applies when measuring capacitance by the two-sweep-rate 
technique; the deflection due to leakage is automatically subtracted in the 
calculation. 

K. Special Note on DC level. The 11foot 11 at the start of the sweep is a convenient 
zero reference for positioning the trace, but can be a trap if the operational am
plifier Output DC Level is not set accurately. The problem is this: the cathode 
of the diode under test (we can look at the collector of a transistor simply as a ca
thode) is always returned to 0v between sweeps by the adapter 1s input divider 
resistor and by the silicon disconnect diode at the adapter input. We assure free
dom from circuit recovery (charge and discharge of stray capacitance by pico
ampere currents) by specifying that the sweep be operated at a slow rate -- 60 cps 
for most measurements, but with a holdoff up to 2 sec if this proves necessary. 

However, because the operational amplifier input is connected to the output by 
a DC path (Zf), changing the output DC level (which we do actually by moving 
the ground reference for the -grid) causes the input grid to move away from 
ground. 
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NOTE: This representation is inverted from 
normal display, and represents diode char
acteristics for 1grounded anode 1 ( :to l?i'd ~ ! ) "' 

FIG. 14. 

Three of the four conductance regions of a germanium diode (the fourth is avalanche -
reverse breakdown -- to the right of the region illustrated). 

Note relatively abrupt transitions between@-@ and@-@. The same phenomena 
may be noted (with different proportions) in silicon. 

® 

© 

Reverse leakage at low voltage. Slope is of resistance much higher tho~ 
for region @. 

Low resistance region: resistance is almost constant for region~±100mv 
from O. Slope and extent vary with type. 

(Forward) logarithmic region. Above ~l00mv, conductance increases 
logarithmically with bias. 

Failure to start leakage measurement at 0v bias may produce leakage measurement 
error if drive-start point is assumed to be O v point. Error can be as great as the 
current difference between region@and region© before being noticeable, and 
hence leakage measurement error can be 50% or more, for a low-leakage diode. 
See text (K). 
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In the 1 µa/v position of the leakage test adapter the relation between output 
and -grid voltages is l: l; moving the output level over its range of approxi
mately ±150mv moves the -grid by the same amount if the input Z is >> l MegQ. 
With a diode installed, mis-setting the DC level wi 11 start the leakage curve at 
bias points which may be as much as ±150mv from 0v. With many low-leakage 
types of diodes, this error in assignment of the 0v point on the diode curve (see 
Fig. 1, Tl 3G, and Fig. 14, representing diode characteristics near zero volts) 
may cause a leakage measurement error of 50% or more, because of the steep 
characteristic of the leakage near zero volts (imagine moving the zero volts 
point back and forth between the dotted lines of range B , in order to visualize 
the current level where the sweep start 11foot 11 would appear on the display. 

Here is the one saving feature: 

Regardless of how the output DC level may be mis-set, the zero current reference 
obtained by removing the diode under test is correct within 300 picoamperes if 
the O-Unit is properly calibrated. 

Thus, regardless of the location of the 11foot 11 of the display, the leakage£§_ 
measured from zero current reference is correct, though the zero voltage point 
may be off by ± 150 mv from actual 0 at the left of the display. 

In the 1 nA/v position, the situation is a little different. The -grid moves only 
1/20 the amount that the output DC level moves, so an output DC level setting 
error of 200 mv wi 11 make the zero volt reference incorrect by only 10 mv. 

However, in the case of very low leakage silicon diodes, we find a region of 
relatively high conductivity similar to that seen in germanium, and failure to 
start the drive at exactly 0 v potentia I difference between the cathode of the 
diode and the -grid of the leakage test adapter can produce an error in leakage 
measurement, even though the possible zero-setting error is only a few millivolts. 
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FIG. 15. EFFECT OF O-UNIT GRID CURRENT AT 1 nA/v. 

(a) Eguivalent circuit for 1 nA/v sensitivity. With Output DC level correctly set, 
300pA grid current will produce 300mv output, but -grid will remain at Ov, 
assuring zero bias on diode under test at start of display. 

(b) Actual circuit used. If output DC level is changed, only 1/20 of this voltage 
change will appear at input. If DC level set is used to buck out grid current, 
however, -grid will shift by 1/20 of the output voltage change and may affect 
leakage reading. 

Effective input R of -grid in both cases is 400 k. if output DC level is correctly set, 
shunting -grid to ground with RL +Rs= 400 k should return output just halfway to Ov. 

In the l nA/v sensitivity position, the zeroing problem is complicated by the foct 
that the current indication for zero current from the diode wi! I differ from the 
trace position representing optimum setting of the DC level adjustment, by the 
amount of the grid current (<300pA if the O-Unit is properly adjusted). This 
difference should not be bucked out with the DC Level adjustment. If the DC 
level adjustment is properly made using the DC Level Adj. switch, the -grid of 
the operational ampi ifier wil I be kept at O v when there is no external current 
applied via the test adapter, and the output only will move to supply the grid 
current (see Fig. 15a). The output reading under these circumstances, then 1 

will be displaced from the level-set point by the amount of the grid-current, 
but wi 11 be the correct 11no-diode-current 11 reference. 

For setting up high sensitivity measurements then, always proceed as follows~ 

(1) Using the front-panel switch, set the Output DC Level adjustment to the 
preamp "zero check 11 level, using 0.2v/cm or better preamp sensitivity. 
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(2) With the adapter empty and set to 1 nA/v, use the position control to put 
the "no current" reference trace to a convenient point on the graticule. 

(3) If the 11foot 11 of the display with a diode installed is displaced from the 
zero reference, try increasing holdoff between sweeps (e.g., go to single 
sweep, manually triggered sweeps, or delayed sweep), and double-check 
steps 1 and 2. 

(4) If the foot of the display remains offset from the zero-current reference, 
there are two possible causes: 

(a) If the foot is offset in the direction away from the zero-check point 
on the preamp, try removing the cable from the sawtooth out connector, 
leaving the diode in place. Change of zero level probably indicates 
that the sawtooth divider tap connected to the cathode of the diode 
under test is not at zero vol ts at the start of the sweep. (Check for 
proper operation of the sweep and sawtooth output circuits, or for a 
defective disconnect diode in the adapter). 

(b) If the foot is offset in the direction toward the preamp zero-check, 
the above may be true, or the device under test may have an extremely 
high conductivity region near zero volts. 

A resistance of 400 k would cause the output DC level to move halfway 
from its quiescent (zero current input) level to the zero check point 
(zero ohms would move it to the check point). Such a conductivity as 
that of a 400k resistance would produce a leakage current of 2.5nA 
per millivolt drive. A resistance of 4M (250pA per mv drive) would 
move the zero 10% of the way to the zero-check ooint. It 1s improbable 
that conventional semiconductors having this type of characteristic near 
0 v would require nanoampere sensitivities for leakage observations at 
l v to lOv bias. 

--o--
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Please make the following addition to your copy (or copies) of the 
Instrument Specification No. 112 for the Leakage Current Adapter. 

On page 4: 

Characteristic 

Maximum Internal Leakage 

In Section 3, Electrical Test Methods 

3.3 Maximum Internal Leakage 

Performance Requirement 

50 picoamps at 100 volts 

Set the Type O unit Volts/cm switch to .05 and the oscilloscope 
Time/cm switch to .1 sec. Set the Adapter Horiz Volts/cm switch 
to 10, and the µA/V-nA/V switch to nA/V. Any deviation from a 
straight horizontal trace indicates leakage within the Adapter. 
This deviation must not exceed 1 cm (50 picoamps) at 100 volts. 
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INTRODUCTION 

This is the Instrument Specification for the Leakage Current Adapter (013-086) 

for the Type O Unit, and is the reference document for all company activity 

concerning performance requirements. 

This Instrument Specification is for INTERNAL USE onlye 

General Information 

The Leakage Current Adapter is a Type O Unit accessory for measuring reverse 

leakage in semiconductor diodes. In addition to accepting regular axial-lead 

diodes, the adapter will also accept small-signal transistors for measuring 

reverse leakage in a diode-connected configuration~ The diode clips and the 

transistor socket are completely shielded to minimize leakage capacitance. 

Diodes are easily loaded by placing them in a notched retainer in the swing

down cover. When closed, the cover places the diode leads against spring 

clips. The swing-down cover must be left in the open position when measuring 

leakage in transistors. Tweezers may be required to load long-lead transistors 

in the socket and to remove short-lead transistors from the socket. 

The four-pin transistor socket accepts NPN and PNP small-signal transistors. 

The C-B-E pins in the socket are marked in black for NPN transistors and in 

red for PNP. The emitter and base leads of the socket are tied together. If 

all three transistor leads are inserted in the socket, the crt display will 

indicate reverse leakage from collector to base+ emitter. Collector to base 

only or collector to emitter only leakage will be displayed if the undesired 

transistor lead is not inserted in the socket. 

A positive-going sawtooth drive voltage is required at th• -A-. IN jack on the 

adapter. The Sawtooth Out (or Sweep Out) jack on most oscilloscopes that will 

accept the Type O Unit is a convenient source of this voltage. A 100-volt 

sawtooth is required at the diode cathode clip to establish the horizontal 

deflection factor and obtain a direct calibration from the HORIZ VOLTS/CM 

switch. (The diode cathode clip is the left-side clip, and is indicated as 

Test Point on the schematic.) Sawtooth voltages in excess of 100 volts 

(200 volts± 20 volts* maximum) may be set to 100 volts at the Test Point with 

the L PRESET adjustment. Sawtooth voltages less than 100 volts may be set 

to some desired percentage of 100 volts; the HORIZ VOLTS/CM switch setting 

must then be multiplied by this percentage to obtain the proper horizontal 
deflection factore 

r- ..J\.... PRESET is a 20% pot. 
-1-



The setting of the Type O Unit VOLTS/CM switch is directly translated to 

the same number of µamps/cm or namps/cm, depending on the setting of the 

µA/V-nA/V switch on the adapter. The resultant crt display is therefore a 

plot of leakage current vertically against reverse bias voltage horizontally® 

See Fig. 10 
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5 volts/div 

Fig. 10 Reverse leakage in 1N999 diode. At 25 volts reverse 
bias, for example 1 the leakage is ~ 0 * 455 namps@ 

The adapter may also be used to provide a crt display of resistance values 
la as high as 10 ohms. Figs. 2 and 3 illustrate the use of the adapter to 

calculate unknown resistance values. 
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Fig. 2. Current vs. voltage in unknown 
resistance. Current ~ 4.6 µa. e 50 volts, 
corresponding to ~10.87 X 10 6 ohms. 

Fig. 3. Current vs. voltage in un
known resistance. Current ~ 4.2 na 
@ 50 volts, corresponding to~ 
1L9 X 10 9 ohms. 



Characteristics Summary (Performance figures are typical) 

Vertical Deflection Factors 

Horizontal Defl~ction Factors 

Maximum Swe~p Rate 

Maximum Input Sawtooth Voltage 

·1.0 Perforro~nce Requirement~ 

1.1 Electrical Characteristics 

SECTION l 

1 µamp/volt and 1 namp/volt 

1, 2 9 5, and 10 volts/cm for 
100-volt sawtooth at TEST POINT 

1 msec/cm at µA/V 
O®l sec/cm at nA/V 
200 volts 

The following electrical characteristics are valid throughout the 

environment specified in Section 1.2. Tests and measurements are 

performed according to Sections 3 and 4® 
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Characteristic Performance Requirement 

Vertical. Deflection Factors -,--~JlJ1.amy/vo~ ~-0~}- n~p/v0:-t, __ ±8% __ 

.Horizontal Deflection Factors 

For 100-volt sawtooth at 
Test Point 

For< 100-volt sawtooth at 
Test Point 

Maximum Sweep Rate 

At µA/V 

At nA/V 

Harlmum Input Drive Voltage 

1, 2, 5, or 10 volts/cm, ±2% 

l, 2, 5, or 10 volts/cm~% of 100-volt 
sawtooth at Test Point 

l msec/cm 

0 .. 1 .sec/cm 
----

200 volts 

Supplemental Information 

_/\_PRESET adjusted for desired 
% of 100 volte at Test Point 

Faster sweeps less accurate due 
to junction capacitance of 
device under test __________ __, 

-----________________ _, 



1.2 Environmental Characteristics 

The Leakage Current Adapter is a laboratory instrument. Only the following 

environmental limits are applicable. 

L2.,l Storage 

No visible damage or electrical IM.lfunction after storage at 

=40@C to +65@C, as described in Section 4.lo 

1.2.2 Humidity 

The Adapter will perform to limits indicated in Section 1.1 

following humidity tests described in Section 4.2e 

1.2.3 Vibration 

The Adapter will perform to limits indicated in Section lel 

following vibration tests described in Section 4.3. 

1.2.4 Shock 

The Adapter will perform to limits indicated in Section lel 

following shock tests described in Section 4@4® 

le2.5 Transportation 

The Adapter will be packaged so that it will meet the requirements 

of the National Safe Transit specifications described in Section 4.5. 

Section 2 

2e0 Miscellaneous Information 

2.1 Finish 

Casting is Zamk #5 finished in a blue vinyl paint; panel is anodized 

aluminum. 

2.2 Overall Dimensions 

See Fig. 4 .. 

2.3 W~ight 

5 oz. maximum. 
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Fig. 4. Nominal overall dime~sions of Leakage Current Adapter. 

2.4 Connectors 

_J\_ IN connector is banana jack; all connectors to ':fype O Unit are 

banana plugs. 

2.5 Accessories 

1 

1 

Instruction Manual 

Banana-Plug Patch Cord, 18" 
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Section 3 

3.0 Electrical Test Methods 

NOTE: Calibration accuracy of the Leakage Current Adapter is dependent 

on the vertical gain accuracy of the Type O Unit. To check the O Unit 

gain, set the VOLTS/CM switch to 20 9 VARIABLE to CALIBRATED, and 

VERTICAL DISPLAY to DC,+. Connect a patch cord between the oscillo

scope C~L OUT connector and the O Unit EXT. INPUT connectors 

If the crt has a 4-cm (vertical) graticule, set the Calibrator for a 

50-volt pulse and check for exactly 21/2 cm of vertical deflection. 

If the crt has a 6-cm graticule, set the Calibrator for a 100-volt 

pulse and check for exactly 5 cm of vertical deflection. If the 

vertical deflection is not that indicated, adjust the O Unit GAIN ADJ. 

control for the correct deflectionc 

3.1 Horizontal Deflection Factor 

Be sure the Type O Unit gain has been checked as indicated in the note 

above. Set the O Unit VOLTS/CM control to 2 (leave all other controls 

as indicated in the above note) and remove the patch cord between the 

EXT. INPUT and CAL OUT connectors. Install the Leakage Current 

Adapter in the desired O Unit channel (A or B), and set the HORIZ 

VOLTS/CM switch to 10. Connect the long patch cord (with banana 

plugs) between the oscilloscope Sawtooth Out (or Sweep Out) connector 

and the ...A_IN connector on the adapter. Then connect a lOX probe to 

the O Unit EXT. INPUT connector, and touch the probe tip to the left

side diode clip (diode cathode clip, labeled Test Point on schematic). 

CAUTION: Do not clamp the probe tip to the diode clip; the diode clip 

cannot support the probe weighto Adjust the Vertical and Horizontal 

positioning controls so that the trace starts exactly in the lower 

left corner of the graticu'ie. 

If the oscilloscope has a 4-cm graticule, set the adapter _/\_PRESET 

adjustment so that the vertical deflection is exactly 4 cm* at the 8~ 

horizontal graticule mark, as shown in Fig. 5. If the oscilloscope has 

a 6-cm graticule, set the _;\_PRESET adjustment so that the vertical 

deflection is exactly 5 cm• at the 10~ horizontal graticule mark, as 

shown in Fig. 6. 

• See NOTE on page 8. 
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Fig. 5. Correct setting of ..J\_ 
PRESET adjustment for 4-cm 
graticuleo 

Fig. 6. Correct setting of A 
PRESET adjustment for 6-cm 
graticule. 

After setting the horizontal deflection factor at 10 volts/cm, 

switch the HORIZ VOLTS/CM switch to 5, 2, and l. Check the attenua

tion at each step for 5% accuracy (2% for the adapter, and 3% for the 

O Unit). 

3.2 Vertical Deflection Factors 

Vertical deflection factors are checked by measuring the current 

through resistances of known values (bridged) at an exact voltage. 

For example, if the G Unit VOLTS/CM switch is set to 10, VARIABLE to 

CALIBRATED, and the adapter µA/V-nA/V switch set to µA/V~ a 10-megohm 

resistance should produce exactly l cm of vertical deflection at 100 

volts (current= 10 µa). With the adapter switch at nA/V, ~ 10-

kilomegohm resistance should produce exactly 1 cm of vertical deflec

tion at 100 volts (current= 10 na). The tolerance of the resistance 

values must be added to the nominal 5% accuracy specified for the 

adapter/0 Unit combination. 

• NOTE: If the amplitude of the oscilloscope sawtooth is less than 100 
volts, it will not be possible to obtain the required 4 or 5 cm of vertical 
deflection at the proper horizontal graticule mark. In this event, set 
the A.PRESET adjustment so that the vertical deflection at the indicated 
horizontal graticule mark is some exact percentage of 4 or 5 cm. The 
HORIZ VOLTS/CM switch setting must then be multiplied by this percentage 
to obtain the correct horizontal deflection factor. 

-8-



4eO Environmental Test Methods 

4.1 Temperature 

4 .. 1.1 Storage 

Section 4 

Store for 4 hours at -40°C and 4 hours at +65°c, one cycle only. 

4.le2 Failure Criteria 

~e Adapter must meet performance requirements before and 

after storage. Cracking, warping, and significant color 

discoloration which interferes with normal function will not 

be permitted. 

·4.2 Humidity 

4~291 Nonoperating 

Perform two cycles (48 hours) of Mil-Std-202B, Method 160A. 

Delete freezing and vibration requirements. Humidity 90-98% 

at +25°C to +65°C. The Adapter will then be permitted to dry 

for 24 hours at room ambient before conducting electrical 

checks. 

4.2.2 Failure Criteria 

The Adapter must meet performance requirements before and 

after humidity tests. There shall be no significant 

deterioration of components, materials, or finishes. Deforma

tion which interferes with normal mechanical function will not 

be permitted$ 

4.3 Vibration 

4.3.1 Nonoperating 

Perform resonant searches along all 3 axes at .015 11 ±.003n 

total displacement from 10 to 55 c/s (2.3g at 55 c/s). All 

major resonances should be above 55 c/s. The swing-down 

cover shall be taped down during this test. 

4.3.2 Failure Criteria 

The Adapter must meet performance requirements before and 

after vibration tests. There shall be no broken leads, 

chassis, or other components, loose parts, excessive wear, or 

component fatigueo Deformation which interferes with normal 

mechanical function will not be permitted. 

-9-



4.4©1 Nonoperating 

Subjl!!ct the Adapter to a 11gu.illotine 11 type shock of 

11 msec nomin~l duration~ On~ shock to h~ applied in each 

direction along each major axis for a total of 6 shocks. 

4@4o2 F~ilure Criteria 

'.I.'he Adapter must meet performance requirements before and after 

shock tests. Cracked or broken chassis, components, or leads, 

or daformed chassis or components on the order of 0~100 11, or 

deformation which 1nterferes with normal mechanical function, 

will not be permitted. 

4~5 Transportation 

'In.e Adapter when packai,ged must meet the National Safe Transit type 

of tests. 

4G5.1 Packag~ Shake Test 

One hour on the vibration table with an amplitude slightly in 

excess· o:f lg which just causes the packae5e to leaive the 

vibration platformo 

4e5s2 Package Drop Test 

Drop from a height of 3ou on all corners, edgeHs j and flat Bu.rfac~s o 

4o5a3 Failure Criteria 

The Adapter must meet performance requirements before and after 

the transportation tests. There must be ~o serious damage such 

as broken l@ads, chassis 9 or components. Deformation which 

iJ:1terferes with normal operation will not be permitted. 
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SPECIFICATIONS 

GRID CURRENT 

Specs= .5namp max; adjustable to .3(-), .15(+) 

We've changed final specs for O unit grid current 
to "less than .5 namp; internally adjustable to less 
than .3namp at the -GRID and less than .15namp 
at' the +GRID" for two reasons: 

1. Grid current tends to vary slightly (±100 pamp 
in some cases) over 50 to 100 hours operation, and 
also may vary when the O unit is plugged into dif
ferent scopes or when it is shipped. A little leeway 
between test specs and advertised specs means less 
chance of customer rejects based on picoamp fly 
specking. 

2. There isn't much possibility that the test spec 
( .3 namp and .5 namp) could be tightened and still 

· provide a reasonable tube yield. 

Tube brands 

Recent evaluation of tubes of various brands aged 
100 hours indicates we can get a good yield of 

TEK O IRB 3-25-64 

FEN 5-11-62, 5-25-62 

12AU6' s to meet grid current specs from the 
following brands: 

Westinghouse (95%) 
Raytheon 
GE (passive cathode) 
Nippon 
Brimar (British) 

Evaluation of Telefunken and RCA 12AU6's showed 
poor yield, even after aging. We're settingupa 157 
selected tube number for matched pairs meeting 
grid current requirements. In the meantime, the 
plant is selecting Westinghouse 157-050' s. 

Grid current adjustment mod at sn155 

Mod 5728-0, effective snl55, adds a grid current 
adjustment pot and aids considerably in getting a 
good yield of tubes. It also helps the sharp-type 
customer adjust grid current to extremely low (but 
less stable) values for critical low level applica
tions. 





PERFORMANCE 

BANDWIDTH LIMIT A TIO NS 

The specifications of a "15 Mc gain-bandwidth pro
duce" for the O Unit operational amplifiers has 
apparently been quite confusing. This specification 
is for open-loop gain-bandwidth product - - the 
frequency at which the nominal DC open-loop gain 
of 2500 drops to unity .... and is not an indication of 
conventional 3 db bandwidth. 
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Using internal switched components, we obtain a 
"unity gain" 3 db bandwidth greater than 750 kc. 
The actual value varies somewhat depending on what 
pairs of equal resistors are used. Using two 10 k 
resistors the 3 db unity gain bandwidth may be as 
high as 1.5 Mc. 
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For those customers requiring maximum gain-band 
width, we hope to make a capacitive compensation 
adapter board. This should allow us to extend the 
closed-loop unity gain to above lOMc. With internal 
switched components alone, this wide a band is not 
possible due to switching difficulties. 

TEK O IRB 3-25-64 

/()me. f@ IV/3m<:. 

Customers should not be led to expect many-mega
cycle miracles from the instrument without external 
compensation. While the O Unit's operational ampli
fiers are a significant improvement over those 
generally available and are certainly valuable tools 
for many, many applications, we shouldn't allow the 
customer to oversell himself by misinterpretation 
of bandwidth specs. 





0 UNIT INTEGRATING PROBLEMS 
Jim Griffin, Geoff Gass 

Jim Griffin to Geoff Gass, ll-18-64 

The attached series of photos and data is self-explanatory. We noticed a definite ringing when using one time 
constant with one RC network; but if we keep the same time constant and change the RC values, the ringing 
disappears. Can you explain? 
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To: 

From: 

Subject: 

· Dear Jim: 

···-··· ----,..,-r- ... -·,, .,,, ..... 

lntet-Office Communication 

Jim Griffin, 
Union 

Geoff Gass, 
Product Information Liaison 

O-Unit Integrating Problems 
Your IOC 11-18 

Date: December 2, 1964 

Thanks much for the photos and complete problem report. Helps lots in pinning things 
down. 

On your No. 1 problem (Photo No. 9) .... a ratty looking integral of a 2.6v x O. 16µsec 
pulse (0.416µv-sec) -- this is about 1% feed-through of the leading and trailing edges 
of the input waveform to the output. In photo No. 9, your time-constants h~ve you 
shooting for a virtual gain (Integrating interval+ RC) of 0.016 -- that is, you're count
ing on the integrator to attenuate the average voltage amplitude of your particular sig
nal by a factor of 60. When the answer is only 1 .6% of the input, 1% feedthrough 
looks pretty horrible. The solution is to use a shorter time-constant and get your virtual 
gain back closer to 1 where 1% feed-through of many-megacycle information is not such 
a large part of the answer. 

The dimensions of your pulse for photo No. 9 came out 416 nanovolt-seconds. Divide 
this by l01-1sec (the time constant used) and you get 41.6 millivolts as the answer you 
should have gotten. The answer you actually have there (after the pulse quits bashing 
things around) seems to be 40 millivolts, and that 1s certainly reasonable, considering the 
eyebal I measurements I took on your original pulse. · 

As noted in the Feb.-April 163 Service Scope article (we'll refer to this again later -
might as wel I dig it out) the O-Unit is pre-compensated for these little difficulties, so 
even though things may be lumpy while you're taking a fast integral, as soon as you quit 
kicking the poor little fella, he does hand you the right answer, although during the 
kicking, his responses may be somewhat garbled. " 

Ultimately, Jim; the problem is this: The O-Unit has a finite transit time, which says 
the output does not develop an. immediate response to any input, but one delayed in time 
by a few nanoseconds. The O-Unit also has a non-zero risetime, so even after it~ 
responding to an input, there's some time before all of its muscles come into play. 
(Maybe I 1ve said the same thing twice here). The ultimate result is, that the input drives 
the output via the series combination of Zi and Zf for a little bit before the amplifier 
starts driving the output in the opposite direction. So you see about 1% preshoot when 
you slam the integrator with a fast-rise pulse. 

In sine-wave terms, we say the gain-bandwidth product of the op-amp is 15 me, but this 
does not mean that we maintain cm attenuation of precisely 1000 at 15 Ge. As a matter 
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of foct, the open-loop gain-of-one point may not make 15mc. The gain-bandwidth 
product is primarily useful back below 1/3 the frequency at which the gain is 1. 

Now that takes care of the cases where there is a "pre-shoot 11 (wrong direction) sort of 
step at the start of cm integral. 

How about the case where you get a "right-directionu step at the start of the integral . 
(photos Nos. 3 and 6)? This is end~to-end capacitcmce and/or waring strays through and 
around the input resistor. In other words, you never really have a 11pure 11 resistor there. 
A Welwyn or Tl 1 M resistor has maybe 0.6pf end-to-end capacitance. 

If the current through this.capacitance (due to dE1n/dt) is any significant fraction of the 
current that flows through the resistor (due to Ein), it will come out as error in the answer 
during the time that the capacitive current flows. 

let 1s take the specifics of photo No. 3. The input pulse is 5 v x 10 µsec = 50 µv:..sec. 
It jumps those 5v in maybe 20nsec, for a rate-of-change 250 x 106 v/sec (aren 1t you 
glad it doesn 1t keep rising for a second?). The current that 5 v should be pumeing through 
1 Meg is 5 µa. The current that 250 x 106 v /sec should pump through 6 x 10-13 forads 
(Q = It= CE and all that) is 6 x 10-13 x 250 x 106= 1500 x 10-7 or 150µa during the 
risetime of the pulse. About 3000% error for a little while, there. However,· since the 
pulse being integrated is about 500 risetimes long, the output capacitor is pumped up much 
farther by the 101-1see duration of the 5 µa resistor current than by the ~20 nsec duration of 
the ~ 150 !JO current from the stray capacitance. The 1000 pf Zf capacitor should be pumped 
up about 3 mv by the hypothetical 1501-1a x 20 nsec = 3 picoamp-second displacement cur
rent. 

In photo No. 3 we can see that the actual step is about 1.4mm corresponding to an error 
of 7 picoompere-seconds in 1000pf. This means the actual strays involved in the switches 
and wiring, and between the input and -grid connectors, and also to the -grid connectors 
from external radiation sources amounts to an effective value of about 1 .4 pf. (An error 
in guessing the pulse risetime doesn 1t matter here, 'cause we used it twice and effectively· 
canceled it out.) 

It's easier to calculate than by this roundabout means, though. Provided that the dE,n/dt 
is great enough so that during a 11stepn type transition the displacement current through 
the. strays is going to be much, much greater than the current running where it 1s supposed 
to through the resistor, the voltage output as the resu-lt of the step wil I be the vol toge of 
the step, times Ci/Cf, where Ci is the effective input stray capacitance existing between 
the· signal source and the -grid (capacitance to ground doesn 1t count). To tum it around, 
then, the input stray capacitance is Ci= E0 Cf/Ein• In this case, you put in an input step 
of 5 v and got out 7 mv, so Ci = 7 x 10-3 x 10-9 + 5 = 1 .4 pf (effective). If you started 
out with a 50v step having the same risetime, the value of E0 would hove been easier to 
measure and Ci would be more accurately caicula~ed in case anybody reol ly cares. 

The step in the opposite direction at the end of the ramp, caused by the dEin/dt of the 
foll of the input step, corrects the final answer, so all is not lost. But if the customer 
wanted his integral at sometime .2th!r than when the input was resting quietly at zero volts, 
his answer would be in error by 7 microvolt-seconds. Not so hot, especially when you're 
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working with waveforms other them neat 5v x lOµsec rectangular pulses (which can be 
eyeball-integrated anyway and don't need an O-Unit). 

What to do? 

Well, the O-Unit manual says, stick around virtual gains of 1. In this case (photo No. 3) the 
setup was aiming for a virtual gain (integrating interval + RC) of .01. However, in moving 
to photo No. 6, holding the megohm and changing the C from 10-9 to 10-11, and thus 
shooting for a virtual gain of 1, the step looks much worse in absolute value (up from 7 mv 
to around 200 mv even though the input has been halved) and is not much improved in 
terms of percentage of the final answer •. 

The answer to this specific: problem is not in shuffling the feedback capacitor to change 
the virtual gain, but in this case, reducing the value of the input resistor. Since we're 
stuck with a certain amount of stray capacitance coupling a certain amount of current 
from the input connector to the -grid every time we have a fast transition in the input 
signal, about the only thing we have left to do is increase the 11right-answer 11 current 
(through the resistor) so that the 11error 11 current through the strays won't be so large in 
proportion. Increasing the size of the signal won 1t help, because the error currents wi 11 
increase just as fast as the current through the resistor. 

The only practical solution is to reduce the size of the resistor. 

If the best answers are to be obtained around a gain of one, then for a 101-1sec integrating 
interval, we should use an RC of l01-1sec. 

If we have l .4pf Ci that we're stuck with, and we have a 5v input step, a 1.4pf Zf will 
give us a 5v output error (~100% error if the right answer is 5 v). A 14 pf Zf wi Ii give 
us an 0.5v output step 0,,10%). A Zf of 140pf will give us an output step of 50mv (~1%). 
That sounds better. A 100 pf feedback cap will give· us an output step of 70 mv, or 1 .4% 
error if the right answer is 5v. So let's go with lO0pf and l0Y,sec -- which just naturally 
leads us to 100k for the input resistor. Try it out and -- voilal -- photo No. 5 shows that 
we get the right answer during the entire integrating interval and for another 5µsec to 
boot. No step. 

You can approach this logically another way by just saying, to increase the 11right answer 11 

current through Zi for a given voltage input, we want.to reduce the resistance of Ri, so 
instead of having 350µa x 20nsec error from the capacitance lousing up 5µa·x lOµsec 
through the resistor, let it try to louse up 50µa x lOµsec. Well, however you like to 
ang I e it, the answer comes out the same. No step. 

This is mentioned -- though not in as verbose a fashion -- in the Service Scope article, 
Part 2, Apri I 163 issue. You £2!1 some ti mes reduce the step effect by using an externa I 
Zi, switching the ±grid switch to+ and grounding the ±grid connector externally, thus 
eliminating one front-panel "c::mtennan connection to the -grid. 

But hold on, you say. Photograph No. 4 may have solved the -step problem of photo No. 
3, but 4 and 5 are showing up a new problem, and that problem is getting really rotten 
in photo No. 6 which has the step, to boot! 
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Well, that brings up the third factor that gets into the picture, and thot 1s the LF Reject 
circuit. (Please do not smite your forehead like that, Jim, you could hurt yourself. 
The O-l)nit does have ingredients other than limitations, problems, errors, diddle-factors 
and funnies. it's i ust unforhmate you managed to overt um :loo many stones at once here.) 

If you scrabble about a bit in the Engineering section of the O-Unit IRB, you 111 find a 
rambling 19-page monograph W'I!; put tog~ther lad year on the mechanics and limitation!!, 
of lF Reject circuits in general (why-have-'em and what-they-do), and of the two 
( 111 cps 11 and 011 kc") LF Reiect circuits provided in the O-Unit in particular, and instruc= 
tions on how to build your own if you can't get the c:mswer.. you want with the ones pro-
vided. · 

Actual to get 11universal II reject circuits, the O-Unit would need, instead of the 
.little toggle switch, something more I ike the 533 sweep and mag system ••••• a lot of 
different time-constants, and several different ways of getting each one. 

The two that are provided in the O=Unit are of general-purpose utility, and£@ optimum 
for a lot of applications. But page 12 of this writeup shows what kind of errors are intro
duced by the circuits if you try to hang onto answers too long, or to keep on integrating 
over too long an interval. 

let 1s take photo No. 5 as an example of an integral that 1s started showing a 11droop 18 

problem (which will turn into damped sinusoidal ringing at around 3 .4 kc, foiling off to 
an amplitude of about 1 mm in another 500µsec -- didn't it?). 

The integrating interval of lO!Jsec using 100k and 100pf is~0.1 of the 11lag 11 (lousy 
terminology by operational amplifier standards -- 1110911 in the feedback, i.e., delayed 
DC feedback, is known as II lead 11 in the trade, but I understand it better as lagging DC 
feedback) time constant provided by the 1 kc LF Reject drcult which you were using. 
So from Table 2, page 121 we get the basic error foctor B ~ .002. Plugging that into the 
formula above, with Rf= 200k and Cf= 100pf and a TL value of 100µsec we come up 
with an error at the end of 10µsee of ~1%. Not bad. ' · 

let 1s run over to the 9 cm mark, where we've stretched the integrating i nterva I out to 
401,1sec (8 cm x 5 µsec/cm). 

The interval/lag ratio is now about 0.4 and the error should foll between 3.5 and 20°/o 
(component tolerances) with a center value of about 12%. 

The actual droop in photo No. 5 is 25%, or around twice the predicted value. 

The reason for this is not well explained in the lF Reject writeup. At the top of page 11 
the foc:t is mentioned that integrals of waveforms which start out slowly and then increase 
rapidly to their final value will be more accurate than those which start out quickly and 
then slowly sneak up to their final value. But it's not explained that the table on page 
12 applies only to the 11middle 11 case -- where the integral increases at a fairly constant 
rate during the entire integrating interval (looking time, time before the value is mea
sured). 
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In the case of photo No. 5, we have a worst-case condition, where the integral in
creased for lOµsec and then did substantially nothing for the next 30µsec. The source 
of the error signal (i.e., output voltage) that will be coming back to the input via the 
lF Reject circuit is there in the first 10 µsec. For the remainder of the 30 µsec, there 1s 
nowhere to go but wrong. 

If the integral had continued to increase for the full 40µsec, the output would hove been 
2.4v (1.2cm) per time-constant for a final value of 9.6v, minus the predicted error.of 
12-13% (assuming the lF Reject components were "right on" center values). The total 
error of, say 1.2 volts would have been compounded of O from the zero-time point, 
600mv from the +10µsec point, maybe 400mv from the +20µsec area and maybe 200mv 
from the +30µsec area (actually, this is a continuous process -- I'm only lumping them 
up to convey an idea). The point is that after 40µsec, the 2.4v output that existed at 
+10µsec will have pumped a total of 6 nanocoulombs back to the input from the output -
that is, it will have pulled that much charge out of the integrating capacitor -- regard
less of whether thereafter the integral increased or not. 

So that 1s how what the table says should be a 12-13% error actually is about 25% if the 
integral reaches its ultimate value in a quarter of the total integrating interval. Con
versely, if there was practically nothing going on in the first 20µsec, and the big contri
bution came in the last 20 µsec, then the error at 40 µsec would have been 25% of what 
was there at 10µsec (like, hardly anything) plus maybe 7% of what was there at 20µsec 
plus 2% of what was there at 30µsec, and the overall total would be much smaller them 
the predicted 12-13%. 

Wei I, now. On to the ringing. Page 13 of the writeup explains why the ringing exists 
and what the frequency will be for lf Reject circuits in general; Table 3, page 14, gets 
specific for the combinations in the 0-Unit. The ringing and the. errors due to ringing 
wil I be aggravated whenever the period of the signal being integrated foils within the de
cay time (column 5) for the setup. If the period is «ring start, you get 11AC' 1 integration. 

There are several things 'you can do when you just can't get answers using the lF Reject 
circuits of the O-Unit. 

(a) Go to a "partial integrator" circuit, simply using feedback resistance across the 
. integrating capacitor and omitting the lF Reject shunt capacitor, which is the 

phase-shifting cause of the ringing but is also the component that lets you get maxi
mum use out of the circuit. Alternatively, use the DC Reject circuit of Figure 9, 
paged7. · · 

(b) Build an LF Reject circuit externally that's better tailored to the application. In
structions on page 15. 

(c) Use the reed-relay trick on page 16, which dumps the shunt capacitor right after 
it 1s done all the good it con and before it can start doing harm. 

(d) Use the gating adapter, which we also happen to sell. Tek No. 013-068. But see 
too the gating adapter limitations described in the 0-Unit IRB and the "error 19 photos 
on page 6. of this writeup. 
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(1) A m;,t-very-quickie formula is given on pages 18-19 of the LF Reiect writeup for 
picking R1s and C's and integrating intervals to stay out of lF Reject errors. A 
universal rule for picking and Cf for a given application is pretty hard to state. 
The RC should be picked to give a virtual gain around 1 -- say XlO to+, 10 == 

the R should be the lowest value that doesn 1t louse up the signal source; the C 
should be one that 1s most compatible with the LF Reject circuit used. 

(2) What are the I im its when the 110 11 is used as cm integrator? That 1s another tough 
one, because there are various limits. A single pulse which at XlO virtual n 
provides the smallest usable deflection on the scope using 10k and lOpf wou d 
seem to be one limiL How much deflection is 11usable 11? A centimeter? A pulse 
of l 1-1sec duration and 5 mv amplitude will produce 50 mv out (1 cm deflection) 
using the 10011sec time-constant. That 1s 5nanovolt-seconds. You 1d get the same 
cmsw·er (assuming your O is tweaked correctly) from a 50 mv x 100 nsec pulse,. or a 
500 mv x 10 nsec pulse. A 5v x 1 nsec pulse would show up the feedthrough 
bugged you in photo No. 9, but the ultimate answer would be close to correct. 
But we're pushing another limit there -- distortion and error in the total ct a 
time where the input isn 1t sitting quietly at zero. 

if we try stretching it the other way, pushing for X100 virtual gain w a 500!Jv 
x 101-1sec pulse, we start running into other limits caused by open loop gain-band
width I imitations. 

However, by using the compensating adapter and amplifying the output, I did once 
get a single-shot measurement of a 50 mv x 10 nsec pulse from a 109, which a 
545A/l cannot reproduce at full amplitude. The integrator plus amplifier sh 
it upstairs correctly, however, displaying the integral of 500 picovolt seconds one 
centimeter high. What actually was pumped into the O-Unit was 310 0 00'0 e 
-- i.e., 500picovoit-seconds at the 9 1:zinta end of 10k. (Of course, several 
million electrons were being pumped through a 50Q termination at the same time, 
but 310,000 were all that the 0-Unit used.} The single-sweep picture was out of 
focus and hence barely visible; otherwise I 0d send you a copy. For low frequency 
work, hum, noi5e, grid current, drift, LF Reject limits and open loop gain are the 
chief I imitations, each coming into play in a different way, 

Well, lucky you, Jim. You sure bought yourself a book on this one. Hope some of it 
proves useful. 

GG/cmh 

CC = Hiro Modyosu 
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INTRODUCTION 

TO 

OPERATIONAL AMPLIFIERS 

SERVICE SCOPE, February and April 1963 
INTRODUCTION I feedback -TO 

OPERATIONAL AMPLIFIERS 

Prepared by 
Tektronix Jiicld I11for111ation Depart111e11t 

Part I. 
Functionally speaking, an operational am

plifier is a device which, by means of nega
tive feedback, is capable of processing a 
signal with a high degree of accuracy lim
ited primarily only by the tolerances in the 
values of the passive elements used in the 
input arnl feedback networks. 

Electronically, an operational amplifier is 
simply a high-gain amplifier designed to 
remain stable with large amounts of nega
tive feedback from output to input. 

General-purpose operational amplifiers, 
useful for linear amplifications with precise 
values of gain, and for accurate integration 
and differentiation operations, have low out
put impedance and are DC-conpled, with the 
output DC level at ground potential. 

The primary functions of the operational 
amplifier are achieved by means of negative 
feedback from the output to the input. This 
requires that the output be inverted (180° 
out of phase) with respect to the input. The 
conventional symbol for the operational am
plifier is the triangle shown in Figure 1-a. 
The output is the apex of the triangle; the 
input is the side opposite the output. N ega
tive feedback, through a resistor, capacitor, 
inductor, network or nonlinear impedance, 
designated "Z," is applied from the output 
to the input as shown in Figure 1-b. The 
input to which negative feedback is applied 
is generally termed "-input"* or "grid" ( in 
the case of vacuum-tube operational ampli
fiers). 

* The operational amplifiers of the Tektronix 
Type O Operational Amplifier also provide 

access to a non-inverting input. Uses of 

this "+input" or "+grid" are discussed 

later. 

-~~:-~-----~, 
(o) 
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!>-----:--"'-;--~~~l~o 
!in ~ Eout 

Null 
point 

Null 
point 

(b) 

E out 

Cc) 

Figure l. Conventional Operational Ampli

plifier Symbols. 

la) The input is to the base of the triangular 

symbol, the output is from the apex 
opposite. The -input and output are 

out-of-phase (arrows). 

lb) Feedback element Z, provides the nega
ative feedback to permit high-accuracy 

operations. The amplifier seeks a null 
at the input by providing feedback cur

rent through Z, equal and opposite to 

the input current I;,. Output voltage is 

whatever is necessary to provide required 

balancing current through Zr. 

le) Input element Z; converts a voltage signal 
(E;,) to current, which is balanced by 

current through Z,. 

Operational Amplifier Seeks Volf(Jqe Null 
at -Input 

An operational amplifier, using negative 
feedback, functions in the manner of a self
balancing bridge, providing through the 
feedback element whatever current is neces
sary to hold the -input at null (ground 
potential). See Figure 1-b. The output sig
nal is a function of this current and the im
pedance of the feedback element. 

The -input, held to ground potential by 
the feedback current, appears as a very low 
impedance to any signal source. Using re
sistive feedback, for instance, the input ap
pears to be the resistance of the feedback 
element, divided by the open-circuit gain of 
the operational amplifier. 
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If current is applied to the -input, it 
would tend to develop voltage across the 
impedance of feedback element, and move 
the -input away from ground potential. The 
output, however, swings in the opposite di
rection, providing current to balance the 
input current and hold the -input at 
ground. If the impedance of the feedback 
element is high, the output voltage must 
become quite high to provide enough current 
to balance even a small input current. 

Input Element Z; Converts Input Signal 
to Current 

Since ,we more often have to deal with 
voltage rather than current signals, an addi
tional element is used in most operational 
amplifier applications, designated "Z;'' (input 
impedance). This is an impedance placed in 
series with the -input, converting into 
rnrrent that parameter of the input signal 
which we want to appear as voltage at the 
output ( Figure 1-c). 

If Z, and Z, are both resistors ( Figure 2) , 
the operational amplifier becomes a simple 
voltage amplifier, the gain of which is 
-Z,/Z,. 

E out 

->-----0 i 
© 

(a) 

(b) 

Figure 2 

la) Operational amplifier using resistors for 
both Z;and z, becomes fixed-gain linear 

amplifier. Gain is -Z, . 
Z; 

lb) "See-Saw" operation of operational am

plifier. System appears to pivot about 

a fulcrum (the null point BJ whose "loca
tion" is determined by Z,/Z;. 



Let's examine the mechanism by which 
this works. Referring again to Figure 2, 
we apply a voltage to point A, causing 
current to flow through Z,. I/I/ere it not for 
the operational amplifier, this current would 
a.lso flow through Z, and to ground through 
the low impedance at point C, making Z, 
and Z, a voltage divider, and raising the 
voltage at point B. However, the opera
tional amplifier operates to hold the voltage 
at point B (the -input) at ground potential. 
To do this, it must supply at point C a 
voltage which will cause a current to flow 
through Z, which will just balance the cur
rent flowing through Z,. When point B is 
thus held at ground potential, the voltage 
across Z, is obviously equal to the applied 
voltage at A. 

Output Voltage is lnpiit Current X Imped
ance of z, 

The current through Z, is equal to the 
applied voltage at A divided by the im
pedance ( in this case, resistance) of Z,, or 
E,n/Z,. This same value of current must 
flow through Z, in order to keep point B at 
ground. The voltage at point C, then, must 
be E,n/Z, (which is the value of the current 
in Z,) multiplied by Z,. The output is in
verted ( of opposite polarity) from the input, 

so we say that Eont = ( -E,n)( ~:), and 

the voltage gain of this amplifier configur-

ation is seen to be -Z, 

See-Saw Operation 
As indicated in Figure 2-b, the opera

tional amplifier with resistive input and 
feedback elements acts in see-saw fashion, 
the amplifier moving the output end of the 
see-savv in response to any motion of the 
input end, causing the system to pivot about 
an imaginary fukmm, which is the "sensing 
point" (-input). The distance from the 
near end to the sensing point or fulcrum 
corresponds to the z, or input resistor, and 
the distance from the fulcrum to the far end 
corresponds to Z,. The motion of the far 
end depends on the motion of the near end 
and the ratio of the two distances. This 
analogy suggests that the operational ampli
fier may be used to solve dynamic problems 
in mechanical engineering, and so it can. 
One of the principal uses of operational 
amplifiers has been in the rapid solution of 
complex mechanical or hydraulic problems 
by means of electronic analogs of mechani
cal or hydraulic systems: operational ampli
fiers are the basic components of an analog 
computer. 

As may be expected, simple linear voltage 
amplification by precise gain factors is, 
though useful, not by any means the limit 
of the operational amplifier's capabilities. 

Capacitor as Z, Senses Rate-of-Change 
Remembering that an operational ampli

fier with a resistor as a feedback element 
:responds with an output voltage equal to 
the uroduct of the input current and the 
feedback resistance, let'; consider what hap
pens if a capacitor is used instead of a 
resistor as Z, ( Figure 3) . 

..li" "' R 

Figure 3. 
Operational Amplifier as Differentiator. Out

put is proportional to rate-al-change of input 
=dE,, 

voltage. East = ~- X RC. 
dt 

The current through a ·capacitor is propor
tional to the rate-of-change of the voltage 
across the capacitor. A steady state DC 
voltage across a capacitor (assuming an 
"ideal" capacitor) passes no current through 
the capacitor, so no balancing current need 
be furnished by the output to hold the 
-input of the operational amplifier at 
ground. The output voltage then, is zero. 

If the voltage at the input is changed, 
however, the change causes a current to 
flow through capacitor Z,. The amount of 
current that flows is directly proportional 
to the capacitance of Z, times the rate of 
change of the input voltage. 

Let's assume that the poten_tial at point A 
is + 100 v DC, and that we change it 
smoothly to +95 v DC in five seconds. This 
represents a rate of change of one volt per 
second, the change taking place over a period 
of five seconds. If the value of Z, is 1 µf, 
then, a current of -1 microampere will 
flow through Z, for those 5 seconds. 

The operational amplifier will cause an 
equal and opposite current to flow in Z,. 
If we select a value of 1 megohm for Z,, 
the one microampere current necessary to 
balance the circuit will require + 1 v to ap
pear at the output of the operational ampli
fier, during the time that 1 µa current flows 
through the capacitor. 

This operation is differentiation: sensing 
the rate-of-change of an input voltage, and 
providing an output voltage proportional to 
that rate of change. 

The actual relationship of output to input 

is this: Eout = - ( d!'") (RC), where the 

. dE,n . d' h expression -- m 1cates t e rate of change 
dt 

(in volts per second) of the input signal 
at any given instant, and R and C are Z, 
and Z, respectively. 

In our example, we used a constant rate 
of change, and obtained a constant voltage 
level out. Had the rate been less even, the 
output signal would have demonstrated 
this dramatically with wide vanattons in 
amplitude. The differentiator senses both 
the rate and direction of change, and is very 
useful in detecting small variations of slope 
or discontinuities in waveforms. 

Differentiator Has Rising Sine Wavr 
Response Characteristic 

In responding to sine-waves, the differ
entiator has a rising characteristic directly 
proportional to frequency, within its own 
bandwidth limitations (see Figure 7). The 
output voltage is equal to (E,n) (21rfRC), 
and the output waveform is shifted in phase . 
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by -90° from the input ( the phase shift 
across the capacitor is actually +90°, but 
the output 1s inverted, shifting it another 
180°). 

Capacitor as Z 1 Senses Input Amplitude 
and Duration 

If we interchange the resistor and capaci
tor used for differentiation, and use a re
sistor for Z, and a capacitor for Z, (Figure 
4) we obtain, as might be expected, the ex
act opposite characteristics from those ob
tained above. While in differentiation we 
obtained an output voltage proportional to 
the rate of change of the input, by swapping 
the resistor and capacitor, the output signal 
becomes a rate of change which is propor
tional to the input voltage. 

This characteristic allows us to use the 
operational amplifier for integration, since 
the instantaneous value of output voltage at 
any time is a measure of both the amplitude 
and duration (up to that time) of the input 
signal - to be exact, a sum of all the 
amplitudes, multiplied by their d~rations, of 
the input waveform since the start of the 
measurement. 

Here's how integration works: Let's as
sume the conditions of Figure 4 (Z, = 1 
meg, Z, = 1 µf), and an input signal level 
of zero volts. No current flows through 
Z,, so the operational ·amplifier needs to 
supply no balancing current through Z,. 
Suppose now we apply a DC voltage of 
-1 v to Z,. This will cause a current of 
-1 µa to flow in Z,, and the operational 
amplifier will seek to provide a balancing 
current through Z,. To obtain a steady 
current of 1 µa through 1 µf, the opera
tional amplifier will have to provide a con
tinually rising voltage at the output, the rate 
of rise required being 1 volt per second. 
It will continue to provide this rate of rise 
until the input voltage is changed or the 
amplifier reaches its swing limit ("bottoms 
out"), or approaches its open-loop gain. 

Now, this rate-of-rise, though helpful in 
understanding the mechanism by which the 
operational amplifier performs integration, 
is not the "answer" we seek from an inte
grator. The significant characteristics is the 
exact voltage level at a certain time, or after 
a certain interval. 

E in 
□ ,L__J 

, :Im f~ _00 t -

~ □v 

Figure 4. 

Operational Amplifier as Integrator. Output 
rate of change is proportional to input 

voltage. 
dEout -Ein -1 -- = --- , or Eout == 

dt RC RC 

f E,n dt. RC in the example here is l 

second. Output, then, is 1 volt per second 
per volt input, and-mast important-the 
output level at anytime is one valt per volt
second input. 
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Integrator Holds Final Level Until Reset 
Before the amplifier reaches its output 

limit, suppose we remove the input voltage 
to Z,. The output does not return to ground, 
but remains at- the level it reached just be
fore the signal was removed. The rate of 
rise has stopped because the necessity for 
providing + 1 µa through Z, to maintain the 
null at the -input has been -removed. With 
an ideal capacitor and amplifier, the output 
voltage would remain at the last level 
reached indefinitely, until an input signal 
of the opposite polarity were applied to Z,, 
and a negative-going rate of change at the 
output were required to maintain the null 
at the -input. 

If the positive input signal is greater thal]. 
our original -1 volt, it will take less time 
for the output voltage to reach zero than it 
originally took to rise. If the positive sig
nal is smaller, it will take more time. 

The absolute output level of the integrator 
at the end of some interval is the sum of the 
products of all the voltages applied to Z, 
since the output was at zero, times the dura
tions of these voltages, that sum divided 
by -RC. 

Interpreting Answers Obtained From In
tegrator 

The mathematical expression for the out
put level reached in a given interval of time 
(T 2 - T 1 ) is as follows: 

(-1) 1·T, Eout = RC T, E1n dt 

The integral sign indicates that the value 
to be used is the sum of all of the products 
(E,n X dt) shown, between the limits (T,, 
T,) noted. The expression "dt" indicates 
infinitely small increments of time. 

It is not necessary, however, to understand 
and be able to manipulate expressions in in
tegral calculus to understand and make use 
of an operational amplifier integrator. 

The integrator provides a voltage output 
proportional to the net number of volt
seconds applied to the input. If the total 
volt-seconds of one polarity is equalled by 
those of the opposite polarity, the output 
level at the end of the selected interval will 
be zero. Let's look at some examples. 

Simple Example of Data From Integrator 
First, we'll assume the signal we want to 

integrate is a simple one-volt positive pulse 
of one second duration ( Figure 5). The sum 
of all ·voltages times durations between T, 
and T, is one volt-second. Using 1 megohm 
and 1 microfarad for Z, and Z,, the opera-
tional amplifier output w/'!!._i~)ll fat the rate 

of one volt per second \ RC or one sec

ond, reaching -1 v when the pulse ends, 
and remaining at that level. 

Tn reading this output level at T, we know 
that the input signal has amounted to 1 volt
second during the interval T, to T,. Note 
also that a later observation, at T,, gives 
the same answer, since E, .. has been 0 be
tween T, and T,. 

Morr C0111plex Casps 
Now, take the more complicated case of 
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Input Integrator 

Tl 

Ov~ T2 T3 
~ ~lv 

Output (ln
dicates one 
volt-second 
input) 

Figure 5. 

Simple 
pulse. 

case of integrating 1-volt-second 
Integrator does not improve meas-

urement accuracy in so simple a case. 

~l sec---.j lvrf1 
Ov 

Tl , 
(a) T2 lµf 

Ov~ . 

_ ~Do5V 
(a) ' 

T2 

(b) 

OvL. 

~.4v 
T 

(b) 2 

Ov~ T - □ .4v 
1 I 

(c) (c) T 2 

Input Integrator 

Figure 6. 

Output 

Integrating more complex waveforms to de
termine "area under the curve" between T, 
and T,. Note that in (c) the negative portion 
of the input waveform reduces the net inte
gral. 

the waveform in Figure 6-a. Its four volt
age levels, of different duration, cause the 
integrator output to fall at four different 
rates, reaching a final level representing the 
total number of volt-seconds contained in 
the waveform. It should be apparent now 
that the integrator can measure the total 
volt-seconds contained in even the very com
plex waveform of Figure 6-b - something 
that would he difficult to measure by direct 
observation of the waveform. This type of 
operation is often referred to as "taking 
the area under the curve," since the area 
underneath a waveform plotted agaimt time 
(i.e., the area hounded hy T,, T,, the wave
form and the line representing 0 volts) is 
the number of volt-seconds involved. Note, 
too, that we needn't wait for T, to obtain 
a reading : the instantaneous value of Eout 
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at any time is proportional to the input volt
seconds up to that time. 
Using Different Values of R and C 

In the cases we've used for illustration, 
RC was 1 ( 10' x 10-'), and the numerical 
value of the output voltage at the end of the 
integrating interval was the number of volt
seconds in the input waveform. Using other 
values of R and C requires some additional 
calculation. To find the actual input volt
seconds, multiply the output voltage by 
(-RC). Example: R is 200 k, C is .01 µf 
and the output voltage after the selected 
interval is -2.5 volts. Multiplying -2.5 
hy ( -2 x 10' x 1 x 10-') gives us 5 x 10-', 
or 5 millivolt-seconds, positive polarity. Note 
that because of the polarity-reversal in the 
amplifier, we multiply by (-RC), to obtain 
the proper sign in the answer. 

3 



Measuring Ampere-Seconds (Coulombs) 
To measure ampere-seconds, Z, is omitted, 

and the current source is applied directly to 
the -input. The output level reached in a 

. . (T T) . -l; T, I d given time 2 - 1 IS C T, in t_ 

Integrator Response to + and - Signals 
If a waveform to be integrated contains 

both positive and negative polarity portions 
during the integrating interval, the output 
will be proportional to the difference be
tween the volt-seconds of each polarity, the 
integrator being an averaging device. If it's 
desired to add the two polarities instead of 
allowing them to be subtracted, it is neces
sary to precede the integrator with an "ab
solute-value amplifier" (full wave rectifier) 
which inverts one of the polarities. 

Necessity to "Reset" Integrator After T, 
The "integrating interval" (T, to T,) has 

been mentioned several times. Because we 
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frequently deal with repetitive signals; and 
continued integration of a waveform which 
is not perfectly symmetrical with respect to 
zero volts will eventually drive the opera
tional amplifier to its output voltage limit, 
it's desirable to have some way of returning 
the output to zero at or after T,, the end of 
the desired interval. 

For slow work, a pushbutton which can be 
used to discharge Z, manually is usually suf
ficient. Other circuits which may be used 
to perform this function automatically are 
shown in the applications section of the 
Type 0-unit manual. Where the integrating 
interval is quite short, RC networks may be 
placed around Z, to return the output level 
to O v through a time constant much longer 
( e.g., lOOX) than the integrating interval. 

In the Type O Unit, the "Integrator LF 
Reject" switch-positions perform this func
tion whenever Z, is set to a capacitive value. 

Since the LF Reject circuit operates con
tinually to return the integrator output to 
zero, it is necessary not only to keep the 
integrating interval short with respect to 
the LF Reject time-constant, but also to 
measure Eo before it has had a chance to 
decay, whenever these circuits are used. The 
value of resistors used in the circuit will 
also limit the maximum output obtainable 

f . 1· d ·. (M Eout or any given amp 1tu e mput ax E, .. 

~ , where R, is the resistance of the 
Z, 

LF Reject circuit. 

Reset or LF Reject Imperative When 
Z1 = C is Small 

Use of resetting or LF reject circuits is 
usually imperative when small values of C 
are used for Z,, since the small amount of 
grid current which flows in the -input 

"" '"' 
"" '"' 

C -

~ INTEGRATOR =I=~ 
= --

R 

/ 
c~ = 

/ 

' 
o--t DIFFERENTIATOR 

I/ 

"'}' '-/ '-

~1' 
1-~ 

/ 

~" "'/ '- '-.. ""1i,~~t: 
o"'- 'o ~,c ',o e:~~- 1=.ts ,r:J.... L..-L- ,f 

1~r' 
., ... ..__ 

I- t' cl'"-
!f.~ 1-- 1-{§l ' - 1--,0~~ ,..o-1 

.. , 
'+- /'Q~ .... / q"': / '5'"' 

/ / [ ,<f>,''71 / '1°1 
·, 

"'/ '- t- fl ~ ... "' / I ~ .. , ef3'~ ~•1 '-.. 

E :'i:'.., ~q,,f-- ~ ~'b. 
,c!'c.:e 'q, "q,.f, 'q, ., 

f,~Oo 

-I",:!,, '; 
;! ·o, ''b 

" N .~ " .. , 
/[ I' 1./' /I I Al Al I ll 

.01 

/ 

11 '-.. /j "' 
/ 11 '-; / 11 / 11 "' 111 I'-.. / '- '-.. 

1 cps 10 CPS lOOcps lk, 10kc lOOkc Im, 10mc 100mc 

FREQUENCY 

Average Goin•Frequency charoeteriilics for integralion and differentiation. 

Figure 7. 
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grid even in the absence of an input signal 
is sufficient to cause a relatively rapid rise 
in output voltage as the operational ampli
fier tries to hold the -input null with bal
ancing current through Z,. 

Response of Integrator to Sine /iVaves 
For sine waves, the gain of the integrator 

varies inversely with frequency, the actual 

gain being - l C' except as limited by the 
2-n-fR 

open-loop gain (at low frequencies) and 
the open-loop gain-bandwidth product at 
high frequencies (see Figure 7). At low 
frequencies, the gain becomes less than the 
formula would indicate, the effect becoming 
noticeable at the point where the formula 
indicates a gain of approximately 1/3 the 
open loop gain. At high frequencies, the 
error becomes significant above approxi
mately 1/10 of the open-loop gain-band
width product. Except as limited above, 
the integrator shifts the phase of the input 
sine wave by +90°. 

Editor's note: The second (and concluding) 
part of this article will appear in the April 
'63 issue of SERVICE SCOPE. This sec
ond part will discourse on the + input, 
a feature of some operational amplifiers. 
It will also discuss limitations of operational 
amplifiers, chief of which are: 

1. Open-loop Gain 
2. Gain-bandwidth product. 
3. Grid current (primarily of 

concern during integration). 
4. Output-current and voltage capa

bility. 
5. Signal-source impedance. 
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INTRODUCTION 
TO 

OPERATIONAL AMPLIFIERS 
Prepared by 

Tektronix Field Information Department 

Part 2 

Use of The +Input 

Many operational amplifiers (including 
those in the Tektronix Type O unit) pro
vide access to a non-inverting input, referred 
to as the +grid or +input. A positive
going signal injected at this point produces 
a positive-going signal at the output. Con
ventional identification of + and - inputs 
is shown in Figure 8. 

+ 

(a) 

(b) 
Figure 8 

Identification (a) of + and - inputs of 
an operational amplifier. If only one input 

is shown (bl, it is always assumed to be the 

-input. 

If the output is connected directly to the 
-input, the operational amplifier becomes a 
non-inverting gain-of-one voltage amplifier 
for a signal applied to the -f'grid, with very 
high input impedance and very low output 
impedance. 

Non-Inverting Amplifier With Gain > 1 

With less than 100% negative feedback 
( Figure 9), obtained by putting the -input 
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on a voltage divider between the output 
and ground, gains of greater than one may 

d h 1 . b . R, + R, be realize , t e actua gam emg ---
R, 

or 2 where R, = R,. 

E out= 
o 2 E in 

Figure 9 

Gain of Two Using +Input. Very high 

input resistance I> 109 !J). for signals on 

the order of 1 v amplitude is possible. Other 
values of gain may be obtained using dif

ferent ratios of R; and R,. 

Feedback applied to the +input from 
the output is positive feedback, which tends 
to raise the input impedance of the +input 
toward infinity as the amplitude of the 
feedback approaches the amplitude of the 
input signal. If the loop gain (feedback 
amplitude compared to signal amplitude) 
exceeds 1 for any frequency, the amplifier 
becomes unstable (negative input resistance) 
and will oscillate at that frequency. If the 
loop gain exceeds 1 at DC, the amplifier 
will swing to its output voltage limit and 
stay there. The +input is useful for ap
plications combining positive and negative 
feedback, and for use of the operational 
amplifier as an oscillator, waveform gen
erator or multivibrator. The +input may 
also be used to provide a balanced or dif
ferential input, in which the operational 
amplifier responds only to the instantaneous 
difference between the signals applied to 
the + and - inputs. Other uses are sug
gested in the applications section of the 
Tektronix Type O Operational-Amplifier 
instruction manual. 

Operational Amplifier Limitations 

In performing linear operations with an 
operational amplifier, it is necessary to rec
ognize and allow for the limitations of the 
amplifier and technique used, to obtain ac
curate results. The chief limitations are: 

1. Open-loop gain. 
2. Gain-bandwidth product. 
3. Grid current ( chiefly of concern dur

ing integration). 
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4. Output current and voltage capability. 
S. Signal source impedance. 

1. Open Loop Gain 

The accuracy of all operations is ultimate
ly limited by the open-loop gain of the 
amplifier, which determines how closely the 
amplifier is capable of holding the -input 
null. An amplifier with· infinite gain would 
provide a null of exactly O volts, and the 
impedance at the -input (using feedback) 
would be exactly O ohms. 

With finite gain, the -input does not 
quite null, and does not appear as O ohms. 
With an open-loop gain of A*, the -input 

moves _l_ times the output voltage swing, 
A 

and appears as an impedance which is 
Z, f Eout 

If this voltage swing o -A 1-A· 

JS a significant fraction of the input signal 

z, 
E, 0 , or if the impedance 1 _ A JS a sig-

nificant fraction of Z,, there will be a 
definite output signal error in addition to 
the error introduced by the tolerances of 

*Common usage in the analog computer 

field assigns a negative number to the open
loop gain between the -input and output 

(and a positive number to the gain from 

the +input). Therefore, in calculating values 

from formulas involving A and the -input, 
it is necessary to keep in mind that A is a 

negative number, and the expression 
"l - A" for instance, when A is -2500, 
equals +2so1, not -2499. 

One simplification has been made in this 

article. Closed-loop gain, commonly expressed 

~z, [ l (l 
' 1-- 1 

A 

as 

has been reduceu to, -z, 
[A - 1 

A ~J --
Z; It may also be 

Z; 

written -z'[ 1 

l if 

z, 1 - 1 + Zr/Z; 

A 
this seems to indicate the effect of A on 
accuracy more clearly. 
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Z, and Z,. The exact value of this error is 

A Z, . 
l - A-1-Z, So long as Zi 1s small 

z. 
and A is large, the error is not serious. 
For instance, using the 0-Unit's operational 
amplifiers (at low frequern,ies where A = 
-2500) in the simple fixed-gain amplifier 
mode with resistors for Z, and Z,, we see 
that the error for the gain of l (Z, = Z,) 

. 2500 1s only 1 - -- , or less than 0.1 %. For 
2502 

a gain of 100, however, the error becomes 

2500 1 _ -- , or almost 4%. (A gain-cor-
2601 

recting resistor is automatically shunted 
across Z, in the 0-Unit when the internal 
Z, resistor is set to 10 k and Z, to 0.5 or 
1.0 meg. 

Using external components, similar pre
cautions should be observed when high 
gain is required). 

Approximate Error Calculation Using C 
for Z, or Z,. 

Since it is not easy to assign a single 
impedance value in the error formula for 
Z, or Z, when one of them is a capacitor, 
it is convenient to use the ratio Eout/E,n, 
representing the actually obtained voltage 
gain, to compute the approximate error. The 
error e is found by this formula : 

ply, E 

1 -[ 

Eout A 
E,n - J , or, more s1m-

l - A 

Eout 

E,n , where A, as be
-~1--~A~-

fore, is the open-loop gain, and Eou,/E,n 
is the actually obtained voltage gain (Don't 
forget - both A and Eout/E,n are negative 
numbers). Example: where A is -1000 
and the observed Eout/Ein is -50, the error 
has been 51/1001 or 5.095%. The output 
"-50" represents, then, 94.905% of the 
correct value, and the correct value is -50/ 
0.94905, or almost -52.7. 

For convenience, you may want to re
arrange the terms as shown below, to de
termine how large an output signal to allow, 
for a given input and an arbitrarily selected 
maximum error : 

Max Eout = l _ e (1 A) 
E,n 

Using the Tektronix Type O Operational 
Amplifier for integration, for instance, to 
keep error due to amplifier gain below I%, 
the output voltage during or at the end of 
the integrating interval should not exceed 
the average value of the signal being. inte
grated by more than a factor of 1 - ( .01 x 
2501), or -24, for low frequencies. The 
same limitation should be observed during 
differentiation. 

6 

The mm1mum open loop gain required 
by an operational amplifier to operate within 
a given error even at "zero" Z,/Z, is 

A _(_, ___ l_) , where , is the error ex-

pressed as a decimal fraction (.01 = 1 %, 
0.1 = 10%, etc.). 

Where Z,/Z, is a finite number, the min
imum open-loop gain required for a given 
maximum error is : 

A = (e - 1) (1 + Z,/Z,) 
E 

The application of these formulas will be 
most useful in observing gain-bandwidth 
limitations, discussed below. 

2A. Gain-Bandwidth Product: 

The gain-factor A varies with frequency, 
and it's important to know what the ef
fective value of A is for the frequencies 
or signal frequency components being used. 
In the Type 0, the gain factor A is con
stant ( -2500) only to about 1 kc, drop
ping off to -1000 at about 15 kc, and 
reaching a value of -1 at approximately 
15 Mc. 

The error introduced by the gain factor, 
then, becomes greater with frequency, and 
for accurate measurements the allowable 
ratio of Eout to E,. must be reduced as 
higher-frequency information is processed. 

Although the drop in gain at high fre
quencies in the open-loop bandwidth char
acteristic follows the same pattern as that 
of an integrator, it must be remembered 
that this response is obtained without input 
and feedback elements. The effect of this 
rolloff will add to the effect of the inte
grating components, altering their effect. 

At a frequency approximately 1/10 of the 
open-loop gain-bandwidth product, the open
loop gain will be insufficient ( on the order 
of 10 or so) to provide accuracy better than 
9% even at "zero" closed loop gain, or 
16.7% when Z,/Z, is l, (i.e., Eout ~ E,n). 
Above 1/10 of the open-loop gain-bandwidth 
product, answers will be only approximate, 
although the data will be useful for fre
quencies as high as 1/3 of the open-loop 
gain-bandwidth product. For high-frequen
cy work, then, the nominal values of Z, 
and Z, are usually trimmed to compensate 
for gain-factor error and improve functional 
accuracy. 

-10»-!-----------:-,,,£:::::..-----1-1000 
-.§oo-1-----------C....-----ts .. 
- .?.09 ~-----~-=---------+••· 
-100 Jtx) 

-s _., 
-I+--=~,---,-.--..,....-.-,,,-~-.,.,-.,,..-.-_._, 

.1a@ ~ UI: a e.s t,..s,- 3 S 'i)u&!u &o So go /00_,Nfft:I. 

Figure 10 (o) 

Variation in op.,n-loop gain after applica
tion of signal, for 0-Unil. 
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2B. Gain-versus-Time Factor - Complex 
Waveshapes: 

In working with pulse and complex wave
forms, open-loop gain in terms of frequency 
is not too useful. Instead, the open-loop 
risetime characteristic, Figure 10 (a), may 
be used to determine the time after the 
start of a signal at which the A-factor has 
reached a sufficiently high level to permit 
the desired accuracy. 
Figure 10 (b) shows the A-factor required 
to support a given accuracy at a given at
tempted or "virtual" gain ( Z,/Z,). 

/8 ,o• 
Seoo f:,"m~/: ----- z= 

/o't:, ,., OPEN 
% LOOP 

ERROR ,~ GAIN 
5% A , so 

~~i 
,. 

e% '" 5 

/% 

Figure 10 (b) 

Nomograph for determining A-FACTOR, 
ERROR and Zr/Z;. Given any two factors, 
the third may be found. (Lay straightedge 
across chart.) 

"Virtual gain" (roughly, Eou,/E,n) in the 
case of integration or differentiation is the 
ratio between the RC time constant chosen 
and the time interval involved in the opera
tion. 

In the case of integration, virtual gain Gv 

-t 
will be Gv = RC , where t is the inte-

grating interval - i.e., that span of time 
during which the integral continues to in
crease. The larger the values of integrating 
components, the smaller the virtual gain. 

In the case of differentiation, the virtual 

. -RC 
gain will be : Gv = -- , where 1s 

t 

that span of time during which the input 
signal has its steepest slope. The larger the 
values of differentiating components, the 
higher the virtual gain. 

As can be seen from Figure 10 (b), hold
ing virtual gain to a value of one or so 
is a good general rule of thumb for ac
curate measurements. 

NOTE: It should be kepi in mind that 
the values of the internal 10 pf and 100 pf 
Z, and Z; components of the 0-Unit hove 
been adjusted under dynamic conditions, 
to compensate partially far the lime-depend
ent errors indicated in Figure 10 (a). For 

greatest measurement accuracy, standard 
waveforms involving a similar time interval 
and virtual gain as the signal ta be meas
ured should be used to determine the proba
ble measurement error, or to trim the values 
of external components lo provide direct 
readings far the particular waveform to be 
measured (comparison method). However, 
correction af this sort can be optimized far 
only a limited range of waveforms, and 
cannot extend the operating range of the 
system indefinitely. 
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3. Grid Current: 

During integration, any grid-current flow
ing in the -input will be integrated along 
with the current through E,., except when 
this current is bucked out through a DC 
path from output to input (in the Type 0 
Unit, "Integrator LF Reject" circuits are 
provided for this purpose). 

The amount of grid-ctfrrent flowing in 
the -input circuit may be determined by 
switching out any "LF Reject" circuit 
and measuring the length of time it takes 
the output signal to rise or fall 1 v with a 
capacitor as Z, (no signal input). The 
grid current I" is found by the formula 

I"= 
C 

where t is the time (in sec-

ands) required for the output to move one 
volt. A grid current ( electron current) 
at the -input of 300 picoamp is normal. 

It is not usually practical to try to ad
just a wide band operational amplifier for 
"zero" input current, since this condition 
is not as stable as is a fixed value of 
grid-current appropriate to the input tube 
type and amplifier design. In low-frequency 
operational amplifiers using electrometer 
tubes as input elements, extremely low 
values of input grid current can be obtained 
with good stability. In wide-band units, 
higher values must be tolerated. 

Once the grid current has been set to a 
known value, its effect on a given integrat
ing operation can be computed. So long as 
the value of I. is very small compared to 
the average value of the current through 
Z, during the integrating interval, the ef
fect of I, can he largely ignored. 

4. Output Curr ~nt und Voltage Limits: 

Any operational amplifier is limited in 
the amount of current and voltage it can 
deliver to its feedback network and any 
external load with good linearity. If these 
limits are exceeded during any part of an 

Input 

R ;::.1 1 □ 90 
C~ lElpf 

Figure 11 

Operational amplifier connected as gain
of-one, non-inverting amplifier to drive low

input-impedance differentiator from high im

pedance signal source. If output current 
capability is 5 ma {as in the 0-Unit}, driver 

amplifier will reproduce faithfully an input 

rate-of-change as high as 0.5 v/µsec into 
0.01 µf, several orders of magnitude in ex

cess of the amount necessary to obtain usable 
output from the differentiator. Component R, 
combines with the input C of the first opera

tional amplifier to compensate its response 

in this mode. R, limits the current to the 

second operational amplifier to prevent over

driving, and reduces noise components possi

bly introduced by first amplifier. 
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operation, the accuracy of that part of the 
operation, at least, will be impaired. 

In the case of the Type O Unit, maxi
mum output is ± SO v and ± S ma. At high 
speeds, the maximum rate-of-change at the 
output will be limited by the available cur
rent, and should not exceed 20 v per µsec, 
when loaded by the 0-Unit's oscilloscope 
preamplifier ( 47 pf) and 10 pf of other 
loading (e.g., Z,). 

5. Input Signal Source Impedance: 

A part of Z,, the input element of the 
operational amplifier circuit, is the source 
impedance of the signal being processed. 
Linear operations using precision input and 
feedback components will be accurate only 
if the source impedance of the signal is very 
small compared to the impedance of the in
put component, or the value of the input 
or feedback component is trimmed to allow 
for the impedance of the signal source. 

Where trimming of components is not 
practical, or the signal source impedance is 
not resistive and linear, the usual practice is 
to process the signal first through a gain-of
one, high input-impedance, low-output-imped
ance amplifier, such as that shown in Fig
ure 11, to obtain a low-impedance signal 
source for the desired operation. In the case 
shown, the output impedance of the first 
amplifier is too low, making it capable of 
overdriving the second. A current-limiting 
resistor helps keep down noise as well as 
prevent overdriving. 

Shunt Impedance Across -Input 

Though we tend to think of the -input 
or -grid as a "virtual ground", and that 
impedances between this point and ground 
will have a negligible effect on the per
formance of the operational amplifier, this 
is only partially true. The true impedance 
of this point is Z,/1 - A, and that instead 
of holding a perfect voltage null (as would 
be the case if A were infinite), its voltage 
excursions actually amount to Eout/ A. 

So long as A is large and Z, has a fairly 
low value, an impedance across the -input 
which is large compared to Z, or Z, will 
have little effect on performance. However, 
in high-frequency work, where the effective 
value of A is low, more and more car_e must 
be exercised to assure that shunt impedances 
- particularly capacitive reactance, which 
becomes lower with increasing frequency -
do not interfere with the operation (Figure 
12). 

_ _._ .. 

Figure 12 {a) 

Shunt Impedance across -input. Where Z, 
is large compared to Z; and z,, and open

loop gain A is high, effect of Z, is negligi

ble. 
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Figure 12 {b) 

Where Zi or Zf is a resistor, and particu

larly if a large { > 100 k) value, more serious 

errors may be caused by capacitance from 

the resistor body {highest impedance point) 
to ground, and, in the case of R; during 

integration, end-to-end capacitance of R;. 
Time constants involved in shunt capacitance 

Cr, and (;, are approximately RC/4. 

The general expression for the closed 
loop gain of an operational amplifier 

Eout 

Ein -;~' [A - t_ ~J 
Z, 

may be 

modified as follows to show the effect of 
shunt impedance Z, across the -grid: 

= -Z, [ 
Z, A - 1 

A 
z, 
z, 

z,] 
Z, 

keeping in mind that A is a negative num
ber. As you ca,n see, unless Z, is very high 
compared -to Z,, its effect on accuracy may 
become comparable to that of Z,/Z,. 

The terms in the above equation can be 
rearranged to show the effect of Z, as 
related to Z, : 

4 c· t. 2 )] 

Correcting For The Effects of Stray C 

In high-speed work, the accuracy of oper
ations will be affected by Cs during the 
start of an operation when the effective 
value of A is low, and also by the end-to
end and distributed capacitance to ground 
of the resistors used for Z, and Z, (Figure 
12b). 

To correct for strays and the variation 
in A, the 100 pf and 10 pf values of Z, 
and Z, in the Type O operational ampli
fiers are factory adjusted under dynamic 
conditions, and no external compensation 
of these components is generally required. 
If it is intended to use values in this range 
externally, they should be padded or trimmed 
as necessary under conditions similar to 
those of the contemplated measurements. 

The resistors used as Z, and Z,, however, 
can be given only partial compensation in
ternally, since the optimum value of com
pensation varies with the application. For 
this reason, it is usually necessary in deal
ing with short-duration or high-frequency 
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Input 

_n_ 

(a) Wideband Amplifier 

Correction for Stray Capacitance 

Input 

_/\_ 

8 

( b) Compensated Differentiator 

-dE;nC; 
E0 max limited to ---- (approx.) 

C2 

figure 13 

Tn::msient Response 

Under compensaiion 

C, too large or C 1 too small 

Correct compensation 

Over compensation 

C1 too large or C1 too small 

Response 

Under compensation 

Correct compensation 

Over compensajion 

C2 too large 
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Transient Response 

C" too large or R, too large 

Correct 

,, 
---...\1---
1 ,, 

R, made smaller 

(c) Integrator + error 

Direct compensation not recommended 
- see text. 

signals lo add external compensation to 
R, or R, when these components are used 
in amplification and differentiation. 

Figure 13 illustrates the corrections neces
sary to improve operational accuracy for 
each of the three basic operations. 

Note, however, that except in the case of 
straight amplification (Figure 13a), the 
compensation itself introduces possible errors 
which mus! be recognized and allowed for 
in interpretation of results. 

Compensated Amplifier 

Tn the case of amplification, selecting 
small values of capacitance ( on the order 
of 2-25 pf) for C, and C,, the closed-loop 
rise!ime can he made to approach the slope 
of the open-loop risetime (Figure 9), pro
viding a gain-bandwidth product about equal 
to the open-loop gain-bandwidth product. 
\ \'ithout compensation, the amplifier may 
typically achieve only 1/20 of this figure. 

Co111p1'nsated f)ifferentiator 

\\'ithout compensation, the differentiator 
( Figure 13h) may respond to a sudden 
change in dE,,,/clt by overshoot, followed 
hy sinusoidal ringing, due to the fact that 
excess output voltage must he developed to 
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R, loo large, C, too large or -grid unshielded 

charge via R, the input capacitance and the 
distributed stray capacitance of R, itself, 
as well as provide the current needed to 
obtain a null at the -input. As soon as 
the strays are charged, however, the excess 
current through R, upsets the null, and the 
output must swing in the opposite direction 
to re-establish the null and discharge the 
capacitance associated with R, - hence the 
ringing. A small capacitance across R, 
provides the current needed to establish the 
null at the start of the waveform without 
having to develop excess voltage across R,. 

Differentiator Compensation Limits Initial 
Accuracy 

The presence of this capacitance, how
ever, limits the output voltage maximum 

to approximately After an 

abrupt change in the input waveform, then, 

l dE . II b dE'" X C w1en ,,, 1s sma , ut -- R may 
dt 

be quite large, the output voltage limita

-dE,,, C. 
tion of ----- may result 111 a signifi

C, 
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Frequency Response 

cant error. The solution in this case is 
to select a larger value of C. and smaller 
values for R, and C, (keeping the R, C. 
time constant the same) to minimize the 
error, and keep its duration as short as 
possible. 

Integrator Compensation Rarely Needed 

Failure of the integrator to start integrat
ing at the proper rate at the beginning of a 
fast-rise pulse or after a sharp step in the 
input waveform is usually due largely to the 
distributed stray capacitance to ground in 
R,. This is infrequent; more commonly the 
error is in the opposite direction because 
of excessive capacitance coupling of the in
put waveform around R, into the -grid 
directly, producing a step of approximately 

-dE,n C,n Th f" C, . e irst (-error) waveform 

in Figure 13c was obtained by deliberately 
putting a ground plane near the center of 
a 9 megohm R, and carefully shielding the 
-grid. Removing the ground plane and 
shield produced the third (+error) wave
form, using the same input signal (a rec
tangular pulse) and components. 

Normally, the "undercompensated" effect 
would only occur when R, is composed of 
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several resistors in series, or when a high
value potentiometer is used as, or in series 
with, R;. 

The solution usually is to select a smaller 
value for R; and a larger one for C,, to 
maintain the same time-constant. Normally, 
if a signal source is capable of driving a 
large value of R; with capacitive compen
sation, it is also capable of driving a smaller 
value of R; without compensation. 

Theoretically - as when a potentiometer 
is used in conjunction with R; - it is pos
sible to compensate the RC losses in R; 
by shunting R; with a series RC network 
of the proper time-constant, or by using a 
small value of R in series with C,. In 
practice, these added components usually 
add nearly as mariy stray-C problems as 
they cure, and "compensation" of this sort 
is not recommended. Compensating with 
simple capacitance across R; produces a 
"step" error at any abrupt transition, and 
usually an error of greater magnitude than 
the one to be corrected. 

If R; is a single component, an environ
mental "guard" driven by the input signal 
( e.g., a short piece of wire soldered to 
the input end of R; and dressed near the 
body of the resistor) can make some cor
rection, but its use requires more com
plete shielding of the -grid and the -grid 
end of R;. 

Using "Standard" Waveforrns For Com
parison 

The use of standard waveforms (pulses 
and ramps) with known parameters, is of 
considerable help in adjusting compensation 
and assuring best accuracy for critical meas
urements near the limits of the instrument's 
capabilities. For many purposes, such 
"standard" waveforms may be obtained by 
attenuation of the oscilloscope gate and 
sawtooth output waveforms. Selection of 
time and amplitude parameters close to 
those of waveforms to be measured will give 
best assurance against possible system errors. 

Editor's note: This concludes the article 
"Introduction to Operational Amplifiers". 
If you missed Part 1, which appeared in 
the February 1963 issue of Service Scope, 
you can obtain a copy of that issue by 
contacting your local Tektronix Field Of
fice or Field Engineer. 
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0-UN IT LF REJECT CIRCUITS 

GEOFF GASS 

7-3-63 

Additional copies of this material are not immediately 
available. The conclusions are empirical, sufficient 
for the area under discussion, but rigorous proofs are 
not provided because additional effort cannot be spared. 
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0-Unit lF Reject Circuits 

The 11lntegrator lF Reject 11 circuits in the 0-Unit are provided to extend the usefulness 
of the integrating operation a:s much as possible without the expense and complexity of 
keyed reset circuits (such as the gati,ng adapter). · 

The lf Reiect Circuits have certain I imitations, however, and some care must be exer
cised to recognize these, particularly when operating dose to them, or large errors may 
result. 

The fol lowing discussion covers these topics: 

1. Purposes of the LF Reiect Circuits: 

(a) Automatic Reset. 
(b) Limiting DC and LF Response. 
(c) limiting grid-current effects. 

2. LF Reiect Circuitry and Theory. 

(a) DC Feedback. 
(b) lag. 

3. Specific limitations of 100msec and 100µsec circuits. 

(a) Factors to consider -- Rj and DC gain, lag Time Constant, Integrating 
interval, virtual gain. 

(b) Specific limits. 
(c) Ringing, oscillation, and rep-rate effects. 
(d) O-Units S/N 814 up-= Switch must be 11off 11 when using +grid. 
(e) About the 1 µf 3 v capacitor 283-017. 

4. Selecting components for extemai LF Reject Circuits. 

(a) Selecting resistance value. 
(b) Selecting lag time-constant. 
(c) Special circuits; use of input blocking capacitors, etc. 

5. Gating Adapter (or equivalent) -- Where Required. 

6. Addendum: 

(a) Verification of LF Reject circuit performance. 
(b) Alternate rule for avoiding integration errors with lF Reject circuit. 
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1. Purposes of the LF Reject Circuit. 

(a) Automatic Reset. One of the purposes of the LF Reject circuit is in the 
integration of repeating waveforms, where the integral over only a I imited span of 
time is required. An integrator is !ike an adding machine without a mechanism to 
clear the register. Every total you obtain includes the totals of all previous measure
ments you've taken since the last time the register was cleared. The reject circuit 
operates continuously to clear the register, but slowly enough that if you run up a 
fast total, the error in that smal I amount of time can be neg I igible. 

(b) Limiting DC and LF Response. The O-Unit is capable of hand I ing quite 
short-duration events with accuracy. However, a perfect integrator (Fig. 1A) has a 
frequency response inversely proportional to frequency, rising at 6db per octave as 
you go down in frequency, reaching infinite gain at DC. In time-domain terms, this 
cal Is for infinite gain with infinitely long risetime. Neither is achievable, of course. 
All real integrators level off in frequency response at some low frequency above DC, 
and, in the time-domain, level off at some DC gain short of infinity and before the 
exoiration of infinite time. 

' ' 1000 

t {Ot, 

,o 

.... ', 
-t: 
~ tl,I 

'., 
, O<H-t---.-....---.--..,_..-T"__,'t-- ___ _ 

f,I f 10 1/>6 IICt it ,.~ ,IMC /<J 100 

Cf'S 

• I' 
#'f o K. 

Io o <> 

100 

IO 

I 

• I 

,0 I 

----'-----------'O,i>O I 
,01 l,I ,f 111 0,1 I lb I~ I 10 
i..-.-. ~s•c. - '---· 1¥,S~ c:.......J 'S-4! c., 

f({tOl.CJetilC'-I DtJM~J1',C ' 1fM€- DOMIHN 
( {1,4.N ow I OT~) (t,seTI.Nt~) 

i 
~ -~ 
\!i 

Fig. 1-A IDEAL INTEGRATOR Rand C values only shift the location of these curves, not their 
shape or slope (O-Unit I eve Is off at 2500 x gain). 
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These finite but still quite large values of low-frequency gain can be troublesome 
when working with high-frequency, short-duration phenomena. 

Example: Using the integrator with 10k and l0pf for a l00nsec time-constant, inte
grating a pulse of about 100 nsec duration and 1 volt peak amp I itude. The integrator 
response for this Rj Cf setting (see O-Unit Manual, page 2-6), rises at 6 db per octave 
down to about 1 kc, then flattens out at a gain of 2500 from about 500 cycles to DC. 
The integrator output for a l00nsec wide pulse will be l volt per 0. l 1-1v/sec input, or 
probably about a half a volt (triangular pulse) to a volt (rectangular pulse) output for 
the pulse· described. 

let 1s assume that along with our signal pulse, we have an incidental DC levei of 1 mil Ii-· 
volt and also 1 millivolt p-p of 60 cycle ripple. · 

The output of the 60 cycle ripple will be 2.5v p-p, and the 1 millivolt DC level will 
drive the trace offscreen at the rate of l0v/msec until the operational amplifier reaches 
its swing I imit. · ... 

3-25-64 TEK O IRB 



Obviously, measuring a 1/2 to 1 volt integral under these conditions would be quite 
difficult, if not impossible. 

The lF Reject circuit limits the DC response to the value Rf /Rj, where Rf is the resistance 
of the reject circuit and R1 ls the integrating resistor. low frequencies may also be atten
uated to this level or a somewhat higher level, depending on the exact circuit employed. 

(c) li_miting grid-current effects. Grid current flowing in the input grid circuit 
wil I act the same as a DC level in the input signal -- and tend to drive the trace off .. 
screen. The O-Unit 1s 300pic:o ampere gri~ current will cause a 1 f,if capacitor as Zf to 
charge at the rate of 3001-1v /sec, or a 10 pf capacitor to charge at the rote of 30 v /sec. 
The actual amount of grid current flowing is not always 300 pA; this is only a maximum 
value; the amount may vary widely with DC Balcmce and output voltage level (which is 
a reflection of 1·he input tube plate voltage and hence affects grid current). 

The LF Reject circuit will limit the output DC level change due to grid current to 
lgRf,, where Rf is the reject circuit resistance. With a typical value of 200k to 1.2M, 
the offset is only 60 to 400 µv at the output for a 300 pA grid current. 

2. lF Reject Circuitry and Theory. 

(a) DC Feedback. The ideal integrator has no DC feedback, and so has in-
finite DC gain. However, since DC is 11forever 11, it's obvious that actual DC response 
is never needed in an integrator (or a scope either, for that matter). Substantially 
uniform performance over the span of the integrating interval is all that's required of an 
integrator. Whenever the integrating interval is substantially less than the available 
linear slope on the integrator 11risetime 1' characteristic, a resistive DC feedback circuit 
(Fig. 1B) can be used to limit the long-term response which is not needed. Fig. 1B 
shows the effects in both the time and frequency domains. 
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Fig. 1-B LOW FREQUENCY RESPONSE LIMITING. Simple resistor across Cf serves to limit LF 
response and DC gain, and resets integrator by providing DC feedback path, but limits 
accuracy near RfCf turnover or time constant. For extended range, larger value resistor 
may be used. 

You will notice, however, that a simple gain-limiting circuit affects accuracy out to 
10X the RfCf turnover point, or back to a tenth of the RfCf time-constant. This is not 
too desirable, and is the reason why this type of reject circuit is not used in the Type O. 
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(b) Lag.* The technique providing the greatest amount of integrator usability 
with minimum circuit complexity is the LF Reject circuit used in the 0-Unit, employing 
.!£a, or delayed DC Feedback (akin to the delayed AGC of a radio receiver). The lag 
time-constant (see Fig. 1 C) prevents the feedback resistance from providing any signi
ficcmt amount of current to the -grid until some time after the start of the signal to be 
integrated. 

The values shown in Figure 1C are not those used in the O-Unit, but are shown only as 
examples. Also, the accuracy limitations indicated are typical only of the values shown; 

actual I imitations using O-Unit circuits are taken up later. The overshoot and ring
ing -- for instance -- occur only with certain combinations of integrating and reject 
circuit values. -· · 
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Fig. 1-C REJECT CIRCUIT WITH LAG IN DC FEEDijACK. Lag time constant of lO0ms extends 
usable range of integrator without increasing DC response. Larger values of Rand 
longer time __ constants provide greater improvement. 

The action of the lag circuit in the feedback loop does not y:ield accurately to simple 
algebraic analysis. However, a study of the action of a passive RC circuit in responding 
to the integral of a step waveform and a step-by-step approximation of the effects in the 
feedback loop will indicate the basic principles and I imitations of the lag circuit. 

We I II assume that we want to integrate a one-volt pulse over some number of m ii I iseconds, 
using a 100msec integrating time-constant of 0.1 M Zi and 1 µf Zf, and that the O-Unit's 
1 cps lF Reject circuit (Fig. 2A) is to be used to minimize drift. 

* H iro Moriyasu points out that in operational amp I ifier practice, it is usual to refer 
to all functions with reference to their effect on E0 as a function of Ein • From this 
point of view,. aH low-pass circuitry in the feedback is "lead" (differenl'iotion) 
circuitfy, since its net effect on the overall operation is to enhance high-frequency 
gain. However, for simplicity's sake, we refer here only to its effect on the feedback 
signal, and cal I it 1110911 (integration). This is just for in-house use; some care will 
have to be exercised in talking with customers on this subject. 
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Fig. 2-.A ,JOO ms' integrator whh 90ms, ~ 1 cps", lF Reject circuit and equivalent networks for 

figuring time constants. 

To analyze the operation of the circuit, we first find equivalent networks for the LF Reject 
circuit. 

First, l9oking at the de path only (imagine disconnecting the lag capacitor) we see that 
the total resistive path from output to -grid is 1 .2 M, making the de gain I imit 12 (Rf/Ri). 

Second, we determine the effective AC network for the feedback path (not including Cf). 
The lag time-constant consists of the lag capacitor and the parallel combination of the 
resistance from the lag-capacitor to the -grid and the resistance from the output to the 
lag capacitor. This comes out 92 k, which, with 11-1f, gives us about a 90 msec time 

100k 
constant. The voltage to which the capacitor charges is 100 k + 1. 1 M times the inte
grator output voltage, or .0833 E0 ., looking on this capacitor as a zero-impedance 
voltage source, the equivalent network shows it as supplying current to the -grid (which 
should be considered 011 a zero impedance point) through a 100 k resistance. So for 
every millivolt of charge on the capacitor, 10 nanoarnperns flows to the -grid. 

Fig. 2-B Waveforms: 

r 4.4V 

* 
i .6µA · 

* : 
a. True integral of 1 V x 500 ms pulse. (2V per cm) 
b. Output of integrator using ] cps lF Reject. Over first 500ms result is about 10% 

low.(2V per cm) 
c. LF-re ject circuit current to negative grid. Note lag of about 90 ms. (] µA per cm) 
d. Accumulated error. Negligible for about 200ms; 10% at 500ms; Oscillogram 

should not be scaled because of parallax and c:CJlibration error. 

Any current flowing ro the -grid null point via any path except Rj or the Cf integrating 
capc:u::itcmce, represents integration error, at least so for as the signal into Ri is concemed. 
The value of current represent the rate of error accumulation; the coulombs or ampere= 
seconds delivered represent the total error at the end of the operation. This becaomes 
evident when you remember that input c;__~rrent always equals feedback current, and the 
-grid is always at (or v~ry cio,1«1 to) ground potential. If any part of the input current 
from Rt is balcmi00d by current !l2!'.. flowing through the integrating capacitance Cf u then 
the voltage acrcm Cf will be~ at the end of the integrating .. interval. 
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The actual percentage rate of error accumulation at any time is the ratio of the current 
reaching the -grid via circuits other than Cf, to the total input current through Rj at 
that time. The accumulated error is the average error rate times the lengl'h of time it 
was al lowed to continue. 

For this reason, current reaching the -grid by m~ans of the LF Reject circuit wil I intro
duce error; the object of our lgg circuit is to delay the arrival of this error current as 
long as possible. 

The next step in understanding the lag circuit is to examine the response of a passive 
network of series R and Shµnt C to a ramp of voltage such as the first part of the integral 
of a rectangular pulse (before the reject circuit has had a chance to introduce any sig
nificcmt error). 

The response of an RC circuit to a step function is quite fomil iar, of course. The voltage 
across the capacitor rises in an exponential fashion towa,r.d the value E of the step func
tion, and its value at any time T after the step is 1-e-t/KC, or 1-1/e exp (t/RC). At 
the end of 5 time~constcmts, the value has become 1-e- 5, which for many purposes can 
be considered as equal to 1. 

The response of the same network to a continuing ramp of voltage is related. Instead 
of starting from an initial slope of E/RC and approaching the amplitude of the driving 
signal according to the exponential function, in this case the voltage across the capacitor 
starts with an initial slope of zero and approaches the slope of the driving ramp signal 
according to the exponential function. In doing so, it also approaches an instantaneous 
amplitude difference from the ramp which difference is the value reached by the ramp in 
RC seconds, and also approaches a time difference (for the same amp I itude) from the ramp 
of RC seconds - .. that is, if the driving ramp reaches 1 volt at X seconds, the charge on 
the capacitor would reach 1 volt at X + RC seconds, provided a few RC time-constants 
had elapsed between the start of the ramp and X. The expression for the amp I itude at 
time t of the output voltage of this network is t/RC-1 + e exp (-t/RC). The relationships 
are drawn to scale in Fig. 3. . 
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Getting back to our integrator circuit (Fig. 2), it might be well to note that because 
of the 12-1 ratio between the LF Reject circuit resistance and Ri, we would be able 
to integrate fairly accurately over the first l00msec integrating time-constant even if 
the 11lag 11 capacitor were open. At the end of lO0msec, the output voltage would be 
1.0 volt, and the feedback current to the -grid only 0.83µa compared to the lOiJa current 
through R1• The error rate after 100msec would be 8.3%, but the accumulated error only 
about half amount. 

E.o .o 833 f., 
" /!JOI,:, _/ 92.t:. I. J,M. 

--/(Ji)/(, /M /001< fo{l. 100 le.. ~{l. 
-(wiJ 

'::'" 

Fig. 2-A I 00 ms integrator with 90 ms etc. 
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So we may safely assume that the LF Reject circuit wi II be driven by o fairly I inear romp 
at least over the first 100 msec. Since our chart is based on lag-circuit time-constants, · 
we 111 work in terms of these: · 

In 90 msec, our one-volt pulse wi 11 produce on output integral of O. 9 volts (Ein x T/RC). 

Using the equivalent network of Fig. 2A, we determine that the log capacitor wi 11 see 
this as a ramp rising 0.083 x 0.9v or 75mv, in 90msec. From Fig. 3, we find that the 

· capacitor wi 11 charge to 36.8% of this value, or about 27-1/2 mv in the 90 msec, and 
. be delivering error current to the -grid at a rate of 27 .5 x 10-3v/100k, or 0.2751-10, for 

cm error rate of 2.75%. However, this rote hos not been maintained for the entire 90 
msec; we"7an see from Fig. 3 that the average rate hos been less than half this much. 

The actual accumulated error is the integral of the current since the start of the wave
form, and simply by counting squares on the chart, we can see that it is about 13% of 
0.75µa (0.083 x 0.9, or 75mv corresponds to the amplitude unit of Fig. 3; 75mv/100k = 
0.75µa) times 90.msec, or 13% of 67 .5 nonoompere seconds -- slightly under 9na-sec, 
or less than 1 % of the 900 no-sec delivered by Ri during this time. 

You can see the benefit of the lag circuit. Without the capacitor, accumulated error 
after 90 msec would hove been about 4% and the rate entering the second 90 msec cibout 
8%; using the shunt capacitor in the reject network, the accumulated error is less than 
1°/o and the error~ at 90msec only 2-3/4%. 

The table below shows the effects during the second, third, fourth and fifth time-constants. 
Note that after the third time-constant, the linearity of the ramp is sufficiently impaired 
that corrections must be made to al low for the effects of this curvature on the LF Reject 
circuit. Beyond about 5 lag time-constants, this method of approximation ceases to yield 
useful answers and direct analog computation (using the 0-Unit, of course!) or more 
rig,.:m:ius mathematical analysis is requited. 
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TABLE l 

Lag Time Constant 1ST 2ND 3RD 4TH 5TH 

Duration 90msec 90msec 90msec 90msec 90msec 

Ideal integrator output 900mv 900mv 900mv 900mv 900mv 

Seen by equiv .Reject ckt 75mv 75mv 75mv 75mv 75mv 

Error current to -grid .275µa 0.845µa l .54µa 2.04µa 31-10 
(at end of TC) 

THIS TC: 

Unit charge (9,0 msec x 67 .5na-sec 67 .5 no-sec 67 .5 no-sec 67 .5 no-sec 67 .5 no-sec 
75mv) 

De I ivered to -grid 13% 73% 158% 251% 350% 
(From Fig. 3) 

Charge to -grid 8.8 na-sec 49na-sec 106 no-sec 170 no-sec· 235 no-sec 

(uncorrecte'!t. 

Input charge ([R'.n dt) 900na-sec 900 no-sec 900 no-sec 900 no-sec 900 no-sec 
I 

Average error, this TC 1% 5-1/2% 12% 19% 26% 

*Correction for output error -1% -2% 

Corrected output error 1% 5-1/2% 12% 18% 24% 

TOTALS: 

Total inputchargesinceT 0 900 no-sec 1800 no-sec 2700 no-sec 3600 no-sec 4500 no-sec 

Total errorchargesinceT 0 8.8 no-sec 58 no-sec 165 na-sec 333 no-sec 548 no-sec 

Accumulated error· 1% 3-1/4% 6% 9% 12% 
since T 0 

Accumulated error if 3.7%· 7-1/2% 11-1/2% 14% 17% 
lag removed 

*Ballpark correction to allow for accumulated slope error in output. 
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SUMMARY: 

The Integrator LF Reject circuit aids integration by providing a de feedback path in the 
integrator to minimize the effects of de levels and grid-current. Because of the J.9.g_ 
time-constant, the de feedback is delayed, to postpone the arrival of error-producing 
current 5 allowing integration over .longer periods using a given integrating time-constant 
and de gain-I imit with less accumulated error. 

The effects were not exciting in the example used -- an accuracy improvement of 
3-5% net over one to 5 lag time-constants. Normally, the lF Reject circuit would not 
be used beyond one lag time-constant; the example was chosen primarily to illustrate 
the lag principle. 

Fig. 4 shows the more dramatic improvement in the case of a 1 millisecond time-constant 
and a de gain of 1.2. The 90msec log (Fig. 4B) permits accuracy within 15% after 10 
msec, while simple resistive de feedback (Fig. 4A) causes an error of 80% in half that 
interval. 

i ! I I '.I! I I l I I ! l., 

Integrating time constant= 1 ms integral 5V/cm; 5ms/cm 
of l V x 20ms pulse vertical gain of 20 

Fig. 4-A 1 .2 M resistor used to limit DC gain to x 1.2 Upper trace: True integral (resistor 
removed). lower trace: Output of 111integrator 11 • Error is 95°/o after 20ms. 

, O OP 

5 V/cm; 5 ms/cm 

Fig. 4-B l cps lF Reject circuit. Upper waveform: True integral. lower trace: Output of 
"integrator-'. Error is 42% after 20ms, but negligible ( <2%) below 5ms. 
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it should be kept in mind that the integration of rectang1Jlor pulses represents a special 
(though typical) case, and the performance of the lag circuit will •,1ory with different 
types of waveforms to be integrated. 

In general, best performance will be obtained integrating waveforms which build up 
sdowly to a maximum value and decay rapidly; poorest performance for waveforms which 
reach a peak rapidly and then decay slowly, particularly if the integrating interval repre
sents a significiJnt part of the lag time-constant. 

it should also be kept in mind that our discussion has had primarily to do with ~~ingle shot 
phenomena! or, if repel·itive, of such low duty-cycle that the LF Reject circuits have 
had sufficient time (i.e., 5 to 10 RfC'f time-constants) between repetitions to reach zero= 
signal equilibrium ("initial conditions") again. Special problems arising from certain 
signal repetition-rntes are di£cussed below. 

3. Specific limitations of 100msec and 1001-1sec Circuits (O-Unit). 

(a) Factors to Com,ider: Ri and DC Gain, Lag Time-Constant, lntegral"ing 
Interval, Virtual Gain o , 

The four fodors listed above al I affect the performance of an integrator used with an LF 
Reject circuit. The integrating time-constant i:ii implicit in these terms, it being the 
integrating interval divided by virtual gain. 

Figure 5 shows the configuration of the two lF Reject cin::::u!ts used in the O-Unit; they 
may generally be referred to 4lS 11100msec 11 and 111001,,1sec11 time-constants; the tolernnce 
on the 1 µf capacitor being -0, ·HOO% and the other components 10% (Resistors) and 
20% (the .00221,1f capacitor). 

In gener11JI; greated integratkm accurac'y is obtained by keeping virtual gain low com= 
pared to DC gainu and the integrating interval ihort compared with the log time-constant" 

(a) 1 cps LF Reject 
Rf=R1+R2= 1.2M lag 

T!me constmit""' R] R2C1 /(Rl + R.2) 

=92ms + 110%, -10% 
DC gain~ 1.2 M/R 

Fig. 5 0-Unit lF Reiect CircuHs 
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(b) 1 kc LF Reject 

Rf ;a:, R 1 + R2 = 200k 
Lag time minus c:onstcmt 
R l R2 C 1/ (R 1 + R2) =< l ll µs ±30% 
DC gain: 200k/R 

11 
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(b) Specific Limits. The integrating interval may be allowed to approach the 
lag time-constant if the virtual gain (integrating interval + RjCf) is kept less than the 
DC gain (Rf/Ri). 

When the virtual gain is equal to the DC gain and the integrating interval equal to the 
lag time-constant, the output error will be in excess of 10% and will increase rapidly 
with any extension of the integrating interval. 

For a given LF Reject circuit, integrat'ing interval and selection of integrating compo= 
nents, it is possible to compute a ballpark error figure. Since the error function is not 
linear, though, it 1s easiest to approximate the probable error for the typical case by 
this formula: 

B TL x 100%, where B is taken from Table 2 below, TL is the lag time
RfCf 

constant, and Rf is the resistance of the LF Reject circuit. 

For the O-Unit's 1 cps (100msec) circuitf Rf is l.2M; for the 1 kc (100µsec) circuit, Rf 
is 200 k. 

Integrating I nterva I 
Lag Time-Constant 

0. 1 TC 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1. 1 
1.5 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 
N (>10) 

TABLE 2 

B (Basic: error factor) 

.002 

.0075 

.016 

.026 

.037 

.052 

.07 

.09 
• 1 l 
• 1325 
• 157 
.375 
.43 
.84 

1.25 
1.7 
2. 15 
2.65 
3. 1 
3.6 
4. 1 

4. 1 + 0. 5 ( N - 10) 

Since the formula does not take .into account the fact that the reduced output due to 
the error tends to reduce the actual error, it becomes progressively inaccurate for 
indicated errors of over 20% or so. 

The limitations covered above wi 11 be in addition to the errors due to Ri and Cf compo
nent tolerances, stray coupling, and the effect of the A-factor, which last will intro
duce 1 % error at a virtual gain of 24 unless corrected for. 
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(c) Ringing and Rep-Rate Effects. The delayed low~frequency feedback, which 
enhanced operational occurocy during the star!' of rhe integrntion, was only delayed, 
not destroyed. 

A'!i, the integrating interval appnnches the voiue ; ·vTi.TR,~ (for the integral of a sl'ep), 

the error current through the LF Reject circuit will iust equal input signal current,, and 
the integral wiH stop increasing and :;tart ki decrease. The error current, because of 
the lag, is still increosin g however, and becomes 29sHive feedback momentarily. De-

. pending on the rl:'!set an log time-constants, this positive fe,adback may cause the reset 
to overshoot, and then overshoot again in recovering from the initial overshoot (ringing). 

The ringing frequency (which will be noted as a r~so11.:inc~ in using sinewaves) wi 11 be 
l t, 

approximately 211~ ·, The frequency b actually 11exe1ctly 11 thiz amount., but com

ponent tolerances ore so great th,,!' considerable deviation will be noted in actual units. 

The Q of this ringing will be affected by both the ratio bet·ween TL and TR and by the 
value of Ri used. Table 3 shows t)'pical figures for 0-Un:t LF Reject ringing character•
istics. Note that" when TR approaches or exceeds rhe value of TL, ringing disappears, 
since the amount of charge in the lag capacitor becomes much less than that in 1'he inhl!= 
graHng capacitor, and c:am1ot drive the integrating capacitor very far in the way of 
overshoot. 

The ringing is always damped when the internal LF Reject and integrating component:; are 
used. However, continuous ringing (oscillation) will be sush:iined whenever the input 
signal slope is in phase with the slope of a ring cycle from a previous signal. This creates 
not only annoying instabilities in th€ waveform level (vertical iitter) but may cause 
severe inaccuracies in the reading of any integral taken during the ringing period. Fig. 
6 (AC integration of cal waveform fol lowing integration of rJ step) shows the effect. 
Whiie it 1s· obvious in i'he 10 msec/cm picture whoi 1s happening, ii· would be far from 
obvious at a faster sweep and with unknown, irregular waveforms (it's not often that the 
user is taking the integral of anything so simple and predidabl~ as a cal waveforrn) o 

Fig. 6 lf-Reject ringing effect on later integrals. This fa typical of an erro1° thai· could be 
introduced by a large puls~ preceding the waveform to be in·tegrated. 10ms/cm; 
.0001 IJf g 1 cps reject. -

The same sort of trap may be encountered when inadvertently using the LF Reject circuit 
and the goring adapter at the S{.!me time© If the lloff11 time of the gate is not lo.ng enough 
to discharge the lag c·opacitor fully, the remaining cha_rg~ c~n i~tr?duce error mto a 
subsequent 11gated 11 integral. It is rare that use of (I re1e,::, c1rcu1t 1s necessary when 
using the gating adapt~r. 

*Where TL is i·he lag time-constant and TR h, the re;;~;, i'ime-constc-nt -- the resiston\'.:e of 
the LF Reject circuit and th~ integrating capacitor Cf. 
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TABLE 3 

LF REJECT RINGING DATA 

Zf z. Ring Starts Frequency Decay Notes 
I 

After (Nominal) Time (to 10%) 

1 CPS Lf REJECT 

1 1,,1f Any (No ringing) 

o. 1 µf 400msec (Reset overshoot only) 

.011-1f Any 55msec 4.6cps 700msec 

.0011-'f 1M 17 .5 msec 14.5 cps 500msec 

10k 17.5msec 14.5cps 300msec 

.00011-1f lM 5.5 msec 46cps 160msec 

10k 5.5msec 46cps 30msec Very 60 cps sensi!'ive 

10pf 1M 1.75msec ]45cps 20msec Very 60 cps i;ensitlve 

100k-10k 1.75msec 145cps 10msec 

1 KC LF REJECT 
(No ringing 11-1f to .001 1-4f) 

.00011-1f Any 751-4sec 3.4kc 5001,Asec 

10pf 1M 201-1sec 11 kc 400µsec 

100k-10k 201:,1sec 11 kc 3001-1sec 

(d) O-Units S/N 814 up -- LF Reject Switch Must Be 11Off 11 When Using the 
+Grid. In order to maintain exactly the same capacitance between the output and 
the -grid in al I positions of the LF Reject switch (a 3 pf change produced up to 30% 
integration error in the 11off 11 position using Cf= 10pf in S/N 1s 101-813), it was 
necessary to modify the O-Unit to leave half the "LF Reject" circuit hanging across 
the -grid in al I the 11R11, 11C 11 and 11Ext11 positions of the Zf selector switch, except 
when the LF Reject switch is set to 11off 11 • 

Since the LF Reiect capacitors are isolated from the -grid by 100k, and the -grid 
appears in most operations as a very low impedance, the R and C hanging across the 
grid do not have any appreciable effect. 

However, when the +grid is used, the -grid frequently is required to move as much as 
±10v, and Rand C shunting this grid will hove a definite effect on operations. So 
whenever the +grid is used, be. sure the LF Reject switch is set to 11off 11 (exception: 
when the output is stropped directly to the -grid for a X 1 non-inverting amplifier, 
this precaution is unnecessary). 
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(e) About the I µf 3v capacitor 283-017:- It may :;eem strange that a capacii"or 
rated at 3 v is used in g circuit ·..vhich theoretical !y c,m ~wing ::!--50 v. However, thi:'i is 
an unusual capacitor, and the actual voltage across l1" never exceeds about '.:L85vo 

The reason is leakage. The 50v that might be imprnssed across this capacitor is isolated 
by l, 1 M. The specification for this t:apaci'i-Dr is 25k (min) leakage at 1.5v, and 4k 
at 3v DC. The unusual dieleciric used in this capacitor increases leakage so rapidly 
with increasing voltage thal· no mnoun!" of voltage whkh i+,a O~Unit output c.::in impress 
m::ross it via 1. ! Meg ccm generate mc,re than 2.85v dropo Typical leakage is on the 
order of 200-500 k at l, • 5 v and 50 k at 2- i/2 v. The :;hunt leakage w i ! i eouse an .l!l
~ in DC 91Jin for large excursions, :,ince much of the DC feedback is shunted ro 
ground. 

The capacitor also has cm unuwol voltage coeffidenl·; typical I~,, -10% per volt. As 
more voltage is impresssd e1cros~ it, its capocitcmce drops radically. For this n,iason1 

the behavior of the l cps rl:'ljact circuit will vary scmewhcit with signal and DC voltage 
!ev~ls, duf; not only to the ini::rnased leakage (which tends i'o shorten its time-constant) 
but lower lag capacitance os well, 

4. Sele-cting Components for External LF Reject CircL,ifs. 

The values provided by the O-Unit 's two reject cin::ults meiy f!oi· be Qptimum for some 
applications; some suggestions follo'tv for the selection to>P t:1Lternate v¢llues. 

(a) Selecting Resistance Vcilues: 

(1) Total Resistance: The total resistance from the output to the -grid 
!.eb the available DC gain rmd 1::ilso the rei;~t time-conr.tant. For greatest single-shot 
accuracy, the resistance should be lc.rge compared to Ri. For fast r1£:oet, for handling 
repetitive signals, the valiJe mu!it be made smol ler" 

(2) Isolation: To prevent the lag capacitor from !oadin!;,:J down the -grid 
or the output, at least 10k sholJ!d isolate the copocitor from the ,,utput, and, if 
possible, 100 k isolate the capacitor from the -grid" ,A smal 1.!r isolation from the -grid 
is permissible if the Rt rn;"iistor i!ii small (<lOOk). 

(b) Selecting the Lag Time-Const,ant" Using the table and formula on page 8, 
a lag time-constant cm, be :;elected to provide the desired degree of accuracy for a 
given value of Cf, Rf and integ1·otin9 interval. ThG lag time constcmt is 

Rf I Rf2CL 
R . R~ J where Rf. is the re!listance to i-he -grid from the lag capacitor and Rf2 is the 
f 1 .-. i·2 I 

r,cj;i;istance to the lag ccir::acitor from the output. Rf·j + Rf') add up to the total Rf resistance 
selected in (a) (1) and {2) above. • 

The ringing frequency and ringing-start point con be determined from the formulae on 
page 9, though if th~ lag time-cons~·ant is close to the v,::ilua of the reset time-constant, 
ringing will probably be negligible, If a proper compromise ccmnot be reached, ::;ee 
(c) next page. 

TEK O IRB 3-25-64 15 



(c) Special Circuits; Use of Input Blocking Capacitors, .etc. 

(1) Relay Circuit. Relays generally cannot be made to operate fost enough 
to be used as reset devices over a wide range, as can be the gating adapter. However f 

an LF Reject circuit operating in conjunction with a disabling relay can somel'imes be 
used to good advantage. Such a circuit, using a fast-acting reed relay, is shown in 
Fig. 7. The reset circuit is operative only during the period between sweeps; the lag is 
only operative during the interval between the start of the sweep and the time the relay 
finally doses. The closure of the relay disables the entire reject circuit and discharges 
the log capacitor, allowing the integrating interval to be as long as desired without 
error-signal interference, since~ of the output· current reaches the -grid except via 
Cf. The reed relay can be operated at repetition rates as high as several kc, covering 
most mid-range sweep rates. 

(2) Input Blocking Capacitor: A capacitor may be placed ahead of Ri to 
block ant DC signal component. Where this is done, swamping resistors to ground :should 
be used (fig. 8) to nullify any capacitor leakage, and the capacitor value should be 
much larger than Cf, since the RiCi time-constant wi 11 have the same effect on low
frequency accuracy as the RfCf time-constant encountered in shunting Cf to limit DC 
gain (Fig. 1 B). Use of an input blocking capacitor alone is not generally recommended, 
since it does not limit drift due to grid-current. · 

Cr 

Fig. 7 Reed Relay (Sw-1) used to disable LF 
Reiect circuit after start of sweep.Rf] 
and Rf2 should be of low enough value 
to discharge Cf between sweep. lag 
time-constant should hold error to de-
sired minimum between sweep start and 
relay closure. 

Fig. 8 Use of input blocking capacitor to 
block signal DC level. Cj shou 
much larger than Cf. Resistors to 
ground prevent capacitor 
(>>1 MQ) from affecting answer. 
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(3) AC Integration Using Blocking Capw::itor Inside the Feedback Loop. 
An interesting ali-ernative to 'i"he delayed DC feedback used in tha LF Reject circuits is 
the circuit of Fig, 9. The blocking capacitor i!l put inside the feedback loop and a 
large value rnsisi·or used for grid-curren!- rejection, DC response of the circuit is now 
zern. The circuit behaves ·1ery similarly to the LF Reject circuit, and offers no unique 
m:!vcmtage be)lond its greater DC oe jectimi. 

/OK 
IK 

,ov RJ'+ ~ 1~),•-U" 

I lj i', c!> •:,_ z ·;:v M.s.ic.' 

I {}tl,,~.y --~l,1<1>:< 11~,,-•-1 b,;,. .,~ 
,J. I / ll~e;;\ -- ,r,( '"""""', / 

,{H "--=-=----~-- ___ L ,~·----
. ~-i()I I #fj ,~, ttc jf) fl)/); 1-,,'-10~.,,., ,/)! .f P IO ;/),; I 

1µse~ 

/ ,, 

Alternate scheme for AC integration. Capacit?r Cb blocks DC signal components" Resistor 
Rb prevents intewation of grid current. Rb Cb>> Rj Cf. Ring frequency is 1/(211'v'filbL 
and s·tarts at 1T /(2 ~/JTib) forshap. Ti is Ri Cf, Tb is Rb Cb" Circuit has advantages of 
zero gain at DC. 

5. Gating Adapter. 

Although this WO$ not intended ~!i a pitch for g,:iting adapte::ir!i (Tek No. 013-068); these -
or their equivalent -- ©lr® the appropriate answ~r whenever the following problems are 
beyond the means of lF Reject circuits to cope with:. 

(a) Very lone integrating inter\fals with high values of Ri. 

(b) Signal rep-rates likely to interfere with the reset-recovery characteristics 
of the lag circuits. 

(c) Very rapid (fJsec) rnfliet ,, 

(d) Integration of only o small part of a waveform. 

(e) lni'e9ration of .:J waveform preceded by c i•rli.1nzlent which would 10ring 11 the 
lag drcuit. 
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6. Addendum 

(a) Verification of LF Reject Circuit Performance. Neither ·the foc;tory cal 
procedure nor the manual cal procedure at the present writing actually checks out the 
proper performance of the O-Unit 1s LF Reject circuits. 

This can done by checking to see that the circuits ring at approximately the right 
frequency under specified conditions, or by following the procedure bek,w, which fits 
in better.with the equipment on hand during regular calibration. 

Equipment required: 

Type 105 
50Q 10-1 T 
50Q Termination 
O-Unit AC Coupler (Available from FMS, or see FCP for details). 
UHF-BNC Adapters (depending on S/N 1s and hardware). 

Initial Setup: 

O-Unit Preamp: 100mv/cm, A ,:_ or B -. 
Operational Amplifier A or B: Zi 1 M; Zf 1 M; LF Reject 1 cps. 

Apply 50 cps (exactly) from 105 to operational amplifier input via 50Q T and termination 
and O-Unit AC-coupler. 

Adjust 105 for iust 400 mv (4 cm) display; adjust for best symmetr~,. 

Set O-Unit preamp for 0.5v/cm. · 

Switch Zf to .001 µf. You should obtain just 2.0v p-p of triangle waves, with no appre
ciable curvature. You may obtain just slightly more. If you obtain substantially less 
than 4 cm, the lF Reiect circuit is defective. If you obtain about 0.5 cm, the 1 µf lag 
capacitor is open. · 

Return Zf to 1 M and set 105 to 10. 0 kc. Recheck symmetry and amp I itude (400 mv) 
at 100mv/cm. 

Switch lf Reject to 1 kc and Zf to .0001 µf. Set preamp to .05v /cm. You should ob
tain 100 mv (2 .0 cm) of triangle waves, again with I ittle if any visible curvature. Them 
will be a small amount of spike feedthrough, making the p-p slightly more them 2.0cm. 
If the output is as low as 40mv, the .0022µf lag capacitor is open. 

(b) Alternate Rule for Avoiding lF Reject Errors 

A fairly good formula to use in holding errors due to the lF Reject circuit action to a 
minimum is related to the ringing period. As you noticed, in the integration of a step 1 

n' 
the integrator output stops rising at T i/TlTR, and error at this point is tY,pically about 
40%. 
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The expres!iion JTLTR, when restated in terms of components, reduces to JR~ Rf2CLCff 

where Rf 1 and Rf2 are the two components of the total feedback resistance, CL is the !,Jg 

capacitor, and Cf is the integrating capacitor. 

For cm integrating interval of 'IIRf1Rf2:CLCf seconds; ewror Is about 20%. For 0.6 ~ff 

it 1s about 10%; for 0.3 ,Jr~f1Rf2CtCfu 3% or so, 

So keeping the integmting interval below 0.3 {Rf 1Rf.,CLCf l$ !Ci good rule of thumb for 
avoiding errors due to the LF Reject circuii•, c:, 
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General Information 

The Type O Plug-In Unit is a very versatile device. The 
number of applications for the unit is limited only by the 
imagination of the user. To realize the full potentialities of 
the unit, it is important for you to understand the operation 
and function of each control. Much of this understanding 
will come only as the result of actual use. This section pro
vides the basic information you will require. 

Typical application examples are included in this section 
of the manual to aid you in becoming acquainted with the 
unit. These examples provide set-up instructions for integra
tion, differentiation, and amplification. 

Connecting The Plug-In Unit To The Oscilloscope 

The Type O Unit can be used with any of the Tektronix 
Type 530-, 540-, 550-, or 580-Series Oscilloscopes. In the 
Type 530-, 540-, or 550-Series Oscilloscopes, the plug-in 
unit need only be inserted in the plug-in compartment of the 

Series Oscilloscope is used, the Type 81 or Type 81 A Plug-In 
Adapter must be inserted into the plug-in compartment of the 
oscilloscope ahead of the plug-in unit. The plug-in unit can 
then be inserted into the compartment of the Type 81 or 
Type 81 A. The plug-in fastener knob should be turned ~ntil 
tight to insure that the plug-in unit makes good connection 
with the oscilloscope. 

PREAMPLIFIER 

The Type O Unit contains a vertical preamplifier which 
is used in much the same manner as the preamplifiers in 
other vertical plug-in units. The preamplifier can be used 
with or without the operational amplifiers. When the 
preamplifier is used alone, input signals are connected to 
the EXT. INPUT connector on the front panel. 

The VERTICAL DISPLAY switch selects the input signal 
used by the preamplifier. Possible selections are (1) external 
signals applied to the EXT. INPUT connector, and (2) output 
of either of the operational amplifiers. The + or - sign at 
each position of the VERTICAL DISPLAY switch indicates 
whether the oscilloscope display is normal or inverted. In 
the - positions of the VERTICAL DISPLAY switch the input 
signal is inverted before being displayed. 

The preamplifier vertical deflection factor is controlled by 
the VOLTS/CM switch. Nine calibrated deflection factors 
from 0.05 to 20 volts per centimeter are provided. The 
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VARIABLE control allows uncalibrated deflection factors be
tween ranges and gives a continuous range of deflection 
factors between 0.05 and approximately 50 volts per centi
meter. With the desired signal displayed on the crt, the 
VOLTS/CM controls are adiusted to give a convenient 
amount of vertical deflection. 

External input signals to the preamplifier may be either 
ac or de coupled depending on the position of the VERTICAL 
DISPLAY switch. In many cases only the ac component of 
the input signal is of interest. In such cases, use of ac 
coupling allows the display of signal information while 
blocking the de component. Ac coupling also permits obser
vation of ac information at high sensitivities without de 
components deflecting the display off the crt. 

De coupling must be used to observe very low-frequency 
signals (the ac response is 3-db down at approximately 2 
cps). De coupling must also be used when measuring the 
de component of the input signal or making measurements 
which include the de component. 

Input signals may be displayed with or without inversion 
when using either ac or de coupling. 

Output signals from the two operational amplifiers are de 
coupled through the VERTICAL DISPLAY switch to the pre
amplifier. To ac couple the output of an operational ampli
fier, connect a short coaxial lead from the OUTPUT of the 
operational amplifier to the EXT. INPUT connector. Either 
of the AC positions of the VERTICAL DISPLAY switch can 
then be used. 

First Time Operation 

Initial operation of the Type O Unit requires that certain 
adiustments must be checked. Set both the A and B Opera
tional Amplifier Z; and Z1 controls at 1 MEG. Set the 
VERTICAL DISPLAY switch to + DC. 

After inserting the plug-in unit in the oscilloscope and 
switching on the power, wait a few minutes for the instru
ment to warm up. Adiust the oscilloscope for a free-run
ning sweep and, using the POSITION controls, position the 
trace on the crt. Set the intensity of the trace at a conven
ient level and adiust the oscilloscope FOCUS and ASTIG
MATISM controls for a sharply focused trace. 

OPERATIONAL AMPLIFIERS 

With no input signal to the operational amplifiers, the 
output de level of the amplifiers should be zero. To insure 
this condition, a check on the de level should occasionally be 
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made. The procedure is outlined in the following paragraph 
using the OUTPUT DC LEVEL switch in each amplifier. The 
OUTPUT DC LEVEL ADJ. control is used to set the output 
to zero. 

In order to set or check the output de level of the opera
tional amplifiers, it is firs.t necessary to determine the zero 
input de level of the preamplifier. To do this, set the VOLTS/ 
CM switch to .5 and press the ZERO CHECK switch. (The 
ZERO CHECK switch disconnects all signals to the preampli
fier and permits only its de level to be displayed on the crt.) 
Then use the POSITION control to position the trace to a 
convenient horizontal graticule line. The zero input de level 
of the preamplifier then corresponds to this graticule line. 

When the zero input de level line of the preamplifier has 
been determined, set the VERTICAL DISPLAY switch to A+. 
This connects the output of the A operational amplifier to the 
input of the preamplifier. Place the OUTPUT DC LEVEL 
switch in the ADJ. position and hold it there. Set the ADJ. 
control to position the trace on the crt to the zero input de 
level line previously determined. This sets the output level 
of the A operational amplifier at zero volts. When the OUT
PUT DC LEVEL switch is pressed to the ADJ. position, the 
external circuit is disconnected, the input end of the Z; com
ponent is grounded, and a gain of 100 is automatically pro
vided in the operational amplifier. The 100 X gain permits 
a more precise adjustment to be made. It is important, how
ever, to recognize that any large amount of drift and noise 
is due to the extra gain. 

Now set the VERTICAL DISPLAY switch to B+ and adjust 
the de level at the output of the B operational amplifier in 
the same manner as for the A amplifier. 

Feedback Controls 

The most basic functions of an operational amplifier are 
those of amplification by a constant, integration, and dif
ferentiation. In amplification, both the input and feedback 
impedances are normally resistors (although capacitors or 
inductors can be used). The ratio of the feedback resistor 
to the input resistor detemines the gain of the feedback 
amplifier. In integration, the feedback impedance is a capaci
tor while the input impedance is a resistor. In differentiation, 
the input impedance is a capacitor while the feedback im
pedance is a resistor. In both integration and differentiation, 
the time constant of the feedback network determines the 
characteristics of the amplifier. The basic circuits for these 
three types of operations are shown in Fig. 2-1. 

The front-panel controls labeled Z; and Z1 select the input 
and feedback impedances from several possible internal 
values. External positions for these controls also permit 
connection of desired external values to the jacks on the 
front panel of the unit. Paralleling internal components with 
external components is practical; however, it is possible to 
perform any of the following basic operations using the 
internal values supplied with the unit. 

Operational Amplifier Gain 

The gain of the operational amplifier with resistance 
input and feedback elements is the ratio of the feedback 
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la) Amplification by a.constant with polarity inversion. 

Z1 

e;n 0,________...[-1 -fP----1 R >--

(bl Differentiation 

C 
zi 

8 in eout 

R 

(cl Integration. 

Fig. 2-1. The three most basic uses of an operational amplifier. 

eo 

Fig. 2-2. Major terms used in general gain expression for an 
operational amplifier. 

resistance to the input resistance: Gain = -Ri/R;. This 
ratio is selected by means of the Z; and Z1 SELECTOR con
trols or by externally mounted components. (See Fig. 2-2) 

If the operational amplifier had infinite gain, the accuracy 
of the input and feedback resistors (to establish a given gain) 
would determine the accuracy of the gain (-Ri/Ri). How
ever, the O Unit operational amplifier open-loop gain is 
2500, not infinite, so a small error is introduced at higher 
closed-loop gain. When using internal input and feedback 
resistors, this error is internally compensated at X 50 and 
X 100 gain settings. 
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The gain of a feedback (operational) amplifier with finite 
gain may be expressed by the formula: 

eo Zt 1 

1-- 1+-
A Z; 

e; 
7 ( Z1) 

where e 0 = output voltage, e; = input voltage, Z1 = im
pedance of feedback component, Z; = impedance of input 
component, and A = amplifier open-loop gain. 

Since the first part of the formula ( - Zr/Z; ) corresponds 
to the expression for the closed-loop gain of an operational 
amplifier with infinite open-loop gain, the remainder of the 
formula is the Error Factor. 

An example of the need for gain correction due to the 
Error Factor follows: If Z; is set at .01 MEG and Z1 at 1 
MEG, the gain would be -100 if the operational amplifier 
open-loop gain were infinite. Since the open-loop gain is 
2500, the error for this example will be approximately 100/ 
2500 or 4%. 

A second example is with Z; set at .01 MEG, and Z1 set at 
.5 MEG. The gain should be -50, but the error will be 
approximately 50/2500 or 2%. 

To keep the feedback gain within the O Unit (using in
ternally selected input and feedback resistances) to a toler
ance of 3%, special precautions were taken with the Z; and 
Z1 SELECTOR switches. The 3% gain tolerance is made up 
of a 1 % limit due to the Error Factor and a 2 % limit due to 
the 1 % tolerance of the resistors. Therefore, the Z; and Z1 
switches have been wired to place a shunting resistor across 
the .01 MEG Z; resistor when the Z1 control chooses a resis
tor that will give a gain error over 1 %. 

The schematic diagrams of the Operational Amplifiers 
show the .01 MEG Z; resistors shunted with 240 k when the 
Z1 resistor is 1 MEG, and shunted with 510 k when the Z1 
resistor is .5 MEG. The Z;-Z 1 switches do not shunt the 
.01 MEG Z; resistor at any other time. 

When using external input and feedback components, it 
may be important to use the Error Factor to correct for gain 
errors. 

Closed-loop Gain-Bandwidth Characteristics of 
Operational Amplifiers 

Open- and closed-loop gain-frequency characteristics of 
the Type O Unit Operational Amplifiers are shown in Chart 
2-1. As mentioned in the Characteristics (Section 1), the 
Type O Operational Amplifiers have an open-loop gain
bandwidth product of approximately 15 me. The open-loop 
gain-frequency characteristics set a maximum theoretical 
limit for the closed-loop characteristics. When using internal 
Z; and Z1 resistors, the closed-loop bandwidth is always 
somewhat less that the theoretical limit due to wiring and 
stray capacitances. 

Average closed-loop gain frequency characteristics in 
various closed-loop gain settings are shown in Chart 2-1. 
Since the individual Z; and Z1 stray capacitances change 
with switch settings, the data presented in the chart may 
not fit all switch combinations for the same gain settings. 

@i 
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In a critical application, external capacitive compensa
tion is recommended to reduce the effect of internal stray 
capacity and extend the closed-loop bandwidth. 

Capacitive compensation is accomplished by placing ex
ternal variable capacitors across the input and output re
sistors. With the oscilloscope Amplitude Calibrator signal 
applied to the input, the capacitors may be adjusted for 
optimum flat top response while observing the output wave
form on the crt. Optimum response will be obtained when 
the time constant of the input circuit is equal to the time 
constant of the feedback circuit. Typical compensated unity
gain amplifier response is shown by the dotted line in Chart 
2-1. 

Sample Amplification Setup 

1. Connect the output of the oscilloscope Amplitude Cali
brator to the A INPUT connector on the front of the 0 
Unit. Adjust the calibrator for a 1-volt signal. 

2. Connect the output of the A operational amplifier to 
the preamplifier by setting the VERTICAL DISPLAY switch 
to A+. 

3. Set the +GRID SEL switch to (-). 

4. Adjust the A operational amplifier to give a gain of -1 
by setting both the Z; and Z1 controls to 1 MEG. 

5. Set the VOLTS/CM switch to .5, VARIABLE control to 
CALIBRATED. 

You should now have 2 centimeters of vertical deflection. 
Thus with 1 volt in, -1 volt out is obtained, resulting in 
a gain of -1. Note that whenever the Z; and Z1 SELECTOR 
controls are both set to the same value of resistance, a gain 
of -1 is obtained. 

Next set the VOLTS/CM switch to 5, Z; to .1 MEG, and 
Z1 to 1 MEG. The ratio of Z1 to Z; is 1/0.1 = 10, so a gain 
of -10 should be obtained. There should now be 2 centi
meters of vertical deflection. This corresponds to an output 
of 10 volts. The gain is -10 as calculated. Try other set
tings of the Z; and Z1 controls where the ratio of Z1 and Z; is 
10. You will see that in each case the gain of the ampli
fier is -10. 

Differentiation 

In differentiation, a capacitor is used as the input com
ponent while the feedback component is a resistor. It is 
similar in some respects to a simple RC differentiation cir
cuit except that the high gain of the amplifier allows dif
ferentiation to be obtained without loss of signal level. 

In differentiation, the output voltage from the operational 
amplifier is given approximately by the equation 

d 
e0 = - R1C; dt{e;) 

where e 0 is the output voltage, R1 is the feedback resis
tance, C; is the input capacitance, e; is the input voltage. 
The output voltage varies directly with the time constant and 
the rate at which the input voltage changes with respect to 
time. 
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Chart 2-1. Average closed-loop and open-loop Gain-Frequency characteristics for the operational amplifiers. 
' 

The dashed line indicates an 

example of external capacitance compensation extending the high-frequency performance. 

A good starting point is to choose a time constant equal 
to the fastest risetime of the signal you are attempting to 
differentiate. The oscilloscope calibrator has approximately 
a 1 -µ,sec risetime. Thus with the calibrator signal, an RC time 
of 1 µ,sec should be selected as a starting value. The VOLTS/ 
CM switch can then be set to permit the display to be 
viewed. If necessary, the time constant can be changed to 
permit a better display. (Normally, the smaller values of 
capacitance will produce better results.) 
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Sample Differentiation Setup 

1. Connect the oscilloscope Amplitude Calibrator to the A 
INPUT connector and adjust the calibrator for a 1-volt 
output. 

2. Set the Z; control to 10 pf and the Zt control to 0.1 MEG. 
These values produce a time constant of 1 µ,sec. 

3. Set the +GRID SEL switch to(-). 

® 
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Fig. 2-3. Differentiated oscilloscope-calibrator signal; 1-µsec/cm 
sweep rate. 

4. Set the VOLTS/CM switch to .5 and the Oscilloscope 
TIME/CM switch to 1 µ,SEC. 

The display should be a differentiated waveform, as 
shown in Fig. 2-3. 

Observe the effects of other RC combinations. It is im
portant to use the lower capacitance values in order to 
minimize circuit loading. There will be minor differences 
in the waveforms obtained with various RC combinations. 
This is true even for simple RC differentiators that produce 
the same time constant. 

Integration 

In integration, the input component is a resistor while 
the feedback component is a capacitor. This is analogous 
to the simple RC circuit. When set up for integration, the 
output /eoJ of the operational amplifier is approximately 

eo = - R;~f f i dt. 

The output voltage is inversely proportional. to the time con
stant and directly proportional to the integral of the input 
voltage. 

Sample Integration Setup 

1. Connect the oscilloscope Amplitude Calibrator to the A 
INPUT connector and adjust the calibrator for a 1-volt 
output. 

2. Set the Z; control to 1 MEG, Z1 to .001 µ,f, and the 
INTEGRATOR LF REJECT switch to 1 CPS. 

3. Set the +GRID SEL switch to (-). 

4. Set the VOLTS/CM switch to .2 and the oscilloscope 
TIME/CM switch to .5 mSEC. 

The display should be an integrated calibrator signal, as 
shown in Fig. 2-4. 

The time constant of the values chosen is 1 millisecond, 
the period of the Amplitude Calibrator waveform. Try other 
values of R and C which produce the same time constant. 
Then try other time constants to see the effect of changing 
the time constant. 

With a good integrated calibrator waveform displayed, 
set the INTEGRATOR LF REJECT switch to OFF. The oscillo
scope trace will probably deflect off the screen. If this 
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happens, it is because of de components in the input signal 
and/or inherent drift in the integrator. The 1 CPS position 
of the INTEGRATOR LF REJECT switch reduces de offset 
due to integration of low frequency signals. This allows 
normal ac components to be integrated while permitting 
the trace to remain on the screen. For signals with a sig
nificant de component, use ac coupling. A 1 KC position of 
the INTEGRATOR LF REJECT switch is also provided. The 
1 KC position permits elimination of low-frequency noise 
and power line hum pickup from integration in the medium
to high-frequency range. 

Gain-Frequency Characteristics of Differentiator 
and Integrator 

As stated in the Characteristics section, the Type 0 
Operational Amplifiers have an open-loop gain-bandwidth 
product of 15 me. This means the open-loop gain will drop 
from 2500 at low frequencies to unity at 15 me, 

It is also important to know the gain-frequency charac
teristics for both integration and differentiation. Chart 2-2 
illustrates the gain-frequency characteristics for most Z; and 
Z1 control settings for both integration and differentiation. 
This information can be used by the operator to avoid in
accurate measurements from erroneous waveforms due to 
gain-bandwidth limitations for each mode of operation. 

Output Connections 

Each of the three basic operational amplifier applications 
just described were employed by the oscilloscope crt. The 
Type O Unit front panel has two OUTPUT connectors, one 
of which is suited for coaxially connecting any application 
output signal to an external device. 

The OUTPUT terminal located to the left of the Z;-Z1 
SELECTOR switches is available for connection of external 
feedback components that can augment the internal values 
of the Z1 selector switch. This OUTPUT connector is in par
allel with the coaxial OUTPUT connector located to the 
right of the Z;-Z1 SELECTOR switches. Either of these OUT
PUT terminals can be used for external connection of one 
operational amplifier to the other operational amplifier 
INPUT. Or, the coaxial OUTPUT connector can be con
veniently used to drive a 50 n coaxial cable to a fairly 
remote system requiring the use of one of the features of an 
0 Unit operational amplifier. The output impedance is low 
enough to drive a 50 0 coax with a reasonably good im-

Fig. 2-4. Integrated oscilloscope-calibrator signal; 0.5-msec/cm 
sweep rate. 
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pedance match throughout the frequency response limits of 
the operational amplifier. 

Signal Connedion Precautions 

Certain precautions should be taken in connecting signals 
to the input of the operational amplifiers to assure good 
results. First, when dealing with low level signals it may 
frequently be necessary to use shielded leads in order to 
minimize stray pickup. This is particularly important when 
the unit is used for differentiation. High-frequency noise is 
particularly troublesome with differentiation since the out
put of the differentiator is proportional to frequency. 
Whether shielded leads are required for a particular applica
tion can usually be determined from the resulting oscillo
scope display. 

Precautions for connecting signals to the preamplifier are 
similar to those which must be observed for the operational 
amplifiers. When using only the preamplifier, avoid errors 
in readings by guarding against stray electric or magnetic 
coupling between circuits, particularly in the input signal 
leads. In general, unshielded leads of appreciable length 
are unsuited for this use. This is true even in the audio
frequency range. Shielded input cables are recommended 
for signal measurements when signals are obtained from a 
high-impedance source, or when leads are long. When 
shielded leads are used, the shields should be securely 
grounded to the chassis of both the signal source and the 
oscilloscope. 

In broadband applications, it may be necessary to ter
minate signal cables to prevent ringing and standing waves 
in the cable. The termination is generally placed at the 
oscilloscope end of the cable, although some sources also 
require a termination at the source end. 

As nearly as possible, simulate actual operating condi
tions in the equipment being tested by permitting it to work 
into a normal load. 

Consider the effect of loading upon the signal source due 
to the input circuit of the preamplifier. The input impedance 
of the preamplifier is 1 megohm to ground, paralleled by 
47 pf. With a few feet of shielded cable, the capacitance 
may well be 100 pf. Where the effects of these resistive 
and capacitive loads are not negligible, it may be necessary 
to use a probe to lessen their effect. 

Use of Prnbes with the Type O Unit 

Standard Tektronix probes can be used with the preampli
fier of the Type O Unit. When used, the probes must be 
conn~cted to the EXT. INPUT connector. 

When probes with 10 X or more attenuation are used, 
they must first be properly compensated for high-frequencies. 
This compensation is most easily accomplished using the 
oscilloscope Amplitude Calibrator signal. 

To compensate the probe, first obtain a display of the 
calibrator signal on the crt. Then adjust the probe com
pensation control for the squarest possible corners on the 
displayed waveform. This condition results when the under
shoot or overshoot has been reduced to a minimum. 
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The attenuation factor of the probe must be considered 
when measurements are made. The vertical deflection factor 
of the O Unit is effectively increased by the attenuation 
factor of the probe. When a l OX probe is used with a 
VOLTS/CM switch setting of 5, the actual deflection factor 
is 50 volts per centimeter. 

Probes reduce both capacitive and resistive loading on the 
signal source. They also permit larger signals to be dis
played than would otherwise be possible. 

Attenuator probes are not normally used with the opera
tional amplifiers, because of the variable input character
istics. A special case, however, is illustrated in Fig. 2-5. This 
application is used when it is necessary to obtain the signal 
from a high-impedance circuit and deliver it to a low-im
pedance load without attenuation. To permit the use of a 
l OX probe, the operational amplifier input must look like 
the input to the preamplifier; that is, l megohm paralleled 
by 47 pf. 

z, 

lOX Probe 

Fig. 2-5. Special case of a 1 OX probe used with an operational 
amplifier. 

Fig. 2-5. shows an internally selected Z; of 1 megohm, 
with an externally connected variable capacitor. By using 
an external feedback resistor (Z1) of l O megohms, the ampli
fier gain will be 10, although the probe attenuation of 10 
makes the overall gain unity. 

Using the oscilloscope Amplitude Calibrator, the external 
capacitor can be adjusted to compensate the system for 
optimum response (as explained earlier). 

This system now appears as a de-coupled 10-megohm 
probe, without attenuation, having a very low output im
pedance. 

The OUTPUT connector can be coaxially connected to 
an external system requiring the low output impedance probe 
just described. 

Connection of Signals to the + GRID Jack 

The + GRID jack can be used to connect signals to 
either input grid of the operational amplifiers. When the 
+ GRID SEL switch is in the (-) position, signals connected 
to the +GRID jack are applied to the -grid; when the 
+GRID SEL switch is in the (+) position, signals connected 
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to the +GRID jack are applied to the +grid. (Signals 
connected to the -GRID jack are always applied to the 
-grid, regardless of the +GRID SEL switch setting.) Signals 
applied to the -grid are inverted at the output of the ampli
fier; signals applied to the +grid are not inverted. 

When using the +grid, both grids can be active, as in a 
differential amplifier. Three ways the -grid can be con
nected (when using the +grid) are: (a) 100% feedback 
from the output to the -grid; (b) -grid grounded; and 
(c) a feedback element connected from the output to the 
-grid. Each of the three -grid circuits affects the oper
ational amplifier characteristics when driving the +grid. It 
is safe to say that when the +GRID SEL switch is at ( +), 
both the - and + grid circuits must be planned and prop
erly connected. 

Input signals applied to either grid through either the 
-GRID or +GRID jacks bypass the internal input imped
ances and are therefore not affected by settings of the Zi 
control. 

Access to the +grid increases the versatility of the Type 
0 Unit over conventional operational amplifiers and permits 
its use in certain applications where it could not otherwise 
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be used. Thus external components can be used to provide 
positive rather than negative feedback to the operational 
amplifier. Some applications for using the + grid input to 
the operational amplifiers are described in the Applications 
section of this manual. 

Connecting External Feedback Components 

It will occasionally be necessary to mount external feed
back components on the O Unit. This is necessary because 
of the limited number of components which may be mounted 
internally. A convenient means for mounting these parts is 
through the use of the adapter board received with your 
Type O Unit. The parts can easily be installed on the 
adapter board and the connectors can then be inserted in 
the jacks on the front panel of the O Unit. A shield should 
be placed over the adapter board to prevent stray signal 
pickup. The standard ¾" spacing of the jacks on the front 
panel of the O Unit also permits use of double banana plug 
connectors, such as General Radio Type 274-B. See the 
end of the Applications Section of this manual for addi
tional component mounting devices. 
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Operational Amplifiers 

An operational amplifier is a very high-gain, direct
coupled amplifier having out-of-phase input-output char
acteristics (180 ° phase shift) which permits negative feed
b?ck. Since the open-loop gain of the amplifier is very 
high, closed-loop characteristics can be controlled by feed
back components within the frequency and gain limits of the 
amplifier. (See Error Factor discussion on pages 2-3, and 
4-1.) 

The output level of the operational amplifiers is nor
mally at de ground so that two or more may be cascaded 
to perform successive operations. 

Normally, resistors and capacitors are used as input 
and feedback components. By selecting proper feedback 
networks, many operations including linear amplification by 
a constant, summation of two or more signals, and integra
tion and differentiation of voltage waveforms with respect 
to time, can be performed. 

r--, 
1----1 z, I----, 

- grid I 1- - - .J I 
I I 

e, 0- ---t z, 1---- I 
r--, !==[>1 i 
I ___ .J ---6----0 eo 

+grid I 
I 

_L_ 

Fig. 3-1. Operational amplifier symbols. 

A symbol frequently used for an amplifier is a triangle 
with the vertex pointing in the direction of signal flow 
(see Fig. 3-1). This symbol is used throughout the manual 
!o represen_t the operational amplifiers. Note that Fig. 3-1 
1s drawn with both a + grid and a - grid. Signals applied 
to t~e - grid are _inverted at the output, while signals 
applied to the + gnd arrive at the output with the same 
polarity. The - grid is normally used in an operational 
amplifier because the inverted output permits the use of 
negative feedback through the Z1 feedback components. 
When not used, the + grid is grounded and will be omitted 
from diagrams. 

® 

SECTION 3 

APPLICATIONS 

. Th_e most basic form of an operational amplifier, illustrated 
m Fig. 3-2, is a time insensitive circuit that includes both 
negative and positive feedback. While many versions of 
the basic form can be used in time insensitive circuits the 
four most common forms are: (1) an input voltage gene~ates 
an output voltage; (2) an input voltage generates an output 
current; (3) an input current generates an output voltage; 
and (4) an input current generates an output current. These 
four basic Operational Amplifiers are illustrated in Fig. 3-3, 
and various forms appear in the applications that follow. 

R, 

R, 
ez 

Fig. 3-2. Basic form of operational amplifier with both negative 
and positive active grids. 

Virtual Ground 

. T~e de level at the - grid input of an operational ampli
fier 1~ very close to ground. When an input signal is applied, 
the signal tends to move the grid away from ground. How
ev~r, the_ negative feedback from the output of the amplifier 
resists this tendency. The amount that the - grid voltage 
varies with a signal is dependent on the open-loop gain of 
the amplifier; the higher the gain, the less the - grid volt
age varies: With the high open-loop gain normally en
cou_ntered m _an operational amplifier, the - grid voltage 
vanes only slightly under closed-loop conditions. Therefore 
it is convenient to assume that for all practical purposes th~ 
- grid voltage does not change with signal. 

_Sin~e the_ - grid voltage remains essentially constant 
with input signal changes, it appears as though the - grid 
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is grounded. Thus, a virtual ground can be considered to 
exist at the - grid input. The word "virtual" is used to 
indicate that although the input of the amplifier appears to 
be grounded, it actually is not. Many equations for the 
functions performed by an operational amplifier can be 
most easily derived by use of the concept of a virtual 
ground. 

It should also be noted that since a virtual ground exists 
at the - grid, the input impedance of the amplifier is essen
tially determined by the value of the Zi component. 

Formulas and their derivation for finding the true input 
impedance at the - grid are presented in Section 4 of 
this manual. 
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TYPICAL APPLICATIONS 

The remainder of this section explains typical applications 
for the O Unit operational amplifiers. The circuit for each 
application is shown, along with a brief discussion of the 
circuit and method of use. Most circuits are typical only, 
and not necessarily the only configurations that can be 
used. Modifications of these basic circuits may be employed 
to adapt the O Unit for individual needs. 

The derivation of the equations relating to these applica
tions will be found in Section 4. Equations indicating the 
operation of a particular circuit were derived assuming 
infinite open-loop amplifier gain. In most cases this assump-
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tion is quite good and calculations will be very close to 
conditions actually obtained. In practical applications it 
may be necessary to consider several factors such as open
loop and gain-frequency characteristics, stray capacity, and 
the output impedance of the signal source. The input im
pedance of the operational amplifier is really a combination 
of the signal source impedance and the impedance selecte:J 
by the Z; control. If the output impedance of the signal 
source is low, it can usually be ignored. 

Applications Index 

1. Amplification by a Constant 

2. Integration 

3. Differentiation 

4. Summation 

5. Unity-Gain Amplifier with High Input Impedance 

6. High Input Impedance Amplifier 

7. Subtractor and/or Difference Amplifier 

8. Voltage to Current Converter 

9. Voltage to Voltage Amplifier 

10. Bandpass Amplifier 

11. Flip-Flop Multivibrator 

12. Logarithmic Amplifier 

13. Logarithmic Amplifier (fast response) 

14. Limiter Amplifier 

15. Expansion Amplifier 

16. Clipper Circuit 

17. Frequency to Voltage Converter 

18. Peak-Reading Amplifier 

19. Very Low Current Measurements 

20. Capacitance Measurements 

21. Gated Amplifier 

22. Gated Integrator 

23. Stair-step Generator 

24. Function Generator 

25. Low-Frequency Sine Wave Generator 

26. Segments Function Generator 

27. CRT Arbitrary Function Generator 

28. Displaying B-H Curves for Magnetic Materials 

Description and Additional Information 

1 . Amplification by a Constant 

This circuit is useful for providing amplification by a de
sired constant. The closed-loop gain is determined by the 
feedback components within the frequency and gain limits 
of the amplifier. Either internal or external feedback com
ponents may be used to provide the desired constant gain. 

The output of the amplifier in this configuration is inverted. 
This makes the amplifier useful as a sign changer, with or 
without amplification. Applications 5 and 6 show circuits 
which can be used if inversion of the input signal is not de
sired. 

®I 

e, 
R, 

For low frequencies 

Compensated for 

high frequencies 
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Rr 

R, 
eo == - --e, 

R, 

1. Amplification by a Constant 

The circuit can be made to provide variable gain by 
replacing the feedback resistor with a potentiometer. As 
the potentiometer setting is changed, the gain of the ampli
fier will also change. Replacing R1 with a potentiometer 
will allow the input impedance of the amplifier to remain 
essentially constant while permitting the gain to be varied. 

The fixed resistors may also be replaced by thermistors, 
photoresistors, or other variable-resistance elements. The 
gain will then be a function of the temperature, fight level, 
or other variable. 

2. Integration 

Integration of various signals can be accomplished by 
means of the Application 2 circuit. Feedback elements shown 
in the diagram may be selected from internal values or con
nected externally. The output voltage from the integrator 
is inversely proportional to the time constant of the feed
back network and directly proportional to the integral of 
the input voltage. A good starting point in any integration 
application is to make the R;Cr time constant approximately 
equal to the period of the signal to be integrated. 

This basic circuit integrates not only the ac components 
of signals, but the de components and drift as well. Inte
gration of de components or amplifier drift will cause the 
trace to gradually drift off the crt. To prevent this condition 
when integrating repetitive signals, an integration low-fre
quency reiection circuit is incorporated in each operational 
amplifier of the Type O Unit. This circuit prevents the 
integration of component signals with frequencies lower than 
approximately 1 cps or 1 kc, depending on the setting of the 
INTEGRATOR LF REJECT switch. 
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R, 

e, 0 

eo == - lf --- e, 
R, Cr 

R, 
e, 

dt 

c, 

C, 

To reduce integration 

of low-frequency sig

nals and/ or drift. 

2. Integration 

Q eo 

The integrator circuit can be used as a precision 90° 
phase shifter within the frequency limits of the amplifier. 
Sine waves applied to the input of the integrator are shifted 
in phase by exactly +90°. 

In some applications it may be desirable to start and 
stop the integration at a known time interval. This type of 
integrator is discussed as the Gated Integrator, Application 
22. 

3. Differentiation 

The output voltage of the differentiation circuit is inversely 
proportional to the feedback time constant and is directly 
proportional to the time rate of change of the input voltage. 
In practical applications, the R1Ci time constant will have to 
be chosen somewhat on a trial and error basis to obtain 
a reasonable output level. A good starting point, however, 
is to make the time constant approximately equal to the 
risetime of the signal to be differentiated. 

Differentiation permits slight changes in input slope to 
produce very significant changes in the output. An example 
of the usefulness of this feature would be in determining the 
linearity of a sweep-sawtooth waveform. Nonlinearity re
sults from changes in the slope of the waveform. Therefore, 
if nonlinearity is present, the differentiated waveform indi
cates the points of nonlinearity quite clearly. Repetitive 
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C 

:-----11---7 

e, o-t'1-----fP-,, ~ 
dei 

eo == - Ri Ct --
dt 

Add C=C,/100 for 
no,ise suppression, 
or 

A I tern ate method of 

noise suppression 

3. Differentiation 

R, 

waveforms with a rise and fall of differing slopes can show 
erroneous waveforms. Under such conditions it is best to 
view the waveform using the oscilloscope SINGLE SWEEP 
mode. 

The output voltage of the differentiator is directly propor
tional to the frequency of the input signal (within the fre
quency limits of the circuit). This permits the differentiator 
to be used as a frequency to voltage converter. The fre
quency of an unknown signal can be determined by com
paring the amplitude of the output voltage to that obtained 
using a known input frequency. The oscilloscope graticule 
can be calibrated, if desired, for frequency per centimeter. 
A constant-amplitude input signal must be used in this 
application, to prevent changes in amplitude from disturbing 
the measurement. 

Differentiation of a sine wave results in a 90° phase shift 
at the output of the differentiator. The circuit can thus be 
used as a precision 90° phase shifter within its frequency 
limits. The output of the differentiator is shifted by -90 ° 
as opposed to +90° for the integrator circuit. 

In general, differentiation accentuates high-frequency 
noise; if this is objectional, a noise suppression capacitor 
may be placed in the feedback circuit, or a resistor in the 
input circuit, to limit the high-frequency response above the 
signal frequency. 

Conversely, in some applications a differentiator may be 
advantageously used to detect the presence of distortion or 
high-frequency noise in the signal. A differentiator can often 
detect hidden information that could not be detected in the 
original signal. 



4. Summation 

e, 

e, 

e, 

e, 

R, 

R, 

R, 

R, 
e, + 

When R; = R, = Ra = R4 = R,, 
then eo = - le, + e, + e, + e,l 

4. Summation 

Rr 

R, 

R, 
ea+ 

Rr 

R, 
e,) 

Summation of a number of voltages can be accomplished 
with the Application 4 circuit. The feedback resistor R1 can 
be selected from internal values, however it will be necessary 
to provide external input resistors. When the values of all 
resistors are the same, the output of the amplifier is the 
inverted sum of all of the input voltages. By proper resistor 
selection, many input voltages can be amplified at the out
put, limited only by the ability of the output to swing either 
+50 volts or +5 ma. 

5. Unity-Gain Amplifier with High Input Impedance 

5. Unity-Gain Amplifier with High Input Impedance 

NOTE 
The following method of determining input im
pedance signifies a concept only, and is not neces
sarily valid for all circuit configurations. 

In this circuit, a gain of + 1 is obtained. The input signal 
is applied directly to the +grid with feedback applied 
from the output to the -grid. Since the signal is applied 
directly to the +grid, and since there are no resistance 
elements between it and ground, the input impedance of the 
circuit is determined primarily by the grid current. This cur
rent is on the order of 0.3 nanoampere (see Characteristics 
Section) for signals of less than about + 10 volts; thus the 
input impedance is on the order of 10,000 megohms. For 
signals of + 1 v, the input impedance is on the order of 
1000 megohms. This is, of course, the de impedance. For 
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ac signals, the shunt capacitance brings the impedance 
down to a much lower level. The input impedance varies 
with the input voltage (assuming R; = e;/ i9) since the grid 
current (ig).,remains relatively constant .. 

The feedback to the -grid insures a gain of 1 at the 
amplifier output. 

6. High Input Impedance Amplifier 

e, 

R, + Rr 
eo == e, 

R, 

6. High Input Impedance Amplifier 

The high input impedance feature of the previous cir
cuit is combined with gain in this circuit. The gain is positive 
and is determined by the formula shown with the diagram. 

In this circuit, the signal is again applied directly to the 
+grid with feedback from the output to the -grid. The 
amount of feedback is controlled by the values of R; and R1. 

Note that it is not possible to obtain a gain of less than 
one with this circuit. 

Both R; and R1 can be selected from internal values. If 
internal values are used, it will be necessary to externally 
ground the A INPUT connector in order to ground one end 
of R;. 

7. Subtracter and/ or Difference Amplifier 

R, 

>-------1.J eo 

R, 
e, 

Subtractor: 

R, 
eo == - -- e, + 

R, 
~ ~] L Ra + R, J [~ e, 

Difference I special case) 
When R, = R, = R, = R4, 

then eo == e2 - e1 

7. Subtractor and/or Difference Amplifier 
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One signal voltage can be subtracted from another 
through simultaneous application of signals to both grids 
of the amplifier, as shown in the preceding diagram. The 
signal applied to the - grid is subtracted from the signal 
applied to the +grid. 

If the values of the resistors are not all the same, the 
gain of the amplifier for signals applied to the +grid is 

R, + R2 R4 
R, X Ri + R4 

Gain of the amplifier for signals applied to the - grid is 
- R2 /R 1• Through use of these two equations, a desired 
amplification can be combined with the subtractive process 
shown by the generalized expression, 

R2 R, + R2 
eo = - - e, + R, R1 

In this application, the amplifier is 
difference amplifier. 

R3 + R4 e2. 
used essentially as a 

A difference amplifier may be operated with compensated 
frequency response by adding small variable capacitors 
across R3 and R4 of the preceding circuit. This permits bal
ancing the time constants, extending the usable bandpass of 
the difference amplifier. In cases where all resistors are not 
equal, compensation for high frequencies may be accom
plished by making all time constants equal. 

8. Voltage to Current Converter !Transadmittance 
Amplifier) 

R, 

When R, = Rr, R, = R,, 
and R, + R, >>zL, 
then 

. ei 
1L=:- --

r 

R, 

R, 

8. Voltage lo Current Converter 

This circuit can be used to supply a current to a load 
which is proportional to the voltage applied to the input 
of the amplifier. The current supplied to the load is relatively 
independent of the load characteristics. This circuit is 
essentially a current feedback amplifier. Load current is 
limited to +5 ma. 

A current sampling resistor is used to provide the feed
back to the +grid. When R; = R1 = Ri = R4, the feedback 
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maintains the voltage across r at a value -Rt! R; X e; re
gardless of the load. If a constant input voltage is applied 
to the input of the amplifier, the voltage across r also re
mains constant regardless of the load. If the voltage across 
r remains constant, the current through r must also remain 
constant. With Ri and R4 normally much higher than the 
load impedance, the current through the load must remain 
nearly constant regardless of its impedance. 

The values of R;, R1, R3, and R4 should normally be the 
same (1 megohm for each is satisfactory). The current sampl
ing resistor is then selected for the desired load currents. 
The current through the load iL = e;/r milliamperes per 
volt of signal when r is expressed in kilohms. The value of 
r should be selected to limit the maximum current drawn 
from the operational amplifier to less than 5 ma. 

9. Voltage to Voltage Amplifier (Voltage Gain Ampli
fier) 

e, 

R, 

When R, = R, and R, = R,, 

then eL = - e1 

R, 

9. Voltage to Voltage Amplifier 

This circuit is similar to the voltage to current converter 
described previously, except that the load is now placed 
where the current sampling resistor was in the previous 
circuit. With R; = R1 = R3 = R4, the feedback to the + 
grid maintains the voltage across the load equal to minus 
the input voltage regardless of load (within the current 
limitations of the amplifier). Operation of the circuit is 
essentially the same as that of the voltage to current con
verter. 

Since the voltage across the load is equal to the input 
voltage, sweeping the input voltage results in the voltage 
across the load also being swept. A voltage proportional 
to the current through the load can be obtained across r. 
The combination of the voltage across the load and the cur
rent through r can then be used to display the characteristic 
curves of devices such as tunnel diodes. 



When using this circuit, care should be taken in adiusting 
the input voltage and/or load impedance so that the +5 
ma rating of the operational amplifier is not exceeded. 

10. Bandpass Amplifier 

159 k Ext. 

C, 

C, 

~ Ext. 

Gain 

LF Freq. HF 

10. Bandpass Amplifier 

J\____l_ .001 

~ I I I 
I Reset I 
I I 
I I 
I I 
I I R, 

~ I 

Set \ .001 

= + 1-voll pulses. 0--i 

Appliccitions - Type 0 

An operational amplifier can be applied as a bandpass 
amplifier with proper input and feedback elements. The 
adiacent circuit illustrates an example with only the addi
tion of two external resistors. The C and ( 1 capacitors are 
internally chosen. The bandpass curve shown with the cir
cuit illustrates an RC rolloff at each end of the bandpass 
with the signal amplitude dropping 6 db per octave. To make 
such a system guassian, with a rolloff of 12 db per octave 
after the 3 db down point, two bandpass amplifiers can 
be cascaded. 

The principle of operation of the bandpass amplifier is 
that the input series R and C attenuate low frequencies, 
and the feedback parallel R and C attenuate high fre
quencies. The maximum gain, in the flat area of the fre
quency response curve, is unity with the following suggested 
values: 

C; and C1, for -3-db frequency values, when external 
resistors are 159 k. 

L. F. C; H.F. C1 
1 C l µJ 100 kc 10 pf 

10 C .1 µ,f 10 kc .0001 µ,f 
100 C .01 µ,f 1 kc .001 µ,f 

l kc .001 µ,f 100 C .01 µ,f 
10 kc .0001 µ,f 10 C .1 µ,f 

100 kc l 0 pf 1 C 1 µ,f 

11. Flip-Flop Multivibrator 

In the flip-flop multivibrator circuit, + 1-volt or greater 
pulses are applied to both the + and - grids. When 

+6RR 
~~o ---- -~ 

eo 

+ 
1 meg 

R, E, 

11. Flip-Flop Multivibrator 
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the multivibrator is flipped to one state of conduction by 
application of a pulse to one of the grids, it remains in that 
state of conduction until a positive pulse is applied to the 
other grid. 

The output of the multivibrator is a series of positive and 
negative pulses approximately 50 volts in amplitude. This 
circuit is useful to approximately 10 kc. The sensitivity of 
the circuit can be changed to satisfy application require
ments. The circuit can be made more sensitive by increasing 
the· ratio of R3 to R2. 

Waveforms shown on the circuit drawing as e 0 are ideal
ized. To obtain flat tops and bottoms on the output wave
forms use a double Zener output circuit, as indicated by the 
dotted area below the e 0 terminal. 

12. Logarithmic Amplifier 

In many applications it is desirable to have a device 
whose output is proportional to the logarithm of the input. 
However, a practical amplifier cannot give a true logarithmic 
response because of two primary limitations: (1) the loga
rithm of zero is -infinity, thus a true logarithmic amplifier 
would have an output of -infinity with zero input; (2) the 
logarithm of a negative number is not defined, therefore a 
true logarithmic amplifier could not accept negative input 
signals. 

13. Logarithmic Amplifier 
( fast response) 

This circuit performs with 
a much faster logarithmic re
sponse than circuit 12. It 
operates to a higher frequen
cy, employing high-frequency 
components and circuitry. 

±0.1 

2-20 k 
1% 
½w 

1.35 V 

200 k 

20 k 

±0.1 to 100 V 
1.35 V 

8 Stabistors, G 130 

e., = - [0.7 + (0.35 Log10 e,l l 

12. Logarithmic Amplifier 

An approximate logarithmic output can be obtained from 
the indicated circuit; the relation between input and output 
is shown in the equation under the diagram. 

The stabistors shown provide feedback which produces 
the logarithmic output response for input voltages between 
+0.1 and + 100 volts. 

* Erie 
2007 

10 k 
I¾ 
¼w 

2-3 pf HF COMP 

eo 

*Erie 
25 k 2007 
1% 
¼w 

The amplifier is essentially 
logarithmic from +0.1 volt 
to + 100 volts. It is not log
arithmic with signals less than 
about +0.08 volt. **152-110 

10 k 

When calibrated, the ampli
fier has a gain of 3 for very 
low-level signals. At a signal 
level just under 0.1 volt, the 
gain is approximately 1 .4, and 
continues to drop logarithmi
cally with increased signal. 

Calibration is accomplished 
by using the oscilloscope AM
PLITUDE CALIBRATOR and a 
Type 105 Square-Wave Gen
erator with a 93 0 cable and 
termination as signal sources. 

1. Let the O Unit warm up 
for 10 to 15 minutes. Set 
the +GRID SEL to -. 
Plug the logarithmic am
plifier into the B opera
tional amplifier. 
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* Matched pairs 

**Tektronix Part Number 

I¾ 
¼w 

**152-109 

13. Logarithmic Amplifier (fast response) 

Sk 

5.6 k 
10¾ 
½w 

®I 



2. Free run the sweep at about .5 mSEC/CM. 

3. Set the VERTiCAL DISPLAY switch to 8-. 

4. Place the Z; and Z1 controls in the EXT. position. 

5. Adjust the OUTPUT DC LEVEL to match the ZERO 
CHECK trace position. 

6. Set the VOLTS/CM switch to .1 

7. Connect a 1-volt calibrator signal to the input of the 
logarithmic amplifier. 

8. Adjust the VARIABLE VOLTS/CM control for two centi
meters of crt display. Recheck step 5 to be sure the 
zero-volt portion of the display coincides with the 
ZERO CHECK trace position. (A little drift will alter 
the calibration for low level signals.) 

9. Raise the calibrator signal to 100 volts. Adjust the 
5-k potentiometer, + l 00 v CAL, so the l 00 volt level 
of the display is 4 cm from the ZERO CHECK trace 
position. The zero-volt part of the display may not 
return completely to the ZERO CHECK trace position 
in the time the calibrator signal remains at zero 
volts. Do not adjust the vertical POSITION to offset 
this while adjusting the + l 00 v CAL potentiometer. 

10. Repeat steps 7, 8 and 9 as necessary until the ampli
plifier functions properly. Proper operation means a 
0.1-volt calibrator signal will produce 1 centimeter of 
deflection; l volt will produce 2 centimeters, and 
l 00 volts will produce 4 centimeters. A tolerance 
of +l mm can be expected. 

To check for proper operation throughout the oper
ating range, another voltage source must be used. A 
regulated, variable de power source, monitored with 
an accurate meter will provide the accuracy needed. 

11. Disconnect the calibrator signal and connect a 25-kc 
square wave from the Type 105 Square-Wave Gener
ator to the input. Use a 93 0 cable and a 93 0 Ter
mination Resistor and adjust the HF COMP capacitor 
for minimum spike at the leading edge of the square 
wave at about a 10-volt level. This adjustment will 
change with maximum signal amplitude, so it should 
be made at the maximum value of voltage the ampli
fier is expected to handle. 

12. The amplifier is now calibrated. Always recheck the 
OUTPUT DC LEVEL against the ZERO CHECK trace 
position prior to any measurement. 

Response-time of the logarithmic amplifier (the time to 
change l 00% of a step signal amplitude) varies with the 
direction of change. The amplifier was originally designed 
to operate between 0.1 to l O volts, therefore the response
time performance has been measured within these limits. 
Response-time when going from 0.1 volt to 10 volts is 
approximately 0.2 µsecond. Response-time when going from 
10 volts to 0.1 volt is approximately 0.3 µsecond. 

If your instrument serial number is below 813, we sug
gest that you modify the circuitry to agree with that found 
in instruments numbered 814 and above. This should reduce 
thermal drift problems when using the Logarithmic Ampli
fier. 

14. Limiter Amplifier 

The limiter amplifier operates as a normal amplifier until 
the output reaches the Zener breakdown voltage of the 

Applitaticms - Type 0 

diodes. When this occurs, the Zener diode places R in paral
lel with R1, thereby increasing the negative feedback and 
decreasing the gain of the amplifier. By changing the set
ting of R, the gain of the amplifier after Zener breakdown 
can be controlled. The curve illustrates the input-output char
acteristics of the circuit. 

.1 meg 

R, 

.1 meg 

e, 

e, 

R, 

.2 meg 

A 
' ' ' 

R,R 
Slope= - ----

R, lR, + Rl 

14. Limiter Amplifier 

R, 
Slope=--

R, 

' ' R = oo 

R=O 

The input and output voltages of an amplifier are related 
by the expression e0 = Ge;, where e0 is the output voltage, 
G is the gain, and e; is the input voltage. From this ex
pression it can be seen that G is the slope of the curve. For 
voltages between the two Zener breakdown points, the 
gain (and the slope of the curve) is the usual expression 
-Rd R;. After the Zener breakdown, the effective feedback 
resistance is that of R1 and R in parallel. The gain (and 
slope) of the limited curve is 

G = _ R1R 
R; (R1 + R) 

The slope of the limited curve can be varied between zero 
and -Rd R; by varying the value of R between zero and 
infinity. 

The purpose of the circuit is to limit the gain of the 
amplifier for output voltages greater than the Zener break
down voltage. If R is reduced to zero, the output voltage 
is limited to the Zener breakdown voltage. 

15. Expansion Amplifier 

The expansion amplifier is similar in operation to the 
limiter amplifier of application 14. The primary difference 
in the two circuits is in the location of the back-to-back 
Zener diodes. 
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R, 

.,/l ' ' 

R, (R; + Ril 
Slope= - __ R_1_R_1 __ 

R, 

' 

15. Expansion Amplifier 

Slope= _ ____!_:_ 
R, 

In this circuit, the gain of the amplifier is the usual -Ri/R; 
until the input voltage reaches the Zener breakdown level. 
When this occurs R1 is placed in parallel with R; thereby 
increasing the gain of the amplifier for input voltages above 
this level. 

As mentioned previously, the gain of the amplifier (and 
thus the slope of the input-output curve) is -Rd R; for input 
voltages below Zener breakdown. Above Zener breakdown 
the gain (and slope of the limited curve) is 

G = _ Rf /R; + RrJ 
R; Rr 

Input signals above the Zener breakdown voltage are 

D 10 v 

5 k 
e, 

D 10 V 

~ / -0.25 v Sine wave, up to ::::; 0.5 me 

e, /J f'--/; -
eo-N--f: +lOE, 

J LJ -l0E, 

16. Clipper Circuit 
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effectively expanded by the amplifier. Signals below the 
Zener breakdown voltage are amplified in the normal 
mariner. 

16. Clipper Circuit 

The clipper circuit is similar to the circuit shown in appli
cation 14 except that no feedback resistor is used. This 
means that the open-loop gain of the amplifier is obtained 
until the output reaches the Zener breakdown voltage. The 
output is then limited to the Zener breakdown voltage. The 
low-capacity signal diodes D disconnect each Zener during 
its forward voltage excursion to keep leakage feedback to 
a minimum. 

The combination of the very high gain and clipping at 
the Zener breakdown voltage permits small amplitude sine 
waves to produce large amplitude square waves. 

The example shows a gain of about 80 with clipping at 
the Zener level on both halves of each cycle. 

17. Frequency to Voltage Converter 

The frequency to voltage converter is essentially a dif
ferentiating circuit. The output of the differentiator in this 
circuit is rectified and used to charge a capacitor. Since the 
output of a differentiator is proportional to frequency, the 

C1 

e1 ~ , 

17. Frequency to Voltage Converter 

capacitor charge is also proportional to frequency. A de 
voltage is thus obtained which is proportional to frequency. 

It is important that the proper values of Rf and C; are 
used in order to obtain best results from this circuit. Refer 
to Chart 2-2 for the proper values to use in the frequency 
range you wish to cover. Practical limits of performance are 
from approximately 1 cps to 1.5 me, shown as several ranges 
in Chart 2-2. 

The diode D and capacitor C must both be selected to 
have high leakage resistance to permit maintaining the 
proper de output voltage during the part of each cycle that 
D is not conducting in the forward direction. 

18. Peak Reading Amplifier 

In this circuit, advantage is taken of the high input im
pedance feature of the + grid. When a positive pulse is 
applied, the diode conducts, charging the capacitor to the 
peak voltage. Because of the high input impedance, the 
capacitor charge is retained for a relatively long period. The 
gain of the amplifier is unity under these conditions, so the 
output is equal to the peak voltage of the input pulse. 

®I 



In order for the circuit to 
operate properly, the time 
constant of the source imped
ance and the capacitor to be 
charged must be short enough 
so that the capacitor can 
charge to the peak voltage 
in the time that the pulse re
mains at the peak. For this 
reason, the value of the ca
pacitor should be as small as 
possible. The capacitor can
not be too small, however, or 
it will discharge too rapidly. 
A capacitor with very low 
leakage should be selected to 
prevent rapid loss of the 
charge. Also, the diode re
verse current should be very 
low to prevent the capacitor 
charge from being lost too 
rapidly. The forward drop 
across some silicon diodes is 
great enough to prevent the 
capacitor from charging to the 
peak voltage. 

In practice, two peak reading 
amplifiers can be cascaded 
to minimize input loading and 
extend peak memory time. 

19. Very Low Current Meas
urements 

The output voltage of this 
circuit is proportional to the 
input current. The circuit can 
be used to measure very low 
currents, such as reverse cur
rent of semiconductor diodes, 
or the leakage current of ca
pacitors. 

If Rt is 1 megohm, the out
put will change 1 volt per 
microampere input. 

If R1 is 50 megohms (exter
nal resistor), the output will 
change 50 millivolts per nano
ampere input. 

The capacitor across R1 may 
be required to reduce output 
noise when the gain of the 
overall system is high. 

A convenient voltage source 
for measuring diode reverse 
current is the oscilloscope 
SAWTOOTH OUT waveform. 

The peak value of the saw
tooth can be varied to suit the 
particular diode by means of 
a 100-k potentiometer. With 

ei Positive Peak 

_Le, D 

eo = e, Positive Peak 

I'SmallC 
20 to 47 pf 

Sawtooth 

;1 +140v 

-2v_; L 

Reset 

~' Large C _L .001 to .01 

18. Peak-Reading Amplifier 

Rr 

eo == -i Rt 
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eo J 

eo 

D = Diode, measuring reverse current 

Silicon diode added to block negative sawtooth 

for very low current measurements. 

100 pf 

Rr 

19. Very Low Current Measurements 
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such a system, the horizontal display can be calibrated in 
volts per centimeter. Thus the exact voltage at which the 
diode reverse current exceeds a given value can be seen 
dynamically on the crt. 

For very high sensitivities (the measurement of very low 
current) it may be necessary to shield the input and output 
circuits to eliminate hum pickup. The noise of the system 
can be reduced by placing a capacitor across the feedback 
resistor. 

The oscilloscope sawtooth-out voltage usually contains 
a small negative offset when the crt spot is at rest. To pre
vent the diode being tested from going into forward con
duction and saturating the amplifier, a silicon diode may be 
inserted between the sawtooth-out voltage and the potentio
meter to block the negative offset voltage. 

Capacitance of the added diode can affect the display 
at high sweep rates. To minimize the capacitance effect, 
slow sweep rates should be chosen for nanoampere current 
measurements. The oscilloscope single sweep feature may 
also be used to improve the display. 

20. Capacitance Measurements 

CAL 
e, .1 meg 

B = Unity Gain Driver Amplifier 

Co = Stray capacitance balance 
when measuring 1-10 pf. 

Cr = 0 Unit 1 % Zr capacitor 

A: Use INTEGRATOR LF REJECT 1 CPS 

.1 meg 

Rr 

B 

c, 

Unknown capacity 

Cr 

20. Capacitance Measurements 

The above circuit can be used to make accurate capac
itance measurements by comparing the value of an un
known capacitor against one of the internal standard capaci
tors. The fixed internal capacitors are within 1 % of the 
front-panel values. The two lowest value capacitors are 
adjusted during calibration. In the diagram, C is the un
known capacitance and C1 is the selected internal capacitor. 

Although resistors are normally used as the input and 
feedback components when an operational amplifier is used 
to provide amplification by a constant, capacitors may be 
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used als.o. The gain of the amplifier with capacitors as the 
input and feedback elements is the ratio of the capacitive 
reactance of the feedback capacitor to the capacitive re
actance of the input capacitor. The gain is therefore equal 
to -Cx/C1. If a known input signal from the oscilloscope 
calibrator is applied to the amplifier, the gain can be de
termined by comparing the output displayed on the oscillo
scope to the input signal. With the gain and C1 known, C 
can be calculated. This is the general method used. 

Operational amplifier B is used as a unity gain driver 
for operational amplifier A. The low output impedance of 
amplifier B is necessary to obtain accurate measurements 
on large capacitors. The low output impedance permits 
charging C in less than one half the period of the cali
brator waveform. 

To make a capacitance measurement, proceed as follows: 

1. Connect the circuit as shown in the diagram but do 
not connect Cx, Set the A Operational Amplifier Z; 
switch to EXT. 

2. Connect the output of the oscilloscope AMPLITUDE 
CALIBRATOR to the input of Operational Amplifier B 
and adjust the calibrator output voltage according to 
the following chart for the range of capacitance to be 
measured. 

3. Set the VERTICAL DISPLAY switch to A+. Set the 
VOLTS/CM switch to .05. Connect any device which 
will be used to hold the unknown capacitor to the A IN
PUT and A - GRID connectors. If the capacitor to be 
measured is 10 pf or less, adjust C0 , the neutralizing 
capacitor, for the least amount of signal displayed on 
the crt. This neutralizes the stray capacitance between 
the input and A - GRID connectors. 

4. Connect the amount of signal indicated below for 
the range of capacitance expected. Connect the capac
itor to be measured and read the output of the ampli
fier displayed on the crt. Calculate the gain and the 
value of C. If C is equal to the value of the C1 switch 
setting, the display amplitude will be equal to the cali
brator peak-to-peak voltage. If C is one half the 
value of the C1 switch setting, the display amplitude 
will then be one half the calibrator peak-to-peak volt
age. 

RANGE 

0- l0µJ 
0- 1 ,uf 
0- .1 µf 
0- .01 µf 
0- .001 ,uf 
0- 100 pf 
0- 10 pf 

21. Gated Amplifier 

CALIBRATOR C1 SWITCH SETTING 
SIGNAL 

10 mv 
.1 V 

.1 V 

.1 V 

1 V 

10 V 

10 V 

.1 

.1 

.01 

.001 

.001 

.001 

.0001 

It is possible to gate on and off an operational ampli
fier. The simplest form of this type of circuit would be to 
use a relay with contacts that short across the feedback 
component when the amplifier is to be turned off, but the 
speed of response is limited by the response of the relay 
used. 
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Rr 

+ Sig only R, 

D 
D 

_IL ~ I---- ___, 

Approx. + 20V Gale 1 _5 v 

R, 

- Sig only 

e, 

D 

D 

-11- ~-
Approx. + 20V Gate 

1.5 V 

I k 

D = Low leakage diodes 

21. Gated Amplifier 

The simple relay may be replaced by a diode gate that 
is turned on and off to gate off and on the operational 
amplifier. 

The ~ 20 volt gate indicated can be obtained from 
either the A or B sweep of any Tektronix dual-sweep oscillo
scope in which the Type O unit is used, such as the 535A 
or 545A. The 1.5-volt battery biases diode D to conduction 
when there is no + GATE signal. With the arrival of the 
+ GATE, diode D opens, permitting the amplifiier to func
tion. 

The back resistance of the diode gate must be very high 
to prevent altering the amplifier performance. Also, its for
ward resistance must be low to permit firm clamping of the 
amplifier. 

The gated amplifier illustrated here can accept only one 
polarity of signal. If the feedback capacitor of application 
22 is replaced by a feedback resistor, a signal containing 
both positive and negative polarity can be gated. 

Applications - Type 0 

22. Gated Integrator 

This circuit is a modification of application 21. 

The gated integrator can be used to integrate a signal 
over a specific time interval such as a portion of a sine wave 
or a small pu.lse that follows a large pulse. If a large pulse 
preceding a small pulse were to be integrated too, the area 
under the small pulse might not be easily resolved from the
display. 

By using a two-sweep oscilloscope, such as a Type 535A 
or Type 545A, the oscilloscope HORIZONTAL DISPLAY 
should first be set to 'B' INTENSIFIED BY 'A'. Adjust the 
two sweep rates and the DELAY-TIME MULTIPLIER dial so 

T12G 

1 meg or 

higher 

4.7 k 

l meg 

l'---5~-.A'-18--' 
+Gate 

e,~ 

: I 

Gate 

eo 

I I 
I I 
I I 

_n_ 
I 

I 
I 
I 
I 

I I 

~ II 
I 

c, 

1 meg 

10 pf 

22. Gated Integrator 

4 Silicon diodes; 

very low leakage. 

Tl2G 

~ 
I 
I 
I 
I 
I 

SL 
i 
I 
I 
I 

~ 
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the desired portion of the display is viewed by the 'A' 
sweep. Then, switching the HORIZONTAL DISPLAY switch 
to 'A' DEL'D BY 'B', the crt presentation will be that portion 
of the signal to be integrated. By using the + GATE A to 
turn on the integrator, the full crt display will then be the 
integral of the desired part of the original display. 

If the waveform is of a recurrent nature, it may be neces
sary to use external triggering to the Time-Base B external 
TRIGGER INPUT. If the waveform is a single-shot type, the 
system described above will function correctly. In either 
case, it may be advantageous to read the operating in
structions about the 'A' DEL'D BY 'B' mode of operation in 
the instruction manual for the oscilloscope used. 

Integration of a repetitive waveform requires the use of 
the Type O Unit INTEGRATOR LF REJECT switch to keep the 
integrated waveform on the crt. By using a gated integrator, 
it is possible to integrate a signal plus any reasonable de 
component associated with the signal. Under such condi
tions the LF REJECT switch would be OFF. By virtue of the 
shorted feedback element when there is no turn-on gate, the 

D, 

Cr 

10 k 

gated integrator is not subject to de drift between gating 
periods. Therefore, it is possible to integrate essentially 
single-shot waveforms with a de component included in the 
integral waveform. 

In any use of the gated integrator, refer to Chart 2-2 
so that errors will not be made due to the gain-frequency 
limits of the operational amplifier integrator. 

23. Stair-Step Generator 

Another form of gated system is shown here with the B 
amplifier used as a multivibrator to gate an operational 
integrator. The integrator is fed a train of equal amplitude 
pulses via a 'Bucket' capacitor circuit to form a stair-step 
output waveform. 

With e; equal to the amplitude of the pulse feeding the 
operational integrator, the output amplitude per step is 

KC; 
e0 per step = ~ e;, 

K ,;,-- .... -----1---------------4.--{) eo 

Ext. Trig. 

1J7_ 
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D1 

10v 

D1 = Very low leakage silicon diodes 

D, = Any signal diodes 

100 k 

100 k 

23. Stair-step Generator 

5k 

Trigger 

Input 

.001 ~ 

~ 

Trigger 

Selector 

Switch 



where K is the potentiometer setting (as a fraction of the 
pulse amplitude), C; is the input capacitor, and Ci the feed
back capacitor. 

Diode coupling from the output stair-step to the + GRID 
of the B amplifier multivibrator assures the system will re
vert to zero output at the voltage of the back-to-back Zener 
diodes. 

Once reverted to essentially zero output, a trigger pulse 
is required at the multivibrator + grid to open the gate 
again and permit another stair-step cycle. Thus the circuit 

24. Function Generator 

The function generator 
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can either produce a continuous series of stair-steps, or only 
one at a time, on the arrival of a single trigger. To make 
it repetitive, connect the output stair-step to the trigger input. 

The maximum time per step (with good fidelity) is deter
mined by the vaiue of C;. Two exampies of maximum time 
limit per step, when Ci is a .01 -f-lf capacitor, are: if C; = 
.001 f-lf, the maximum time per step is about 10 f-LSeconds; 
if C; = 47 pf, the maximum time per step is about 1 f-Lsec
ond. The minimum time per step is limited by the imped
ance of the driving source at C;, and by the bandwidth 
of the A amplifier. 

C .001 ~ 
Z1 SELECTOR Switch 

Frequency Range Switch 

makes simultaneous use of 
both operational amplifiers. 
The A amplifier functions as 

R 2.5 meg. 

an integrator while the B 
amplifier functions as a flip
flop multivibrator. 

When the unit is switched 
on, the de level at the output 
of the B amplifier is integrated 
by the A amplifier to form a 
linear ramp as shown by the 
waveform from the A output. 
When the ramp voltage 
reaches a certain level, it 
causes amplifier B to switch 
into its other state. The 
change in voltage at the out
put of B is integrated by A to 
form the remainder of the saw
tooth from A. The output from 
A is again applied to B and 
ca uses B to switch to its 
original state after the output 
of A reaches the required 
level. This completes one cycle 
of operation. The cycle then 
repeats. The operation of the 
circuit can be compared in 
many respects to a simple re
laxation oscillator. 

The frequency of the output 
is determined by the time re
quired for the voltage at the 
output of amplifier A to rise 
to the required switching level 
of B. This is determined by 
the value of R and C, and the 
setting of the FREQ. control. 
A nominal upper limit of 60 
kc is possible without seriously 
changing the waveforms from 
those shown. 

The output waveforms are 
modified by closing switch 51. 
This switch permits a diode to 
reduce the charging time for 

B 

FREQ 

Aout 

I/ '" :"' 
out I 

-

s, 

100 k 

S1 open 

/ "-
I/ I"-. 

I 

I 

C in one direction only, changing the symmetrical ramp 
waveform to an unsymmetrical one as shown. This also 
affects the switching time of amplifier B and its duty cycle. 

I 

I 

Aout 

10 k 

1.5-7 

100 k 

10 k 

Bout 

10 V 

10 V 

Waveforms 

Vertical: 10 v/cm 

Horizontal: 1 msec/cm 

S1 closed Aout 

·-

/ 1\- / / I/ I/ / 
/ V V I/ V V 

I I I I 
I I I I I 

I 

-

24. Function Generator 

The back-to-back Zener diodes at the output of amplifier 
B square off the tops and bottoms of the waveforms and 
limit their amplitude, providing a square-wave output. 

3-15 
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25. Low-Frequency 
Wave Generator 

Sine-

This circuit is a parallel-T 
oscillator. Feedback to the -
grid becomes positive at the 
frequency indicated in the for
mula, while positive feedback 
is applied to the + grid at all 
frequencies. The amount of 
positive feedback to the + 
grid is sufficient to cause the 
amplifier to oscillate. In com
bination with the feedback to 
the - grid, feedback to the + 
grid can be used to stabilize 
the amplitude of oscillations. 

The output of the oscillator 
is a stable sine wave with very 
low harmonic content. Output 
voltage is approximately 10 
volts, peak-to-peak. The non
linear resistance of the back
to-back Zener diodes is used 
to limit the output amplitude 
and maintain good linearity. 

150 V 

SLOPE 

Controls 

A l 

I meg 

2 

1 meg 

3 

1 meg 

4 

10 

f= ~ 
2 1r RC ~ 

R 

1 cps when 
R = 1.78 meg 15 V 15 V 

C = 0.1 µf 

CTC R/2 

R 10 V p-p 

/',./'V 

I. 
2C 

10 k 

100 k 

STABILITY 

25. Low-Frequency Sine Wave Generator 

10 k 

10 k 

10 k 

B 

Output 

26. Segments Function Gen
erator 

The simple segments func
tion generator shown employs 
Zener diodes to determine the 
starting voltage of each seg
ment, and 200-k potentiome
ters to control the slope of the 
segment after each Zener con
ducts. 

Many Tektronix oscilloscopes 
can provide the input signal 
from the SAWTOOTH OUT 
connector. The oscilloscope 
sweep generator therefore 
controls the waveform rate, 
either on a repetitive basis or 
on a manually- or externally
triggered single-shot basis. 

27. CRT Function Generator 

26. Segments Function Generator 

The top illustration shows 
the circuit and physical ar
rangement for a simple crt 
arbitrary function generator. 
A mask is placed over the 
face of the oscilloscope crt in 
the shape of the waveform to 
be generated. A light-sensitive 
element is then placed in front 
of the crt. The output of the 
high-gain operational amplifier 
is applied to the preamplifier 
to control the vertical position 
of the crt spot. The light-

3-16 ®I 



sens1t1ve element is connected 
so that a bright display moves 
the spot down. Crl 

SIMPLE SYSTEM 

Applications - Type 0 

Light Shield 

Light-sensitive 

element 
In operation, the crt spot is 

positioned (with the Position
ing controls) to be just above 
the highest edge of the mask. 
If the spot then moves higher, 
the additional light reaching 
the phototube moves the spot 
down. If the spot moves down 
too far, the reduced light 
moves the spot back up. The 
net result is that the spot 
stays at the edge of the mask. 
As the spot is swept horizon
tally by the oscilloscope sweep 
circuit, it follows the edge of 
the mask, tracing out the pat
tern. The de-coupled voltage 
from the operational amplifier 
OUTPUT connector is nearly 
an exact replica of the mask. 
Any type of arbitrary function 
waveform can be generated 
by cutting out the proper mask 
and placing it over the oscil
loscope crt. 

Oscilloscope 

Main Unit 

Vertical Amp 

Type 0 

Preamp 

FAST SYSTEM 

Beam 

Crt 

low Z 

Output 

light Shield 

Light-sensitive 

element 

The simple crt function gen
erator has upper rate limita
tions for the crt spot move
ment. These limitations are 
due to the response time of 
the light-sensing element, the 
bandwidth of the operational 
amplifier, and the type of 
phosphor and its light output. 
If a fast sweep rate is re
qui red, it may be necessary 
to undercut the mask at sharp 
corners. Experimental masks 
will lead to the correct shape 
to give the desired waveform 
output. 

Oscilloscope 

Main Unit 

Vertical Amp 

Type 0 

Preamp 

A more sophisticated version of the crt function generator 
is shown in the lower illustration. This system uses two 
light-sensing elements and two sets of polaroid filters for dif-

28. Displaying B-H Curves for Magnetic Materials 

B-H curves for magnetic materials can be displayed using 
this circuit. A transformer is constructed using a core of 
the test material and the transformer is excited from the 
output of a variable autotransformer. The magnetic intensity 
H in the core is proportional to the current through the pri
mary winding. The voltage across a current sampling resistor 
in the primary circuit is applied to the horizontal deflection 
system of the oscilloscope. Horizontal deflection on the 
oscilloscope is thus proportional to H. 

The output voltage obtained from the secondary winding 
is proportional to the time rate of change of the flux. The 
transformer secondary voltage is applied to an integrator 

®I 

27. CRT Arbitrary Function Generator 

Low Z 

Output 

ferential operation. The response time of this system is 
greater than the simple system, with a limitation now includ
ing the oscilloscope delay line. 

circuit which gives an output voltage proportional to the 
flux. The output of the integrator is applied to the pre
amplifier where it produces vertical deflection of the crt 
beam. Since the flux density B is equal to cf>/ A (where A 
is the cross sectional area of the core), the oscilloscope 
vertical deflection is also proportional to 8. 

The net result of the signals applied to the horizontal and 
vertical deflection systems is to produce patterns similar to 
those indicated. Vertical deflection is proportional to B 
and horizontal deflection is proportional to H. 

If it is desired to determine qualitative measurements of a 
transformer core from the oscilloscope display, the pro
portionality constants relating the horizontal and vertical de
flections to H and B must be determined (see page 4-4). 
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Transformer or 

e, 

N, 

1-10 l1 

e t 
Current proportional 

to H 

l----l----l----1411:··-I----I----I 
(al Three levels of supply voltage to 

an inductor. 

l----l----l----l--ft---l----l----1--1----1 
(bl Same inductor, indicating residual 

magnetism. 

d0 

dt 

R; 

c, 

To Vertical 

Amplifier 

Use INTEGRATOR LF REJECT 1 CPS 

To Horizontal 
Amplifier 

H+-l---l~----1----1----1----i 
(cl Top: Normal B-H curve. 

Bottom: Small de offset bias effect. 

f--1----1----1----1---1----1---1----1 
( d J Normal B-H curve compared with 

case of one shorted turn. 

28. Displaying B-H Curves for Magnetic Materials 

ADDITIONAL APPLICATIONS 

The following applications are in schematic form only, offering suggestions for other uses of the Type O Unit. 

A. Bistable Multivibrator 

3-18 

+60 

-60~-

10 k 

Zener 

Diodes 

1 meg 

z, 

I' 

B. Free-running Multivibrator 

®I 



Gain= -

High-freq. 

Response 

C 
"ii 
C> 

f., = 

R, 

R, 

R; 

C. Bandpass amplifier 

e; 

C 

R, 

21rR, C, 
cps 

.1 meg 

e,- --~----¼---
I I l I I I I I I 

eo - --~~ __ --~ __ _ 

E. Full-wave rectifier 

e; 

1 meg 

Positive br 

G. DC Slideback amplifier 

meg 

R, 

Gain= -
R, 

R, 

0 

eo 

eo 
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.001 

R, c, 

meg 

e, 

R, 900 k f1 = 
2 1r R, C1 

f,= 
2 1r R, C, 

R, 
-R, 

R, 
R, + R, 

I \ CX10l 

C CXll 
"ii 
C> 

CX.ll 
'----,------r-------- Freq. 

f1 

( 15.9 c sl 

D. Special Bandpass amplifier 

* Any signal 

diodes, such 

as T13G 

.2 meg 

F. Simple non-linear amplifier 

2R 2R 
e; 

I 

eo == -

H. Double integrator 

f, 

( 159 c sl 

.2 meg 

en 

cps 

cps 

eo 
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Additional equipment that might be used for various 
applications of the Type O Unit is shown in the pictures 
following. Most of this equipment can be purchased 
locally. 

NOTE 

To use some of the equipment shown it will be 
necessary to use a BNC to UHF adapter. 

Several of the applications in this section have been 
constructed into front-panel plug-on adapters. The adapters 
have circuitry similar to the numbered application which 
follows the adapter name. 

Fig. 3-4. 

013-010 129-001 129-045 

... 
,, 

' 
134-016 134-013 134-014 

Fig. 3-5 

3-20 

Log Adapter (13)- Tektronix Part Number 013-067 

Gating Adapter (22)- Tektronix Part Number 013-068 

Compensating Adapter - Tektronix Part Number 013-081 

Leakage Current Adapter (19) - Tektronix Part Number 
013-068 

To provide independent operation of Type O Plug-In 
Units, the Type 132 or 133 Plug-In Unit Power Supply may 
be used. This will allow for a more versatile system. The 
Type 133 has a high current output. 

For additional information contact your local Tektronix 
Representative. 

Fig. 3-6 . 

Fig. 3-7. 



SELF-RESETTING STAIRSTEP GENERATOR 

FOR USE WITH TEKTRONIX TYPE O PLUG-IN UNIT 

For stepping the position of a waveform displayed on a Tektronix Type 564 storage oscillo
scope, a self-resetting stairstep generator may be constructed for use with the Type 0 
plug-in or other operational amplifier. The stoirstep voltage available from the output 
may be either mixed directly with the incoming signal, or (preferred) introduced into the 
negative input of a differential amplifier. The stepping signal may also be introduced 
into the DC Balance or Position circuit of a non-differential input plug-in, if necessary. 
Since the Type O plug-in cannot be operated from the Type 564 power supplies, the use 
of a Type 132 or 133 power supply is suggested. The stepping command required may be 
obtained from the internal gating signal in a 2867, 3B1 or 383 Time Base plug-in. The 
reset pulse capacitively coupled from the stairstep generator may be used as the 11erase 11 

command for the Type RM564. 

The stair-step generator may also be used as a pulse counter or incremental ramp generator. 

Operational Amplifier Reguirements: Nearly any operational amplifier may be used which 
provides for simultaneous access to both plus and minus grids. For a given operational 
amp I ifier, the I imiting factors wil I be available voltage and current output swing, and 
grid-current. The latter wil I affect drift and hence the maximum useful duration of any 
one step. · 

Signals: Suggested component values provide a ramp of 15v peak, with the number of steps 
continuously variable from 2 to 200 or more, using the O-Unit 1s internal Zf capacitors, 
The required step command is a 20 to 25 volt gate waveform from a source impedance of 
5 k or less for its negative-going portion. A higher source impedance may be used, but the 
time required to complete the step transition may become excessively long. Component 
selection al lows the use of nearly any step-command waveform greater than about 1. 5 
volt. For uniform steps, the step-command must be of uniform amplitude and the duration 
of its negative portion at least (3 x 103)(C1) seconds. 

Construction Details (Refer to schematic diagram and parts I ist fpr components discussed): 
The stairstep generator may be constructed in a Tektronix 013-048 terminal adapter assembly 
for use on the Type O plug-in or any other operational amplifier with the same terminal 
arrangement. The cam at the right of the adapter assembly should be turned so that the 
11±Grid 11 switch (Type O) is forced to the 11+Grid 11 position when the adapter is installed. 
Use of cm AB Type G or similar (miniature) potentiometer for the 10-1 variable steps-per
ramp control allows mounting in one of the connector holes in the adapter. Wiring may be 
done point-to-point. It is helpful to run a heavy wire ground-bus from right to left in the 
assembly, just under the cover, to provide the seven ground connections needed, plus 
convenient component mounting (see sketch). 

~ Copyright 1964 Tektronix, Inc. 
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Selection of C1, Cf and R5: 

If the Type O plug-in is used, Cf may be selected by the O-Unit's Zf control for any decade 
value from l0pf to l µf. For operational amplifiers without internal feedback components, 
0.1 µf is a good starting value. The value of Cf, grid-current, and leakage of D2, D3 and 
D4 wi II determine the drift rate between steps. 

It is recommended that R5 be selected for a ramp amp I itude in the range of 10 to 25 volts. 
A smaller voltage range wi 11 show proportionally greater drift; a larger range requires a 
more expensive transistor. The output can be attenuated as desired externally. To select 
R5, divide the desired peak output voltage of the ramp by 2 .2 x 10-3. 

The minimum number of steps per ramp is determined by the voltage amplitude of the input 
pulse or gate divided into the peak output voltage, that ratio multiplied by Cf/Ci: 

Steps perramp :;: ( :~¥ ~~ ~ 
Approximately 10 times this number of steps per ramp will be secured. when R1 is set to mini
mum. If the input pulse is 25 v, the output ramp is to be 15 v, Cf is to be 0. 1 µf, and a 
minimum of 5 steps per ramp is required, 

C1 = 
(Ee)(Cf) 
(Ei n) (Steps) 

= {15H0. 1} 
(25) (5) 

= .012µf. 

The value of C1 required will be slightly higher because of the forward drop ("400mv) in D1 
during charging of C1 and the forward drop (~700 mv) in D2 when transferring the charge to 
Cf. The suggested value is .033 µf, which provides 2-200 steps using 0. 1 µf and 1 .0 µf values 
for Cf if Ein is 25v. 

The time required for the operational amplifier to reset the ramp is determined by the peak 
voltage, the Cf value selected and the maximum current the operational amplifier can 
supply in the negative-going direction. In the case of the O-unit, this is somewhat greater 
than the 5ma available for steady-state operational accuracy, and amounts to about 12.5ma. 
Operational amplifiers having a PNP emitter-follower output should have a current-limiting 
resistor between the output and Cf. 

The same circuit can be made to provide a negative-going staircase (reverse all diodes and 
use a PNP transistor) but some means should be employed to limit output current during reset. 



-~-

PARTS UST 

C1 .033 µf (See construction notes) Rl 5 k pot, miniature 

C2 .001 µf discap 200v 10% 283-067 R2 560Q 1/2w 10% 

Cf Selected by 0-unit Zf control R3 1 M 1/2w 10% 

R4 10k 1/2w 10% 

D1 Tl 2G General purpose, Ge 152-008 R5* 8 .2 k 1/2w 10% 

D2 6045 low leakage, Si 152-045 

D3 6045**1' Ii 
II II ii Ql 2N 1308** 

D4 ii ii II I! II 

D5 
II GI II II 61 Enclosure. 0-Unit 

D6 T12G 152-008 Terminal Adapter Assy 

D7 6045 152-045 

Da TD-2 2.2ma Tunnel Diode 152 .. 081 Knob (if desired) 

Notes: * For 15v p-p stairstep. Select larger value for higher Ep. 

** If stairstep Ep > 25 v, use germanium transistor with higher V cbo • 

*** T13G, 152-005, may be used if Cf ~0.1 f,lf. 

CONSTRUCTION SUGGESTION: 

Use long 1overhead 1 ground bus 
for component mounting. 

311-310 

302-561 

302-105 
302-103 

302-822 

151-072 

013-048 

366-085 
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Theory: A negative charge is applied to D2, which charge is transferred to Cf by the 
operational amplifier to provide a voltage step at the output. The charge in the circuit 
shown ls the charge in C1 developed during the 11on 11 time of the plus-gate of the oscillo
scope with which the stairstep is used. The charge is transferred to Cf during the interval 
between sweeps. The amount of voltage developed across Cf for each step is dependent 
on the +gate amp I itude, the setting of R 1 and the ratio Cj/Cf. 

The positive going ramp provides both collector voltage for 01 and current for the tunnel 
diode Da which is normally in the quiescent state. When the ramp reaches the amplitude 
at which the current through R5 and Da reaches 2. 2 ma, the tunnel diode switches to its 
high voltage state (+500mv approx), turning on 01. The collector of 01 snaps sharply 
negative. This negative-going step is coupled to the +Grid of the operational amplifier 
via C2 and D5, causing the output to fall negative. The negative transistion at the output 
is also coupled via C2 and D5 to the positive grid, completing a regenerative loop and 
forcing the output to continue falling even when Da has reverted to its low voltage state 
and 01 is turned off. Da and Q1, then, only trigger the reset; the 11work 11 is done by the 
operational amplifier. 

Diode D3 prevents the falling output from driving the -grid negative and canceling the re
generative action; D4 catches the output when it reaches ground potential. Diode D7 pre-
vents the collector of 01 from being driven negative. · 

The negative transition drives the left hand end of C2 to approximately -15 volts. It then 
recovers to ground potential via the C2R3 time-constant. Until the +grid recovers to O volts 
and D5 disconnects, further input pulses to the -grid are shunted to ground via D3 and do 
not charge the stairstep. This provides a natural holdoff action. The circuit comes out of 
holdoff with a sharp regenerated step to O v. 

Geoff Gass, 2-15-65 
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TECHNIQUES 

PHOTO CATHODE RESPONSE MEASUREMENT 
IS TOMER FIELD ENGINEER 

CHUCK BEt-!DER 
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RESEARCH 

Lt. Bruce is trying to run so~e normalized responses from the output 
of a string of photo cathodes. His pulse outputs are two general 
leve~ 1~pproximately 20 MV and 200 MV. He would 1 ike to display the 
ratio of these pulses on a CRT. I suggested that he take the log 
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General 

Information in this section of the manual is intended 
to provide some understanding of the theory of operational 
amplifiers. In addition, derivations presented in this section 
support some of the formulas that appear throughout other 
sections of this manual. 

Operational Amplifier 

An operational amplifier is basically a high-gain de 
amplifier with feedback. The feedback elements selected 
permit the amplifier to perform various operations such 
as amplification by a constant factor, integration, differ
entiation, summation, etc. In conventional operational ampli
fiers, the feedback is negative. However, the operational 
amplifiers in the Type O Unit also permit positive feedback, 
thereby increasing the number of possible applications. 

Generalized Feedback Arrangement 

In the feedback operational amplifier shown in Fig 4-1, 
the summation of input and feedback currents is equal to 
zero at the input grid (assuming the input grid current 1s 
negligible), or 

From Fig. 4-1 we find that 

. _ e; - e9 
/1----

Z; 

and . _ eo - e9 • 
/z----

Zt 

ii+b=O 
e 0 ==eg A 

Fig. 4-1. Generalized feedback circuit. 

®I 

(1) 

(2) 

(3) 

SECTION 4 

THEORY OF 

OPERATIONAL 

AMPLIFIERS 
Substituting these values for 11 and 12 into equation (1), 

we have 

eo - eg _ 0 
+ Zt - . (4) 

Since e9 = e 0 / A (where A is the open-loop gain, a nega
tive number), equation (4) becomes 

eo eo 
e;-A eo-A 

0. 
Z; + Zt 

Rewriting equation (5): 

e; eo 
+ 

eo eo 
Z; l; A Zt Zt A 

Then 

Solving for e 0 : 

eo = -~[ Z; 7 

The gain of a closed-loop amplifier is 

0. 

e; 

Z;. 

(5) 

(5) 

(6) 

(7) 

- !:!___[ 7 1(8) 
z, 1 -+(' + * )j G =~ 

e; 

Error Factor term. 

Virtual Ground at the - Grid 

(The concept of a virtual ground applies only when the 
+grid is grounded.) 

An operational amplifier with negative feedback tends to 
maintain a very small voltage change at the - grid ter
minal. Insofar as circuit behavior is concerned, it will ap
pear as if a very low impedance is placed between the 
- grid and ground; it is considered a "virtual ground". 

To find the equivalent impedance at the - grid (Z9) refer 
to Fig. 4-1 again, where e9 = e 0 / A. 

4-1 
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Assuming the - grid current to be negligible, the cur
rent entering the virtual ground terminal is equal to the 
current through Z1: 

eo 
A eo 

eg eo 
lz 

Z1 Z1 
(9) 

and 

eo 

A 
- eo 

l1 - lz 
Z1 

(10) 

The equivalent impedance looking into the - grid 1s 
obtained by dividing e9 by i1, or 

eo 

lg ~ 
A Z1 (11) 

/1 eo 1-A 
T- eo 

Z1 

Fig. 4-1 can now be redrawn as Fig. 4-2, with the feed
back resistor Z1 replaced by the equivalent resistance it 
creates, Z9, as shown at the - grid terminal. 

Virtual 
Ground 

eg 

z, 
1-A 

Fig. 4-2. Equivalent virtual ground impedance al the - grid. 

Grid Current Calculations 

eo 

With no external resistor between the grid and ground, 
and with a capacitor in the Z1 position, the rate, polarity, 
and amount of change in amplifier output voltage deter
mines the grid current. Fig. 4-3 illustrates a typical grid 
current measurement setup; the principle is valid for either 
the - grid or the + grid. 

Grid current is measured by essentially measuring the 
charge stored by capacitor C in a given time after S1 is 
opened. 

4-2 

q = Ce; then, with C constant, 

. de 
1 = C -- or 

dt I 

i=C 

(12) 

(13) 

C 

(al Measuring - GRID current. 

C 

(bl Measuring + GRID current. 

Fig. 4-3. Typical grid current measurement circuits. 

If C in Fig. 4-3 is .001 ,u,f, then 

. 0 6 6.e 
1 = .001 X JO-- = 

6./ 

6.e 

6./ 
nanoamperes. 

80 

eo 

If the capacitor voltage (after opening S1) changes 2.5 
volts in 5 seconds, the current is 0.5 nanoampere. 

Combined Operations 

The two operational amplifiers in the Type O Unit per
mit combined operations to be performed. For example, 
a signal can be amplified by a desired constant using one 
amplifier, and its output can be applied to the other for 
integration or differentiation. 

Both operational amplifiers have zero input and output 
no-signal de levels, permitting the amplifiers to be stacked. 
Stacking permits their operations to be combined, greatly 
increasing their applications. 

® 



FORMULA DERIVATION 

The remainder of this section is used for the derivation 
of formulas employed in the Typical Applications portion of 
Section 3. 

Amplification by a Constant 

Application 1 shows an amplifier circuit. Both the input 
and feedback components are resistors. The concept of a 
virtual ground at the amplifier input is used in the follow
ing expression for the circuit gain. 

The total current entering and leaving the iunction at the 
- grid must be equal to zero. If we consider the grid 
current to be negligible (a good approximation of the actual 
case), then all current entering the iunction through R; must 
leave through R1. The current through R; must therefore be 
e;/ R;. Because of the virtual ground at the - grid, the out
put from the amplifier is the voltage across R1. The output 
voltage 

where the - sign results from the direction of the current 
through R1. The gain of the amplifier is then 

G=~ 
e; R; 

Thus, the gain depends only on the input and feedback 
resistances. The gain can therefore be controlled by adiust
ing the ratio of R1 to R;. In a practical application, use the 
desired gain to find the ratio of R1 to R; and then select 
appropriate values to give this ratio. In many cases you 
can obtain the required ratio by means of the internal Z; 
and Z1 resistors. In other cases it will be necessary to use 
extern a I resistors. 

Integration 

Application 2 shows an operational amplifier used for 
integration. The circuit is the same as for amplification ex
cept that R1 is replaced by a capacitor. Using the con
cept of the virtual ground, the current through R; is found 
to be e;/ R;. Assuming the grid current to be negligible, 
the current through R; charges the feedback capacitor. The 
output of the amplifier is essentially the voltage across the 
capacitor, again because of the virtual ground at the grid 
of the amplifier. The voltage across the capacitor (and also 
the output voltage) is 

e = - - 1-f· dt 
0 C1 I 

but since i = e;/ R;, it can be written as 

eo = - R; 7C1 f; dt. 

Thus, the output voltage of the amplifier is proportional to 
the integral of the input voltage. The proportionality con
stant 7 /R;C1 gives the scaling of the output voltage. In a 
practical application, the values of R; and C1 must be chosen 
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to provide a useful output. If the values of either or both 
R; and C1 are decreased, the output of the integrator will 
increase. The value of R; includes any internal resistance of 
the signal source and the virtual ground resistance at the 
input grid. 

A good starting point in a practical problem is to let the 
R;C1 product equal (approximately) the period of the wave
form to be integrated. This choice generally results in a 
satisfactory output voltage. 

Integration tends to eliminate the high-frequency com
ponents in a waveform. This is because the output voltage 
from the integrator is inversely proportional to the fre
quency of the input. This can be seen if we assume a 
sinusoidal input waveform of the form e; = E sin wt. Sub
stituting for e; in the preceding equation: 

eo = - R;) Ci f sin wt dt 

E 
eo = ---- cos wt 

R; C1 w 

where E is the peak amplitude, w is the angular frequency, 
and I is time. 

This equation shows that the output voltage is inversely 
proportional to the frequency of the input signal. 

It should be noted that the output voltage is leading the 
input by exactly 90°. Thus the integrator can be used as 
a 90° phase shifter for sinusoidal input signals. 

The gain of an integrator circuit as a function of fre
quency is determined by 

E 

G=~ 
e; 

Differentiation 

The circuit for differentiation is shown in application 3. 
The input component is a capacitor and the feedback com
ponent is a resistor. Since the - grid is at virtual ground, 
the current through the capacitor at the input is 

·-c de; 
I - i df . 

The output voltage 1s the voltage across the feedback 
resistor: 

Substituting for i in the above equation: 

de· 
e = -R1C --' 

0 I dt 

The output voltage of the differentiation circuit shown 
in application 3 is directly proportional to frequency. This 
is apparent if we assume an input signal of the form 
e; = E sin wt. Substituting in the preceding equation for e;: 

e = - R1 C _!!_ (E sin wt) 
0 I dt 

eo = - R1 C; E w cos wt. 
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The output voltage is thus proportional to frequency 
((J) = 21rf) and is shifted 90° with respect to the input signal. 
This permits use of the differentiator as a 90° phase shifter 
and as a frequency-to-voltage converter as described in 
application 17. 

Summation 

Application 4 shows the circuit for a summing amplifier. 
Because of the virtual ground at the - grid, the current in 
the total R; network is 

+ ~... + 
Rn 

The output voltage of the summing amplifier 1s obtained 
by multiplying Rf by the cwrrent through it. 

. L Rf Rf Rf 
e 0 = - , Rf= -Vi e1 + ~ e2 + Ri ei 

+ :: e4 . . . + :: e)-

Any of the input voltages may be amplified by a con
stant before the summation is made. In the special case 
where 

R1 = R2 = Ri = R4 =Rn= Rf 

the equation reduces to 

eo = - (e1 + 0z + e3 + e4 .. · + en!-

Displaying B-H Curves for Magnetic Materials 

The circuit for displaying B-H curves for magnetic mate
rials is illustrated as application 28. The magnetizing force 
H and the flux density B of a magnetic sample can be cal
culated from the fol lowing. 

H: Magnetizing Force 

The relation between H and the current in a magnetic 
core is given by 

H=~ 
l 

where H is the magnetizing force in ampere-turns per meter, 
N 1 is the number of turns in the primary winding, i is the 
primary current in amperes, and l is the mean length of the 
magnetic path in meters. 

The voltage across the current sampling resistor is due 
to the primary current through it. This current is equal to 
e/r, where e is the voltage across r applied to the horizontal 
deflection system of the oscilloscope. Substituting for i 
in the equation: 

H=~ 
Zr 

The voltage e can be determined from the calibrated 
horizontal deflection factors of the oscilloscope. Since all 
other factors are known, H can then be determined. 
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cf,: Flux 

The secondary voltage of the transformer e2 is given by 

where N2 is the number of secondary turns in the trans
former, and dcp/dt is the time rate of change of flux. Since 

d ez cp=Mdt, 

If the secondary voltage of the transformer is applied 
to the O Unit integrator circuit, the output voltage from 
the integrator is 

eo = - R;)Ci fe2 dt. 

It can be resolved from the preceding equations that 

N2 
eo = - --- cp and 

R; C1 

R; C1 

N2 
cp=-

The output voltage from the integrator circuit e 0 can be 
measured from the oscilloscope display by means of the 
calibrated vertical deflection factors. Since all other factors 
are known, the flux can be calculated. 

B: Flux Density 

The flux density B is the total flux cp divided by the 
cross sectional area A, or B = cp/A. The cross sectional 
area of the core can be determined from its physical 
dimensions. Substituting for cp in the preceding equation 
and solving for B: 

B = - __!iS_ 
N2 A eo · 

It is therefore possible to determine both H and B from 
the oscilloscope display and the constants of the parti
cular configuration. 
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General 

This section of the manual describes the Type O Uni1 
circuitry with reference to the block diagram and schematics 
in Section 9. 

Block Diagram 

The block diagram shows that the output of the two opera
tional amplifiers and the external input signals are indivi
dually applied to the VERTICAL DISPLAY switch. The switch 
selects the desired input and applies it to a step attenuator. 
The attenuator reduces the signal to the required level before 
it is applied to the amplifier stages. The output of the 
amplifiers is then applied to the vertical amplifier of the 
osci I loscope. 

Preamplifier 

Input signals to the preamplifier are selected by the 
VERTICAL DISPLAY switch. Signals are then applied through 
the ZERO CHECK switch to the VOLTS/CM switch and its 
attenuator. The ZERO CHECK switch allows input signals 
to be quickly disconnected so that the zero-signal de level 
of the preamplifier can be determined. 

The VOLTS/CM switch attenuators are frequency-compen
sated voltage dividers that reduce the input signal amplitude 
to a level suitable for driving the grids of the input stage. 
Each attenuator presents an input impedance of 1 megohm 
paralleled by 47 pf, regardless of signal frequency. The 
frequency compensation is accomplished by a variable 
capacitor across the input resistor of each divider. The in
put capacitance is adjusted with a variable capacitor in 
parallel with both resistors of the divider. In the X 2 atten
uator, for example, these capacitors are C6508C and C6508B, 
respectively. 

No attenuator is used in the .05 position of the VOLTS/CM 
switch. The preamplifier input capacitance in this position 
is adjusted to 47 pf by means of either C6521 or C6541, de
pending on whether the VERTICAL DISPLAY switch is set to 
a + or - position. 

Input signals from the attenuator are applied to the grid 
of either V6524 or V6544 depending on the setting of the 
VERTICAL DISPLAY switch. Positive-going signals applied 
to the grid of V6524 appear on the oscilloscope crt in the 
normal position. Positive-going signals applied to the grid 
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CIRCUIT 

DESCRIPTION 

of V6544 are inverted. Resistor R6518 prevents excessive 
input tube grid current if a large positive signal is applied 
to the input without attenuation. C6518 prevents R6518 from 
affecting the high-frequency response of the amplifier. 

The input stage of the preamplifier, V6524 and V6544, 1s 
a cathode-coupled paraphase amplifier. The signal is 
applied to one grid, and the other grid is at ac ground at 
all times. Cathode coupling produces equal and opposite 
[push-pull) output signals. The VARIABLE control R6530 (con
centric with the VOLTS/CM switch), varies the cathode de
generation and hence the stage gain. With the VARIABLE 
control at its detent position (minimum resistance), the GAIN 
ADJ. control R6536 is used to set the preamplifier maxi
mum gain by varying the total cathode current. 

The DC BAL. control R6533 permits an exact balance in 
de cathode currents of V6524 and V6544. This prevents any 
change in de voltage at the cathodes of V6524 and V6544 
when the VARIABLE control is rotated. When the DC BAL. 
control is adjusted correctly, the crt trace will not shift verti
cally when the VARIABLE control is rotated. 

The push-pull output of the paraphase amplifier is applied 
directly to the bases of output amplifier transistors, Q6564 
and Q6574. The output amplifier is a difference amplifier 
with emitter coupling. The emitter-coupling network employs 
a time constant equal and opposite to the transistor thermal 
time constant, providing low-frequency gain stabilization. 
The collector circuits contain networks to improve the high
frequency response of the amplifier. L6564 and L657 4 peak
ing coils are adjustable, permitting proper collector circuit 
compensation for the capacitance of the interconnecting 
plug and the oscilloscope main-unit vertical amplifier. 

The preamplifier input capacitance is stabilized against 
changes in the setting of the VARIABLE VOLTS/CM control 
by neutralization from the collectors of Q6564 and Q6574 
to the grids of V6524 and V6544. When a signal is applied 
to the grid of V6524, for example, the collector voltage of 
Q6564 changes in the same direction as the cathode of 
V6524. When the VARIABLE control is rotated, increasing its 
resistance, the signal voltage appearing at the cathode of 
V6524 will increase while the signal voltage appearing at 
the cathode of V6544 will decrease. When neutralizing 
capacitor C657 4 is properly adjusted, the change in effec
tive capacitance between the grid and cathode of V6524 
will be offset by the opposite change in effective capaci
tance between the grid of V6524 and the collector of Q6564. 
The net result is that the effective input capacitance re
mains constant. The same effect is produced on the other 
side of the amplifier when the signal is applied to the grid 
of V6544. 
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Circuit Description - Type 0 

Operational Amplifiers 

Since the two operational amplifiers are identical, only 
the Amplifier A will be discussed. 

Input signals to the operational amplifier are normally 
applied through the A INPUT connector on the front panel 
of the unit. The signals are then connected through the 
input impedance selected by the Z; SELECTOR switch to the 
grid of V5524. Or, the input signals may be applied directly 
to the grid through the - GRID connector (or the + GRID 
connector, providing the + GRID SEL switch is in the (-) 
position). Signals connected directly to the -GRID con
nector bypass the Z; SELECTOR switch. 

Tubes V5524 and V5534 comprise an input difference 
amplifier stage. Signals applied to the grid of V5524 (the 
-grid) are inverted at the A OUTPUT connector while 
signals applied to the grid of V5534 (the + grid) are not 
inverted. Signals applied to either grid are amplified and 
applied from the plate of V5524 to the bootstrap cathode 
follower V5543A. The polarity of the signal at the grid of 
V5543A depends upon the polarity of the input and on 
whether the signal is applied to the + or - grid. 

Type O plug-ins from serial number 814 and up have 
the Zener diodes replaced by more temperature-stable 
components. 

Zener diode D5528 has been replaced by the combina
tion of 05523 and V5539. In the later circuit the voltage 
regulator tube V5539 sets the base-to-collector voltage 
of 05523. V5539 is maintained in a conducting state by 
current supplied through R5539 from the -150 volt supply. 
The emitter voltage of 05523 will follow the base voltage 
so that from emitter to collector, the transistor will have a 
voltage across it of about 82 volts. 

With a constant voltage established across the trans
sistor the current through the transistor will be constant. 
The percent of drift per degree centigrade is less for both 
the voltage regulator tube and the transistor than it is 
for the Zener diode. This circuit will therefore provide 
extremely good stability with temperature changes. 

At serial number 814 Zener diode D5529 was replaced 
by the series combination of D5529 (a smaller voltage 
Zener diode) and V5529. V5529 is a voltage regulator tube 
which has a very small percentage of drift per degree. 
D5529 has been installed in series with V5529 to provide 
the proper voltage. 

The temperature stability of a Zener diode improves 
as the voltage rating of the Zener diode approaches five 
or six volts, hence this circuit will have very good stability 
with a temperature change. 

The plate load resistors of V5524 are part of a bootstrap 
circuit driven by the cathode of V5543A through 05523 
(Zener diode D5528) and capacitor C5528. The bootstrap 
circuit makes the plate load resistors of V5524 appear 
larger than they actually are, and the supply voltage 
(+350 v) much higher than it actually is. This permits the 
plate voltage of V5524 to rise and fall with almost no 
change in plate current. 

V5543A also drives the grid of the output cathode follower 
V5543B through V5529, D5529 (Zener diode D5529) and 
capacitor C5529. Any voltage change at the cathode of 
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V5543A is coupled to the grid of V5543B without attenua
tion. D5529 assures that the A OUTPUT connector voltage 
can be set at ground. 

The open-loop gain of this system is less than 2500. To 
increase the gain, a small amount of positive feedback is 
applied from the A OUTPUT terminal to the cathodes of the 
input stage through R5547 and the OPEN LOOP GAIN A 
control R5548. 

To assure that the A OUTPUT connector voltage can be 
set at ground, the screen voltage in the input stage is adjust
able. The DC LEVEL RANGE A control (internal adjustment) 
and the front-panel OUTPUT DC LEVEL control permit the 
screen voltage of one of the input tubes to be raised while 
the screen voltage of the other tube is lowered. Thus the 
conduction of V5524 can be changed to suit the required 
ground level output voltage when there is no input signal. 

The front-panel OUTPUT DC LEVEL ADJ. switch, SW5520, 
al lows the output de level of the operational amplifier to 
be adjusted to ground even when input circuits and signals 
are connected. SW5520 disconnects all input circuitry to the 
amplifier and switches in a feedback network that makes 
the operational amplifier gain 100. The 100 X gain permits 
the operator to make the OUTPUT DC LEVEL adjustments 
with good display resolution. 

A second form of screen voltage adjustment of the input 
tubes permits the selection of the amplifier operating condi
tions that are required for minimum grid current. Minimum 
grid current occurs when the operating bias of the input 
tubes is adjusted to the correct value. A limited adjust
ment range for the screen voltage of the input amplifier 
(an adjustment that changes both screen voltages equally), 
assures that the proper operating conditions for minimum 
grid current can be obtained. By adjustment of the GRID 
CURRENT A control, R5535, the input stage operating bias 
can be changed to the optimum value without appreciably 
affecting the system gain. Since the V5524 plate circuit is 
a bootstrap system, a change in the bias caused by a small 
change in the screen voltage will not significantly disturb 
the output de level. 

When an operational amplifier is connected for integra
tion, normal amplifier drift and small de components of the 
signal will also be integrated. The result is that the dis
play will be slowly forced off the crt. To prevent this, a 
special feedback network can be switched in series with 
the integrator Z1 component. The special network is com
posed of R5514, R5515, C5514, and C5515. With the front
panel INTEGRATOR LF REJECT switch in either the 1 CPS or 
1 KC position, any de or low-frequency changes at the A 
OUTPUT connector are applied through the feedback net
work to the grid of V5524, restoring the trace position on 
the crt. The high-frequency components of the integrated 
signal are not fed back to the grid of V5524. 

By means of the INTEGRATOR LF REJECT switch, the 
time constant of the feedback network can be selected. In 
the 1 CPS position, the time constant of the feedback net
work is about 1 second. Signals much above l cps are not 
fed back to the grid of V5524. In the 1 KC position, the 
time constant is about 1 millisecond. In this case signals 
much above 1 kc are not fed back to the grid of V5524. 
The 1 KC position can be used to prevent the integration of 
line-frequency hum pickup or other noises, while still per
mitting the integration of desired signals above 1 kc. 
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Operational amplifiers a re i m por
tant in measurements and R&D work. 
Capable of simulating a variety of 
circuits, they can be used to add, 
subtract, differentiate, integrate 
or amplify either linearly or with 
controlled non Ii near coefficients, 
under signal conditions. Here is 
a chance to learn how they work. 

0PERAT10N AL AMPLIFIERS are devices which make 
use of negative feedback to process signals with a 
high degree of accuracy. This accuracy is limited in 
the ideal case only by tolerances in the values of the 
passive elements in the input and feedback networks. 

An operational amplifier is a high-gain amplifier 
designed to · remain stable with large amounts of 
negative feedback from output to input. 

General-purpose types are useful for linear ampli
fication with precise values of gain, and for accurate 
integration and differentiation operations. These have 
low output impedance and are de-coupled, with the 
output de level at ground potential. 

• • • 
To obtain negative feedback from the output to the 

input, the output must bt inverted with respect to 
· the input. Negative feedback (Z 1, Fig. lb )-through 
a resistor, capacitor, inductor, network or nonlinear 
impedance- is applied from the output to the input. 
The input to which negative feedback is applied is 
generally termed -input or - grid. 

An operational amplifier, using negative feedback, 
operates like a self-balancing bridge. It provides 
whatever current is needed through the feedback ele
ment to hold the -input at null (ground potential). 
The output signal is a function of this current and 
the impedance of the feedback element. 

The -input, held to ground potential by the feed
back current, appears as a low impedance to any 
signal source. Using resistive feedback, for instance, 
the input appears to be the resistance of the feedback 
element, divided by the open-circuit gain of the 
amplifier. 

If current is applied to the -input, it would tend 
to develop voltage across the impedance of the feed
back element, and move the -input away from 
ground. The output, however, swings in the opposite 
direction, providing current to balance the input cur
rent and hold the - input at ground. If the feedback 
element impedance is high, the output voltage must 
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become quite high to provide enough current to bal
ance even a small input current. 

Since, usually, we are concerned with voltage 
rather than current signals, an additional element is 
used in most applications ; input impedance z,. This 
impedance, in series with the -input, converts into 
current that parameter of the input signal appearing 
as voltage at the output; · Fig. le. 

Voltage Amplifier 

If z, and Z1 are both resistors (Fig. 2), the opera
tional amplifier becomes a simple voltage amplifier, 
the gain of which is -Ztf Z,. 

When a voltage is applied to A in Fig. 2, current 
flows through Zi, Were it not for the amplifier, this 
current would also flow through Z I and to ground 
through the low impedance at C; z, and Z1 would 
then operate as a voltage divider, raising the voltage 
at B. But, the amplifier serves to hold the voltage 
at B (-input) at ground potential. To insure such 
operation, the amplifier must supply a voltage at C 
so that current through Z1 exactly equals the current 
flowing through Zi. When B is thus held at ground 
potential, the voltage across z, is obviously equal to 
the applied voltage at A. 

The current through z, is equal to the applied 
voltage at A divided by the impedance ( in this case, 
resistance) of Zi, or Bini z,.. This identical value of 
current must flow through Z I to keep B at ground. 
The voltage at C, then, must be_ E,,,,I z, ( the value of 
current in Z 1) multiplied by Z 1• The output is in-

verted from the input; thus Eoul = (- Ein ) ( ;~ ), 

and the voltage gain of this amplifier setup is 
-ZtfZ,. 

Differentiation 

Earlier, it was noted that an operational amplifier 
with a resistor as a feedback element responds with 
an output voltage equal to the product of the input 
current and the feedback resistance. Now let us see 
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what happens if a capacitor 1s used instead of re
sistor Zi; Fig. 3. 

The current through a capacitor · is proportional to 
the rate-of-change of the vol~age across the capaci
tor. A steady state de voltage across a capacitor 
( assuming an ideal capacitor) passes no current 
through the capacitor, and thus no balancing current 
need be furnished by the output to hold the -input 
of the amplifier at ground. Output voltage then is 
zero. 

If the voltage at the input is changed, however, the 
change causes a current to flow through the capacitor. 
Amount of current that flows is directly proportional 
to the capacitance times the rate -of-chang e of the 
input voltage. 

To show this, let us assume that the potential at 
the input is + 100 vdc, and it is changed smoothly to 
+95 vdc in 5 sec. This represents a rate-of-change 
')f 1 v / sec, the change taking place over a period of 
5 sec. If the value of Zi is 1 µf, then, a current of 
- 1 µa will flow through Zi for that 5-sec period. 

The amplifier will cause an equal and opposite 
current to flow in Z 1. If a value of 1 megohm were 
selected for Z1, the 1 µa necessary to balance the cir

. cuit will require + 1 v to appear at the output during 
the time 1 µa flows through the capacitor. 

This operation is differentiation : sensing the rate
of-change of an input voltage, and providing an out
put voltage proportional to that rate-of-change. 

The actual relationship of output to input is : 

( dEi,.) l l . Eaut = - _d_l _ (RC), w 1ere t 1e express10n 

d E;:,i dt indicates the rate-of-change ( in volts-per
seconcl) of the input signal at any given instant, and 
R and C are Z 1 and Zi, respectively. 

In our example, a constant rate of change was used 
and a constant voltage level out was obtained. Had 
the rate been less even, the output signal would have 
shown this dramatically with wide variations in ampli~ 
tude. The differentiator senses both the rate and 
direction of change. It is very useful in detecting 
small variations of slope or discontinuities in wave
forms. 

Integration 

If the resistor and capacitor used for differentia
tion were interchanged, a resistor used for Zi and a 
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capacitor for Z1 ( Fig. 4), the characteristics would 
be exactly opposite. While in differentiation an out
put voltage proportionai' to the rate-of-change of the 
input was obtained, by interchanging the resistor and 
capacitor, the output signal becomes a rate-of-change 
proportional to the input voltage. 

This characteristic permits the use of the opera
tional amplifier for' ' integration. This is because the 
instantaneous value of the output voltage at any time 
is a measure of both amplit:ude; and duration ( up to 
that instant) of the input signal. 

ln the operational amplifier, integration operate; 
in the following manner: Let us assume the condi
tions where Zi = 1 meg, and Z1 = 1 µf, and the 
input signal level is O v. No current flows through 
Zi; thus, no balancing current is needed through Z-1. 

Suppose now a de voltage of -1 v is applied to Zi. 
This will cause a current of -1 µa to flow in Zi, and 
the amplifier will have to provide a balancing cur
rent thtough Z1. To obtain a steady current of 1 µa 
through 1 µf, a continually rising voltage will be 
needed at the output, the rate of rise being 1 v / sec. 
This rate of rise will continue until the input voltage 
is changed, or the amplifier reaches its swing limit 
or approaches its open-loop gain. 

This rate-of-rise, though helpful in understanding 
the mechanism by which the .amplifier performs inte
gration, does not provide the answer sought from an 
integrator. The significant characteristic is the exact 
voltage level at a certain time, or after a certain 
interval. 

Before the amplifier reaches its output limit, sup
pose t~1e input voltage to Zi is removed. The output 
does not return to ground, but remains at the level 
it reached just before the signal was removed. Rate 
of rise has stopped, because the necessity for provid
ing 1 µa through Z 1 to maintain the null at the -i nput 
has been removed. With an ideal capacitor and 
amplifier, the output voltage would remain indefinite
ly at the last level reacheq, until an input signal of 
opposite polarity were applied to Zi, and a negative
going rate-of-change at the output were needed to 
maintain the null at the -"-input. 

Absolute integrator output level at the end of some 
interval is the sum of the products of each voltage 
applied to Zia since the output was at 0, times the 
duration of each voltage, that sum divided by -RC. 
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fig. 1 : Normal operational amplitier symbols 
are shown in (a.) 
The - input and output are out-of-phase (arrows I. 
Feedback element Zr is shown in ( b). 
In (c) the input element Z, 
converts a voltage signal ( E,nl to current, 
balanced by current through Z, . 

Fig. 2: Operational amplifier, using resistors for both Z, and Z,, 
performing as a voltage amplifier. 

Fig. 3: Operational amplifier as a ditterentiator. 
Output here is proportional to 
the rate of change of the input voltage. 

Fig. 4: Operational amplifier 
as an integrator (left) . 
Output rate of change 
in this instance is 
proportional to the 
input voltage . 



OPERATIONAL AMPLIFIERS_ -(Continued) 

The mathematical expression for the output level 
reached in a given interval of time (Tr T 1 ) 1s : 

_ 
1 

T2 

Eaut = ( -) f Ean dl 
RC Ti 

The integral sign indicates that the value to be 
used is the sum of all of the products ( Ein X • dt) 
shown, between the limits (T 1, T 2 ) noted. The ex
pression dt shows infinitely small increments of time. 

It is not necessary to understand and be able to 
manipulate expressions in integral calculus to make 
use of an operational amplifier integrator. 

The integrator provides a voltage output propor
tional to the ·net number of volt-seconds applied to 
the input. If the total volt-seconds of one polarity is 
equalled by those of the opposite polarity, the output 
level at the end of the selected · interval will be zero. 

Typical integrator waveforms are shown in Fig. 5. 
An interesting example is shown in ( c). Its 4 volt 
age levels, of different duration, cause the integrator 
output to fall at 4 different rates, reaching a final level 
representing the total number of volt-seconds con
tained in the waveform. It should be apparent that 
the integrator can measure the total volt-s~concls 

contained in even the complex waveform of (b). Such 
a measurement would be difficult to make by direct 
waveform observation. This type .of operation is 
often referred to as "taking the area under the curve." 
since the area underneath a waveform plotted against 
time (i.e., the area bounded by T1 , T2, the waveform 
and the 0 v line) is the number of volt-seconds in
volved. Also, the instantaneous value of Eo11t at any 
time ·is proportional to the input volt-seconds up to 
that time. 

In the cases used as examples, RC was 1 ( 106 ~ 

10·6 ), and the numerical value of the output voitagr 
at the end of the integrating interval was the num
ber of volt-seconds in the input waveform. Using 
other values of R and C does require some added 
calculation. To find actual input volt-seconds. tht 

output voltage must be multiplied by ( - RC). To 
illustrate, let us suppose R is 200,000, C is 0.01 µ.1 

and the output voltage, after the selected interval, i!! 
- 2.5 v. Multiplying -2.5 by (-2 X 105 X 1 X 10·8 ) 

provides 5 X 10·3, or 5 mv/sec positive polarity. 
Because of the polarity-reversal in the amplifier, it 
is necessary to multiply by ( -RC) to obtain tht 
proper sign in the answer. 

C 

1000 .,_· .-. ----+ -.aoi,,,------t -w ,-----t i-;o,r----t-- r- --+--- ~ INTEGRATOR 

Fig. 6·: Average gain 
characteristics for 
integration and dif
ferentiation. 
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~C~ DIFFERENTIATOR 
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Fig. 7 : Operational 
amplifier driving tun
nel diode with very 
low impedance ( r I. 
Diode, stabilized at 
high frequencies by 
rf-terminated j i g, 
can be driven by· a 
very slow ramp vol
tage. Linear drive of 
the tunnel diode al
lows differentiation .01 ._ ____ .._ ____ _._ ____ _...._ ___ .... ____ .._._ __ .._ ____ _._. __ __. of the current to ob-

i cps IOcps I kc IOkc IOOkc lmc IOmc IOOmc tain the di/de curve 
FREQUENCY (see Fig. 8). 
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OPERATIONAL AMPLIFERS. (Concluded) 

If a waveform to be integrated contains both + 
and polarity portions during the integrat-

. ing interval (d) in Fig . 5, the output will hr 
proportional to the difference hetween the volt-~ec
onds of each polarity, the integrator being an aver
aging device. To add the 2 polarities, .instead of 
allowing them to be subtracted, precede the inte
grator with an absolute-value amplifier ( full-wave 
rectifier) which inverts one of the polarities. 

riiil~ 
f 

I ri 

I n 
RII I 

Iii:!!~ lll!JI 
II: ri' 
1!!!11 I 

D ~na wic Co ildu eta Ice 

I 
di/ ;le Ill'!:, 

.. I 
~ 

\ !!:iii~ 
~i ~ 

Voltage, 50 mv/cm 
Fig. 8: Dynamic Conductance waveform. 

The operational amplifier is now being used not 
only as an electrical and electronic tool, but in con
trol engineering and for mathematical studies. Fig. 9: Tektronix Type O Operational Amplifier Plug-In Unit. 

As an electronic device, the amplifier can be used 
to make capacitance, resistance and impedance meas
urements. In solid-state fields, the amplifier has been _ 
used to study tunnel-diode performance through plots 
of E-I and di/de curves. Also, diode reverse leakage 
current can be measured and B-H curves plotted. 
Many sampled data studies can also be made : sam
pling and sampled-pulse integrations and differen
tiation. 

Using semiconductors and tubes as external active 
elements, the amplifiers are also being used for a 
number of nonlinear functions : compression, expan
sion, root and power function, limiting, clipping and 
fast-response log-arithmetic amplification. 

The amplifier can also be used to provide rate
intensification of oscilloscope traces for photography 
of transients. Other uses include de-coupled current 
measurement and high-input impedance amplification. 

SAWTOOTH 

+ l~Ov 

CURRENT SAMPLING RESISTOR 
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TECH IQUES 

USING THE O UNIT FOR "CONSTANT INTENSITY" DISPLAYS FEN 2-23-62 

The Type O Plug-in can be used to provide differen
tial beam-brightening for fast segments of a dis
played waveform at slow sweep speeds, to facilitate 
viewing and trace photography. (At faster sweep 

i!.i 
.001 !OK 

'?--i!---il----'\1'.J\.-·-----<1 
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OUT 
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DlffEREl\lTiATIOe.J. Ad.lust 
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D1 
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El 
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Tl2G 
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IOI( 

R2 
UI\JIOI RECTIOI\J~!. _ 

OUTPUT -

speeds, this feature is not usually required, because 
the vertical and horizontal spot velocities are more 
nearly alike.) 

I 

I -I - - I 
l At..'fl::1'1NIH£ OUTT'Ur CH',CV!T I --~=-~-~=====~--~ 

Fig. 4. 0 Unit circuit for "constant intensity" 
feature. All Components internal to O Unit 
except R1, R2, D1, and D2. 

Figure 4 shows the O Unit settings and connections 
to provide ( 1) differentiation of the vertical signal 
and (2) ''absolute value" operation (negative-going 
signal regardless of input signal polarity). 

Use of the circuit allows reducing the intensity con
trol setting at slow sweeps, and making the "flat 
tops II and base line more nearly equal in intensity 
to the rising and falling portions of thew a veforms. 
Do attempt to make rising and falling portions as 
bright as base lines and flat tops at "normal" 

----- = -o - " -~ -· -. =• =e 
I 

t • ~ '.· 1-. ·•.i.• 

= - = = ,., -~-~"' """" :,..,.,, !,,.-I= 

i_l 

intensity - - it's not only impossible, but leads to 
defocussing and geometry aberrations. 

There is a certain amount of transit-time delay in 
the intensification circuitry- -apparently a good 
part of a microsecond, For this reason, even the 
presence of the delay line and CRT transit time is 
not sufficient to give 100% brightening of a fast 
transistion. However, as can be seen in Figures 
5 and 6, the circuit can provide a vast improvement 
in many applications. 

Fig. 5 Waveform Improvement; Calibrator -- 2msec/cm 
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Fig. 6 Waveform Improvement; lOmsec time mark -- 20 µ,sec/cm 

DIFFERENTIAL BEAM BRIGHTENING USING THE O UNIT -- ADDENDUM FEN 3-9-62 

The circuit shown in the last issue of the FEN 
(2..:23-62) is not the only -- or even the best-- cir
cuit to use for differential beam brightening. A 
more economical circuit using only a single opera
tional amplifier is shown on page 25 of Hiro Mori-

2 

yasu' s "Notes on Operational Amplifier Applica
tions," copies of which were sent last week to all 
field engineers and repair centers. Variations on 
any of these circuits may be worked to fit specific 
applications problems. 
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REAL TIME PROCESSING OF SAMPLED DATA 

To obtain measurements in real time from opera
tions on sampled data (e.g., integration of diode 
stored charge from 661/4Sl/291/TF 1), it is essen
tial that the scaling factor for time conversion be 
known and held constant--Le., that the reiationbe
tween equivalent time (horizontal deflection on the 
sampling scope display) and real time (the time by 
the clock it takes the sampling trace to cross the 
screen) be known at all times, since the 0-Unit 
operates in real time, and the sampling display 
data is in equivalent time. 

The relationship between real and equivalent time 
is determined by the sampling rate and the samples/ 
cm setting unless this relationship is forced. The 
sampling rate is governed by the triggering signal 
or vertical signal rep-rate up to about 100 KC, then 
by the sampling rate limit. 

If the sampling oscilloscope sampling rate cannot 
be fixed at a known, stable value below 100 KC, it 
becomes necessary to force the real/equivalent 
time relationship by driving the sampling scope 
horizontal with the real-time saw-tooth from the 
O-Unit's scope. (It is not necessary to trigger the 
real-time scope.) 

To obtain a sufficient dot density for accurate inte
gration, it may be necessary to run the real-time 
scope sweep quite slowly. A density of 10-lO0sam
ples per cm is generally desirable. Very highden
sity is needed for differentiation, of course. 

When the horizontal drive to the sampling oscillo
scope is correctly adjusted so that the (non-inte
grated) displays on the sampling scope and the real
time scope occupy an equal number of centimeters 
horizontally, the time conversion factor is the ratio 
of the Time/Cm settings of the real-time and the 
sampling oscilloscope. An external, adjustable di
vider will be required to attenuate the 150 v saw
tooth to the horizontal. input of a type 661; this is 
not required with the 3T77. 

The vertical conversion factor may be calculated 
step-by-step (sampling input volts to centimeters, 
to Vert-Sig-Out volts, through the operational am
plifier, to volts and finally to centimeters again), 
but the errors, loading effects and tolerances in
volved make this calculation quite uncertain without 
a lot of extra work. 
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The most accurate method (eliminating any sampl
ing scope display or output calibration error, load
ing effects, etc.) i.s to apply the sampling oscillo
scope calibrator to the sampling input, set the oper
ational amplifier for XI amplification using the 
same value of Zi that will be used in the intended 
measurement, and adjust the O-Unit Volts/Cm and 
Variabl,e Volts/Cm for calibrated deflection-on the 
real-time scope. For a vertical scaling factor of 
1 :1, set the O-Unit to display the same number of 
centimeters as the sampling scope should be dis
playing. 

The remaining errors will be due to (a) sampling 
scope calibrator error, (b) tolerance buildup in the 
operational amplifier from setting up with one value 
of Zf and measuring with another, and (c) error due 
to measurement technique. 

particular care must be taken to avoid technique 
errors, particularly in integration. Since DC levels 
are critical in integration, the level representing 
the reference from which the measurement is to be 
made must- -by adjustment of the DC offset control 
in the sampling oscilloscope--be made tobe0volts 
DC at the input to the integrator. Any error in judge
ment of the reference level may be magnified con
siderably in the answer. The vertical signal output 
of the 3S series sampling systems comes out at a 
DC level of about +lOv. See addendum for special 
considerations required for use of these instru
ments. 

Because integration is a bit tricky, a detailed pro
cedure and example follows, assuming use of a 535A 
or 545A to provide positionable gating. 

l. Set up real-time scope for "B delayed A" opera
tion, so that Sawtooth A may be used to drive the 
sampling oscilloscope (this special setup is not 
necessary on a 555). 

(a) Horiz display, "A''. Free-run Sweep A at 
20msec/cm. 

(b) Patch DELAYED TRIG to B EXTTRIGIN. 
Adjust B Trig controls for triggering from 
the delayed trigger. 

(c) Patch +Gate B to the gating adapter. 
(d) Set Sweep B to 20 msec/cm, with the delay 

time multiplier set to 0.05 and Sweep 
Length B to about 3 o'clock. 
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2. Set up operational amplifier A for gatedXl am
plification, using the same value Ri as will be 
used in integration (set Rf to the same value). 
Check DC levels and balance and confirm 
proper triggering of Sweep B, with input to 
Ri grounded. 

3. If a 661 is used, attenuate Sawtooth A to Sv/cm 
or less ( a 20 K pot equipped with banana plugs is 
adequate for slow sweeps) and apply to the sam
pling scope external horizontal input. If the 
sampling unit is a 3T77, the fulllS0vsawtooth 
may be used and attenuated internally by the 
3T77 Ext Atten pot. 

4. Patch from the Vert Sig Out on the sampling 
oscilloscope to the gated amplifier. Adjust 
v /cm of the real-time oscilloscope and the saw 
tooth attenuator until the display on the real
time scope matches "exactly" (e.g., to the de
sired accuracy) the display on the sampling 
oscilloscope. For maximum accuracy, use the 
amplitude/time calibrator (if available) for 
simultaneous setting of the vertical and hori
zontal scaling factors. 

If 1 cm on the real-time scope vertical now 
represents 1 cm on the sampling scope vertical, 
the amplitude conversion factor is 1.0. What
ever is represented by 1 cm vertical deflection 
on the sampling scope will be represented by 
1 cm on the real-time scope--volts, amps, psi 
or whatever. 

Return the Time/Cm controls on the real-time 
scope to a slow setting (e.g., 0.1 sec/cm) which 
permits a good sampling density. The sampling 
scope time per cm divided by the real time/ cm 
gives you the horizontal scaling factor, some
thing like 10-7 or 10-8. 

S. Adjust Delay Time Multiplier and B Time/Cm 
and Sweep Length so that the gated portion of 
the display corresponds to the part of the wave
form to be integrated. 

6. Adjust DC offset in sampling oscilloscope so 
that the start of the segment to be integrated 
rests at 0 volts on the real-time scope (good 
idea to recheck operational amplifier DC out
put level again, too). Note: In the 4S-sampling 
series, only the DC offset affects the Vert Sig 
Out level. In the 3S-series,both offset and posf
tion controls affect this level, as well as what
ever circuitry is used to bring the center -
screen output level to 0volts. 

7. Turn Zf to an appropriate value of C to obtain 
a few cm of deflection. Record integral in centi
meters of deflection reached just before the 
gate is closed. 

8. Ground the input to Ri and record integrating 
error, if any. Subtract from figure obtained in 
step 7. This gives you the integral in terms of 
centimeters. 

2 

9. Compute integral. The answer you are looking 
for {Ndt, where N is the quantity represented 
on the sampling scope by vertical deflection) is 
equal to: (N/cm) X(Cm)X(RiCf)X(K), where 
N/cm is the sampling scope sensitivity, Cm is 
the number of centimeters net integral (answer 
minus error, from step 8) and K is the hori
zontal scaling factor. If N is volts, your answer 
comes out in volt-seconds. If the vertical scal
ing factor is other than 1, multiply by this factor 
also. 

' 
Example (Using 661, 4Sl, STl, O-Unit and S4SA): 

Determine the energy in a reflected pulse from a 
transmission line. The reflection occurs during the 
flat top of the original +going pulse, which is 1 volt 
in amplitude. 

On the sampling scope at 2 nsec/cm and SO mv /cm, 
the reflection appears as a positive pulse of 2 cm 
peak amplitude, with a fairly steep leading edge, 
the trailing edge occupying 4-S cm before tailing 
out completely. 

Procedure: 

1. Adjust Vertical Scaling Factor: Using the 661 
calibrator at lOµsec/cycle andlO0mvforbest 
accuracy ( at the SO mv / cm vertical setting), 
slow the sampling sweep to 10 µ sec/cm and, 
with the Vert Sig Out connected to the opera
tional amplifier input (Xl amplifier using 0.2 
meg Rt and Ri) adjust the O-Unit verticalpre
amp for just 2 cm vertical display. (It is not 
necessary to correct the sampling oscilloscope 
v /cm under these circumstances even if it is 
out of calibration.) The vertical scaling factor 
is now 1: 1- -and with a direct relationship be
tween input voltage to the sampler and deflec
tion on the real-time scope, the intermediate 
calibrations cancel out. 

The scaling factor must be rechecked if Ri is 
changed, however. 

2. Adjust Horizontal Scaling Factor: Set the 661 
Time Calibrator to lOnsec/cycle and the sam
pling sweep to 2nsec/cm, and adjust the real
time sawtooth attenuator so that two full cycles 
occupy 10.0 cm on the real-time oscilloscope 
screen. (The lead from the gating adapter to 
the -grid of operational amplifier A may be re
moved momentarily to permit a full 10.S cm 
display.) Then restore the waveform to be mea
sured, and set A and B Time/cm to a slow 
enough rate to obtain a sampling density of at 
least 10 samples/cm. We'll assume that 100 
msec/cm is used. The horizontal scaling factor 
becomes 2x10-9/10-l = 2x10-8. 
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Echo to. be integrated 
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SAMPLING SCOPE DISPLAY 

S0mv/cm, 2nsec/cm 

Delay and DC offset used to position desired 
portion of waveform (i.e., echo riding on pulse) 
to center screen. 
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REAL TIME SCOPE DISPLAY 

Sampling scope offset must be carefully set 
so that reference level for integration of echo 
is at 0 rolts at input to operational amplifier. 
(Step 3- Zf set to R = Ri) 
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3. Set DC Level: After checking the DC level set
ting of operational amplifier A, adjust the DC 
offset in the sampling scope so that the flat top 
of the original pulse is represented on the real
time scope by a level of O volts. This is ex
tremely critical- -any error here will be mag
nified in the answer. See fig. 1. 

4, Set Integrating Interval: Use the Delay Time 
Multtplier and Sweep B length to set the gating 
interval to extend from just before the pulse 
reflection to just following its "tail out". 

5, Integrate: Set Zf to C (be sure the LF reject 
switch is "off") and select a value of C which 
will provide a few centimeters of output. With 
Zi set at 0.2 meg and real time/cm at 100 msec/ 
cm, the proper valueofCfturnsoutto be (say,) 
1 µ f. The output level reaches 2. 2 cm at the end 
of the integrating interval. Adjustment of B 
sweep length to a little longer value does not 
materially increase the value, so we can feel 
we have "all" or the pulse. 

6. Check Error: Grounding the input to Ri shows 
no climbing or falling of the baseline during the 
gated interval, so our first answer does not need 
correction. 

7. Calculate:/ Edt = (Sampling Scope v /cm setting) 
X (Cm of Integrator Output on Real Time Scope) 
X (Ri Cf) X (K). Plugging in our numbers, we 
have (.05v/cm) X (2.2cm) X (0.2 X 106 X 1.Q 
X 10-6) X (2 X 10-8) = 4.4 X 10-10 = 440 pico
volt-seconds. In a 50 n system, this represents 
19.5 X 10-20/50watt~secmnfs, or 3.9nanopico
joules of energy, and each reflection contains 
44/50 X 10-ll = 8.8 pico coulombs, or 55 mil
lion electrons. 

8. Probable Accuracy Check: Step 6 checked only 
the DC-level errors in the gated integrator sys
tem itself (drift, leakage, zero shift, etc.). It did 
not check the most probable cause of error, the 
DC level of the incoming signal from the sam
pling scope. 

Either inaccurate setting of the DC offset or 
subsequent drift of the output level can cause a 
significant error in the integrator output. 

To determine the probable accuracy with which 
your measurement was made, repeat step 3, 
this time observing the extremes of offset ad
justment which stiH appear "right". Now, repeat 
steps 4 and 5, adjusting the DC offset level be
tween the two extremes noted. The two inte
grator output levels you obtain will indicate the 
possible error range of any single measure
ment, 

9. Direct Calibration Once the vertical scaling 
factor has been set to 1 and the values of v /cm, 
Ri, Cf and the horizontal scaling factor have 
been set, the real-time scope graticule maybe 
considered as directly calibrated in N X sec-

4 

onds, where N is the parameter displayed ver
tically on the sampling oscilloscope. In the ex
ample above, the direct calibration was 0.2 
nanovolt-seconds per cm. Note, however, that 
if watt-seconds or joules is the required para
meter, either the input to the sampling system 
must be in watts (per cm), or else the real
time calibration must be considered as propor
tional only to °"\]joules per centimeter, and the 
value obtained must be squared (and then multi
plied by an appropriate factor) to obtain the 
numerical value for energy. 

Limitations: In addition to the problems discussed 
above, there are some basic limitations which 
should be recognized in attempting real-time opera
tions on sampled data. · 

1. DC Drift (Integration). A small amount of drift 
in the DC offset voltage in a 4S-series sampling 
instrument (or offset and positioning voltage 
drift plus drift of any external level-setting 
circuit in the 3S-series) is not bothersome 
when the sampling instrument is operated at 
low sensitivity, with relatively long integrating 
time constants and small horizontal scaling 
factors. But a combination of worst-case con
ditions of operation can produce serious mea
surement errors. 

Worst-case Conditions: 

(a) Low sampling rate. To obtain high dot-den -
sity, the real-time sawtooth scan must be 
run very slow I y if the sampling rate is low. 
A given drift-rate then will have more time 
to be effective. Also, the tendency of the 
sampling instrument to "slash" (memory 
discharge) will be greater, and the inte
grating error due to grid current, etc., 
will also increase at very slow sampling 
rates. 

(b) High sampling scope sensitivity setting. A 
shift of 1 mv (0.1 %) in a 1 v DC offset level 
is of minor consequence at 100 mv /cm. At 
2 mv /cm, it may be quite serious, espe
cially if the real-time involved in the inte
gration is long. At 2 mv /cm, and with a one
second time-constant in the O-Unit (larg
est internal value), a shift of 1 mv in a 1 v 
offset will produce an error of 10 mv inte
grator output per 100 msec real time. 

Cures: The higher the sensitivity required, the 
faster the minimum sampling rate must be to 
avoid errors due to low dot-density or real
time errors due to drift. Conversely, if the 
sampling rate is low, the signal level must be 
larger to avoid the effects of small internal 
level changes. 
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2. Noise (Differentiation). Becausr2 a sampling 
trace is not a continuous function, differentia
tion is hound to produce a "noisy" output, re
flecting the vertical "steps" representing am
plitude changes. The lower the sampling density 
the greater the possible amplitude step per 
sample - -and hence noise spike in the differen
tiator output. 

With a moderate sampling rate, the 10 K output 
impedence of the vertical signal output helps in 
reducing sampling noise, but in many cases, an 
additional capacitor across Rf will be needed to 
further reduce high -frequency gain and limit 
the response of the differentiator to the signi
ficant real time analog information from the 
high-speed signal being sampled. 

As the sampling scope sensitivity is increased 
toward maximum, the inherent noise in the 
sampler will be of significant effect, and maxi
mum use of the smoothing control and use of 
resistance in series with Ci and capacitance 
across Rf will be needed to obtain meaningful 
answers. Operation at the maximum possible 
horizontal scaling factor will be necessary in 
some cases, to effect as great as possible a 
frequency-domain difference between the sam
pling noise and the real time analog of the signal 
under observation, in order that the two can be 
separated by filtering. 

Addendum: Special considerations for using the 3S
series sampling systems. 

All 3S-series sampling vertical outputs, to accomo
date the special requirements of the 6Rl, come out 
at an amplitude of 1 v /cm, at a de level of approxi
mately +l0v (center screen) and an impedance of 
10 K. For useful integration, it is necessary to drop 
this DC level to 0v, or at least perform the equiva
lent of this operation at the operational amplifier. 
Whatever method is employed, the stability require
ment of the Jevel-setting circuit is fairly critical 
(see notes on drift limitations). The 3S-series out
put signal is large, however, and under most cir
cumstances fairly simple circuitry may be em
ployed to give quite usable answers. 
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Four possible techniques are open; 

1. Put a 10 v battery in series with the output 
signal. Since our real-time signal is rela
tively low-frequency information, the stray 
capacitance of the battery does not seriously 
affect accuracy. 

2. Make the 10 K series output resistor in the 
plug-in into a de level-setting divider by run
ning a 12.2 K resistor (or thereabouts - -say, 
12.4 K 1/2 w 309-350) from the output end of 
this resistor to the -12. 2 v supply. The output 
signal will now be 0.525 to 0.565 v /cm at a de 
level close to ground., and the plug-in calibra
tion will be made about 1 % low. 

3. Add a zener diode and 220 K constant-current 
resistor .to the vertical signal output circuit 
instead of the 10 K resistor. This trick will 
translate the de level to near 0 v without loss 
of signal amplitude. (See Fig. la). Select the 
zener diode to match the actual center-screen 
de level if possible. A transistor may also be 
used as a constant-current source (Fig. ll/1, 
for better-going current capability, which 
may be needed in some cases for differentia
tion. 

4. Add slideback to the operational amplifier it
self, to buck out the de level from the Sclm
pling scope .. This is done by injecting current 
to the -grid equal and opposite to the current 
representing the de level of the signal to be 
integrated (l~0v /Ri)- The source impedance 
o.f this slideback signal should be kept high, 
and of course it must be stable. Whenever Ri 
is changed, the voltage or the impedance of the 
slideback circuit must also be changed, so that 
the currents at the -grid balance exactly. If 
Ri is kept at I meg, a 22-1/2 battery, a 2 meg 
resistor and 500 K pot all in series will do the 
job nicely (Fig. 2). If this last method is used, 
grounding Ri to determine integrating error 
(step 8 in procedure, step 6 in example) will 
not be possible. 

G. Gass 

5 



• 

To Pl 
-(for GRI) 

[ 
....... To output amp I Ifie r 

,,___,__" ~~~~12-1f-i3-}6---;t;_;_r ©~ 'b~'t) 

+201 :~~-O~~er<220K 

L VJ Remove 
/ '\.7 Rll86 

Add -HJO (R2186} 

(a) Using Zener and resi5tor.max 
output current, 40o+1-1a for-signals. 

~~:·~ ;; ,---,Jvt___:_(_9 
J_(- !\J, 

lOOK--=-to 2i 1 --.~- -

\/ 
-12.2v 

(b) Using Zener and trancistor 
for more output current . 

Fig. 1. Modifying 3S76 for Ov DC level output from 
front panel connectors. Replace Rll86 with 10v 
zener diode, provide constant-current source for 
zener. 3S3,etc. may be treated similarly. If tran
sistor is used, select R1 for ;;c,1 ma collector current. 
With zener slightly less than 10 v, R2 (100 n to 1 k) 
and collector current may be selected for exact O v 
center-screen DC level. 

Rf=lM 
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Fig. 2. Slideback added to operational amplifier to 
handle signal at elevated level. R2 must be changed 
whenever Ri is changed. After setting R1 for O v DC 
output level, Zf may be changed to C. 
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PREAMPLIFIER FAST RISE 
RESPONSE IMPROVED 

Effective Prod , 109 
w / exceptions 105, 107 

DESCRIPTION: 

See SQB M5510 

Usable in field instruments SN 101-108 

Components in V6524 plate circuit are changed/added to improve the fast rise waveform response, 
(See schematics be low.) Also see M9564. 

Parts Removed: Parts Added: 

R6523 56Q 1/4w 10% 316-0560-00 C6523 0.1 µf 10v 283-0023-00 
R6522 220Q 1/4w 10% 316-0221-00 
R6520, R6523 1 Q 1/2 w 5% 308-0141-00 

BEFORE AFTER 

Parts Required for Field Installation: 

See 'Parts Added'. 

INSTALLATION INSTRUCTIONS: 

Rewire the V6524 plate circuit as indicated in the sche~atics above. 
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A AND B OPERATIONAL AMPLIFIER GRID 
CURRENT POTENTIOMETERS ADDED 

See SQB M5728 

Effective Prod s/n 155 Usable in field instruments s/n 101-154 

DESCRIPTION: 

Potentiometers R5535 and R5585 are added to provide adjustment for the input grid current in the 
operational amplifiers. This necessitates replacing R6557 with a physically smaller potentiometer 
and changing the pot bracket to one accommodating 5 potentiometers. At the same time, the silk
screening for the Open loop Gain DC level range pots was changed by adding an 11A 11 • 

Parts Removed: 

R6557 100 k ±20% AB 
Bracket, pot 

311-0301-00 
406-0796-00 

Parts Required for Field Installation: 

See I Parts Added'. 

INSTALLATION INSTRUCTIONS: 

Parts Added: 

R6557 100k 0.2w mini 
R5534, R5584 12 k 2w 5% 
R5535 ,R 5585 5 k 10% 
Bracket, pot 

311-0088-00 
305-0123-00 
3 11 -0 l 71 -00 
406-0848-00 

a) Replace the potentiometer mounting bracket on the rear plate with the larger bracket. 

b) Replace R6557 with the smaller potentiometer. 

c) Mount the 5 k potentiometers in the R5535 and R5585 positions. 

d) Unsolder the white-brown-black-brown wires from the center termina I of R5532 (DC level Range 
A). Solder these wires together and cover the splice with a piece of tubing. 

e) Move the white-brown-black-brown wire from the center terminal of R5582 (DC level Range B) 
to the counter-clockwise (ccw) termina I of R5585 (Grid Current B). 

f) Solder a white-brown-black-brown wire between the ccw terminals of R5585 and R5535 (Grid 
Current A) •. 

g) Solder a 12k resistor between R5535 center terminal and the rear cw terminal of the POSITION 
control. 

h) Solder a 12k resistor between R5585 center terminal and the front ccw terminal of the POSITION 
control. 

i) Solder a white-red wire between the center terminals of R5582 and R5585. 

k) Solder a white-red wire between the center termina Is of R5532 and R5535. 
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A AND B OPERATIONAL AMPLIFIER 
RESISTOR WATTAGE INCREASED 

Effective Prod s/n 160 

DESCRIPTION: 

See SQB M5636 

Usable in field instruments s/n 101-159 
w/exceptions 

Resistors R5529 and R5579, in the A and B Operational Amplifier, were changed from 1 w to 2w to 
relieve over-dissipation under certain conditions. 

Parts Removed: Parts Added: 

R5529, R5579 47 k 1 w 10% 3 04-04 73-00 R5529, R5579 47 k 2 w 10% 306-0473-00 

Parts Required for Field installation: 

See I Parts Added' • 

INSTALLATION INSTRUCTIONS: 

Replace R5529 and R5579, located on the ceramic strips near V5524 and V5574 respectively, with 
2w resistors. 

A AND B OPERATIONAL AMPLIFIER 
OUTPUT AMPLITUDE ACCURACY 
AND CROSS-TALK RATIO IMPROVED 

Effective ~rod s/n 319 

DESCRIPTION: 

See SQB M5956 

Usable in field instruments s/n 101-318 

Capacitors C5535 and C5585 are added, and circuitry is changed to increase the accuracy of the 
output amplifiar when Zf is set at 10 pf and the INTEGRATOR LF REJECT is OFF, and to improve the 
cross-talk ratio. 

This modification is included in Field Modification Kit 040-0301-01. 

Parts Removed: Parts Added: 

C5535, C5585 0. 01 µf 150v 283-0003-00 

Parts Required for Field Installation: 

See I Parts Added'. 

INSTALLATION INSTRUCTIONS: 

See page 6. 

continued 
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A and B Operational Amplifier (con 1d) M5956 

INSTALLATION INSTRUCTIONS: 

NOTE: The following method is used to identify the SELECTOR switch terminals: 

The wafers are numbered from the front to the rear. 
The contact positions are numbered 1 through 12 relative to the index key, as shown in Fig. 1. 
The contacts have an I F1 or 1R1 suffix which denotes that they are on the front or the rear of the wafer. 

Example: W2-7R (denoted by* on Fig. 1) is contact 7 of the rear of wafer 2. 

( TYPICAL SWITCH CONFIGURATION ) 
3F 

Fig. 1 

SF 

4R 

5F 

7R* 

a) Unsolder the following components and wires from the Amplifier 1N INTEGRATOR LF REJECT 
switch: 

100k 1/4w resistor (save for re-use) 
white-ye I low wire · 
1 meg 1/4w resistor between switch terminals (save for re-use) 

b) Unsolder the end of the O. 0022 µf capacitor from the switch and resolder to the terminals indi
cated in Fig.2. Cleon the excess solder from the switch terminals. 

w-bk-v (2.l 

Fig. 2 
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A and B Operational Amplifier M5956 

Installation Instructions: (con 1d) 

c) Unsolder the white-black-violet wire from 1N SELECTOR switch W2-8R. 

d) Remove the nylon spacing clip between the white-black-violet and white-yellow wires. 

e) Locate the 100k 1/4w resistor on the 1A1 SELECTOR switch, soldered between W1-5R and 
W2-8R. U nso Ider the end from W2-8R and reso Ider to W 1-8F. 

f) 

g) 

h) 

i) 

k) 

m) 

n) 

p) 

q) 

r) 

s) 

t) 

2-15-65 

Dress the white-black-violet wire, unsoldered in step c, to the 1N LF REJECT switch. Cut off 
the excess wire and solder, along with another 6-1/4 in. length of white-black-violet wire, to 
the switch terminal indicated in Fig. 2. 

Resolder the remainder of the components and wires, as indicated in Fig. 2, using a length of 
bare wire. 

Dress the other end of the white-black-violet wire (step f) through the grommet in the 1N 
SELECTOR switch bracket and solder to W2-8R. 

Locate the 100 k 1/ 4w resistor on the 1B1 SELECTOR switch, soldered between W 1-5R and 
W2-8R. Unsolder the end from W2-8R and resolder to W1-8F. 

Unsolder the fol lowing components and wires from the 1B1 INTEGRATOR LF REJECT switch: 
100 k 1/4w resistor (save for re-use) 
1 meg 1/4w resistor between switch terminals (save for re-use) 
bare wire between switch term i no Is. 

Unsolder and remove the bare wire between the 0B' INTEGRATOR LF REJECT switch and the 
1B' SELECTOR switch Wl-4R. 

Unsolder the end of the 0.0022µf capacitor from the 1B1 INTEGRATOR LF REJECT switch. Re
solder it to the terminal indicated in Fig. 3. Clean the excess solder from the switch terminals. 

Solder a 2-1/2 in. length of white-ye I low wire between the 181 SELECTOR switch W2-8R and 
the switch terminal indicated in Fig. 3. 

Solder a 1-1/2in. legnth of bare wire to 1B1 SELECTOR switch Wl-4R. Place al in. length of 
plastic tubing over the wire and dress the wire to the switch terminal indicated in Fig. 3. DO 
NOT SOLDER unti I next step. 

Resolder the components and wires to the switch as indicated in Fig. 3, using length of bare wire. 

Solder a 0.01 µf ceramic capacitor between the two wired terminals of the Grid Current I A1 

potentiometer (R5535) on the potentiometer bracket. 

Similarly, solder a 0.01 µf capacitor between the two wired terminals of the Grid Current 18 1 

potentiometer (R5585). 
...,_y 

Fig. 3 
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A AND B OPERATIONAL AMPLIFIER 
TUBES REPLACED WITH CHECKED PAIR 

Effective Prod s/n 490 

DESCRIPTION: 

See SQB M5731 

Usable in fie Id instruments s/ n 101-489 

To more easily meet specifications for V5524, V5524, V5574, and V5584, new 12AU6 tubes are set 
up which are checked for microphonics, noise, and grid current. 

Parts Removed: 

V5524, V5534, 12AU 6 (2 pr) 
V5574, V5584 

157-0050-00 

Parts Required for Field installation: 

See I Parts Added'. 

INSTALLATION INSTRUCTIONS: 

Replace the tubes in pairs, as indicated above. 

A AND B OPERATIONAL AMPLIFIER 
GAS REGULA TORS ADDED TO 
REDUCE DC THERMAL DRIFT 

Effective Prod s/n 814 

DESCRIPTION: 

Parts Added: 

~~~~!: ~~~~1' 12AU6, ck'd (2 pr) 157-0071-00 

See SQB M6115 

Usable in field instruments s/n 101-813 

Gas Regulator tubes and associated circuitry are added to the A and B Operational Amplifiers to 
improve the temperature-sensitive drift characteristics of the Operational Amplifiers. 

Parts Removed: 

R5523,R5573 33 k 1 w 1% 310-0070-00 
R5525, R5575 45 k 1/2w 1% 309-0354-00 
R5526.,R5527 22k 2w 5% 305-0223-00 

D5528, D5529, 1N3044B 152-0087-00 D5578,D5579 

Parts Required for Field Installation: 

Modification Kit 040-0301-02 

INSTALLATION INSTRUCTIONS: 

Refer to kit instructions. 

Parts Added: 

R5523, R5573 39k 2w 5% 305-0393-00 
R5525,R5575 40. 2 k 1/2w 1% 309-0437-00 
R5526,R5576 22k 7 w 3% 308-0241-00 
R5539, R5589 390k 1/2w l0'/0302-0394-00 

R5529, R5539, ZZlOOO 154-0370-00 R5579, R5589 

D5529, D5579 11 v 1/4w 5% 152-0055-00 
Q5523,Q5573 NPN, Tek Spec 151-0096-00 
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PREAMPLIFIER INPUT 
TUBES REPLACED 

Effective Prod s/n 850 

DESCRIPTION: 

See SQB M6490 

Usable in field instruments s/n 101-849 

V6524 and V6544 are changed to a pair selected for grid current, grid bias/heater current, and low 
microphonics. This eliminates cm additional grid current check. 

Parts Removed: 

V6524, V6544 12AU6 (l pr) 157-0050-00 

Parts Required for Field Installation: 

See I Parts Added 0 • 

INSTALLATION INSTRUCTIONS: 

Replace V6524 and V6544 in pairs. 

PREAMPLIFIER GAIN ADJ 
RANGE INCREASED 

Parts Added: 

V6524, V6544 12AU6 (1 pr) 157-0077-00 

See SQB M6470 

Effective Prod s/n 1150 Usable in field instruments s/n 101-1149 

DESCRIPTION: 

GAIN ADJ potentiometer R6536 is changed from 5k to 10k to increase the range of adjustment. 

Parts Removed: Parts Added: 

R6536 5k 2w 311-0300-00 R6536 10k 2w 311-0392-00 

Parts Required for Field Installation: 

See I Parts Added'. 

INSTALLATION INSTRUCTIONS: 

Replace the GAi N ADJ potentiometer with the 10 k pot. 
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UHF CONNECTORS REPLACED 
WITH BNC CONNECTORS 

Effective Prod s/n 1270 

DESCRIPTION: 

INFORMATION ONLY M6860 

The UHF connectors are replaced with BNC connectors, to match the military and manu
facturing trend toward the BNC type. The BNC type has a constant 50Q impedance and a 
lower input capacitance. It also requires less front panel space. 

See M8313. 

Parts Removed: Parts Added: 

Connector, UHF, female (5) 131-081 
Adapter, probe, BNC to UHF (2) 103-015 

Connector, BNC, female (2) 
Adapter, BNC to binding post 

131-126 
103-033 

ACCESSORIES CHANGED TO PERMIT 
PATCHING WITHOUT ADAPTERS 

Effective date 2-26-65 

DESCRIPTION: 

INFORMATION ONLY 

To permit patching from BNC to BNC connectors or from BNC to UHF (or banana jack) 
connectors without the use of adapters, the present patch cords and/or adapters are 
changed/added as indicated below. 

Also, these patch cords are set up as optional accessories: 

See M6860. 

Parts Removed: 

6 in. red BNC to BNC 
6 in. red BNC to banana plug 
6 in. black BNC to BNC 
6in. black BNC to banana plug 

18in. black BNC to BNC 
18 in. black BNC to banana plug 

012-085 
012-089 
012-084 
012-088 
012-086 
012-090 

Parts Added: 

M8313 

Adapter, BNC to binding post 103-033 Patch cord, 18 in. BNC to BNC 012-087 
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PREAMPLIFIER INPUT 
CAPACITORS RANGE INCREASED 

Effective Prod s/n 1800 

DESCRIPTION: 

See SQB M7437 

Usable in field instruments s/n 101-1799 

Capacitors C6521 and C6541 are changed to provide a larger range necessary because of the lower 
input capacity of some preamplifier tubes. This change necessitated a change in the Vertical Display 
switch part numbers. 

Parts Removed: 

C6521,C6541 1.5-7pf 281-0034-00 
SW6500 VERTICAL DISPLAY 262-0423-00 

Parts Required for Field Installation: 

See I Parts Added 1 with asterisk. 

INSTALLATION INSTRUCTIONS: 

Parts Added: 

* C652 l, C6541 3-12 pf 281-0036-00 
SW6500 VERTICAL DISPLAY 262-0634-00 

Replace C6521 and C6541 F located on the third wafer of the VERTICAL DISPLAY switch, with the 
3-12 pf capacitors. · 

PLUG-IN SPACER RODS STANDARDIZED 

Effective Prod s/n 2230 

DESCRIPTION: 

INFORMATION ONLY M8087 

install new plug=in spacer rods which have hex shape near one end to allow better tighening. This 
wi 11 insure more positive gro.wnding of the plug-in to the indicator (via the spacer rods). 

Parts Removed: Parts Added: 

Rod, spacer (4) 384-0508-00 Rod, spacer (4) 384-0631-00 
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VERTICAL AMPLIFIER 
OSCILLATIONS PREVENTED 

Effective Prod s/n 2429 

DESCRIPTION: 

See SQB M8983 

Usable in field instruments s/n 101-2428 
w/exceptions 

Ferramic Suppressor beads are added to the vertical Output Amplifier leads to prevent oscillations 
at approximately 200mc when the unit is used with Type 547, 546 and 544 instruments. See M9564 
which removes L6565 and L6575. 

Parts Removed: Parts Added: 

L6565, L6575 0.1 µH 276-0528-00 

Parts Required for Field Installation: 

See I Parts Added' • 

INSTALLATION INSTRUCTIONS: 

Aclrl the cores to the end of the white-brown wire at the top of L6574, and the end of the white
blue wire at thetop of L6564. Both wire ends must be stripped back 3/4 in. L6564 and L6574 are 
the Q6564 and Q6574 Collector peaking coi Is. 

TRANSISTOR SOCKETS CHANGED 

Effective Prod s/n 2470 

DESCRIPTION: 

INFORMATION ONLY M8208 

Provides a better and more economical way to mount transistor sockets, by replacing sockets with 
new snap-in type. 

Parts Removed: 

Socket, 4-pin transistor (2) 

Page 12 

136-0095-00 

Parts Added: 

Socket, 3-pin transistor (2) 
Ring, transistor socket (2) 

0 MODIFICATION SUMMARY 

136-0181-00 
365--0234-00 
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A AND B OPERATIONAL AMPLIFIER INPUT 
LEAD RESISTOR REPLACED WITH FERRITE 
BEAD TO ELIMINATE TEMPERATURE 
EFFECTS ON GRID CURRENT 

Effective Prod s/n 2651 
w/exceptions 2261 

2335 
2401 

2424 
2427 
2429 

2442 
2460 
2474 

2479 
2489 
2509 

See SQB 

Usable in field instruments s/n 101-2650 
2523 2558 2576 2603 2644-5 
2543 2562 2578 2635 
2556 2570 2585 2639 

FRONT PANEL SYMPTOM: Trace drift with J-ernperature change. 

M9434 

PROBLEM: Humidity and temperature change the ceramic strip leakage resistance, causing 
the grid current to vary. 

PRODUCTION CHANGE: The grid leads were removed from the ceramic strips where they 
connected to the grids through 470 resistors (R55201 R5530, R5570, R5580) and connected 
directly to the tube socket pin connections (pin 1). Ferrite beads were added over the 
leads to take the place of the 47Q resistors (see Figs. 2 and 3). 

This modification is included in Modifical"ion Kit 040-0301-01. 

Parts Removed: 

R5520,R5530v 
R5570iR5580 

Parts Added: 

l5520, l5530, 
l5570, l5580 

Resistor, comp, 47 Q 1/ 4 W l 00/o 

Core, type 101 

INSTALLATION INSTRUCTIONS: 

Parts Required: See I Parts Added'. 

I nsta llati on Procedure: 

Refer to Fig. l for ceramic strip locations. 

a) Remove 47Q resistor (R5520) between CSF-16 and pin 1 of V5524. 

b) Remove 47Q resistor (R5530) between CSF-19 and pin l of V5534. 

Refer to Fig. 2 when replacing the following wires: 

316-0470-00 

276-0532-00 

c) Remove white-black-violet wire between Channel A OUTPUT DC LEVEL switch and 
CSF-16. 

Solder a 3 in. white-black-violet wire between the same terminal of the Channel A 
OUTPUT DC LEVEL switch and pin 1 of V5524. Place a ferrite bead over the tube 
socket end of the wire. 

d) Remove white-black-blue wire between the same terminal of the Channel A OUTPUT 
DC LEVEL switch and pin 1 of V5534. Place a ferrite bead over the tube socket end 
of the wire. 

e) Remove 47Q resistor (R5570) between CSE-16 and pin l of V5574. 

f) Remove 47Q resistor (R5580) between CSE-19 and pin 1 of V5584. 

continued 
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I nsta I lati on Procedure: 

Refer to Fig. 3 when replacing the following wires: 

g) Remove white-black-violet wire between Channel B OUTPUT DC LEVEL switch and 
CSE-16. 

Solder a 7in. white-black-violet wire between the same terminal of the Channel B 
OUTPUT DC LEVEL switch and pin 1 of V5574. Place a ferrite bead over the tube 
socket end of the wire. 

h) Remove the white-black-blue wire between Channel B OUTPUT DC LEVEL switch 
and pin 1 of V5584. Place a ferrite bead over the tube socket end of the wire. 

Page 14 
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FRONT PANEL KNOB COLOR CHANGED 
TO CHARCOAL FOR COMPATIBI UTY 
WITH NEW INSTRUMENTS 

Effective Prod s/n 2940 

DESCRIPTION: 

INFORMATION ONLY M9172 

To standardize indicator and plug-in knob colors -- a 11 knobs 1 switch buttons, binding posts, 
etc, on o Ider instruments are changed to the charcoa I colored ones used on new instruments. 

Parts Removed: 

Knob assembly, black (2) 
Knob assembly, black (2) 
Knob assembly, black (2) 
Jack, banana ( 10) 

5-20-66 

366-0029-00 
366-0087-00 
366-0132-00 
136-0138-00 

Parts Added: 

Knob assembly, gray (2) 
Knob assemb iy I gray (2) 
Knob assembly I gray (2) 
Jack, bancm ( 10) 

0 MODIFICATION SUMMARY 

366-0142-00 
366-0230-00 
366-0331-00 
136-0140-00 
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OUTPUT AMPLIFIER CHANGES REDUCE 
OVERSHOOT WHEN USED WITH 
540B SERIES OSCILLOSCOPES 

Effective Prod s/n 2950 

See SQB M9564 

Usable in field instruments s/n 101-2949 

FRONT PANEL SYMPTOM: 3-5% overshoot in 540B instruments (only) which is not correct
able by peaking adjustments. 

PROBLEM: Present amplifier output impedance of 200Q is not low enough. 

PRODUCTION CHANGE: The output stage transistors Q6564 and 06574 are replaced and 
associated components changed (see Before and After schematics) to lower the output 
impedance to l 00 Q. 

Overshoot is reduced to about 1-1/2% in 540B oscilloscopes after calibration of the 
10 1 unit in the 544, 546 and 547. Transient Response remains excellent in 540A, 
544, 546 and 547 instruments. 

Parts Removed: 

R6520,R6523 
R6522 
R6563,R6573 
R6569,R6579 
R6568 
R6564,R6574 
R6565, R6575 
R6576 
C6523 
C6565 
C6579 
D6576 
L6565, L6575 
L6524, L6544 
L6564, L6574 
Q6564, Q6574 

Parts Added: 

R6522 
R6568 
R6560,R6570 
R6567,R6577 
R6562, R6572 
R6578 
R6546 
C6562,C6572 
C6525,C6545 
C6546 
D6576 
L6524, L6544 
Q6564, Q6574 

continued 
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Resistor, WW, lQ 1/2W 5% 
Resistor, comp, 220Q 1/4W 10% 
Resistor, compr 3.9k 1/2W 10% 
Resistor, comp, 9.lk 1/2W5% 
Resistor, prec, 119Q 1/4W 1% 
Resistor, prec, 200Q l/8W 1% 
Resistor, comp, 4. 7Q 1/2W 10% 
Resistor, comp, 3. 9k 2W 100/o 
Capacitor, disc, 0.1 µF 10 V 
Capacitor, disc, 0.0022µF 50V 
Capacitor, disc, 0. 02 µF 150 V 
Diode, Zener, 6.3V 
Core, ferramic suppressor 
Coil, variable, 0.2 -0.325µH 
Coil, variable, 0.5-1.0µH 
Transistor, 2N 1143 
Socket, transistor, 3-pin (2) 
Screw, thread-forming, 4 x 1/4 (2) 
Cable, chassis 

Resistor, comp, 330Q 1/2W 5% 
Resistor, prec, 40. 2 Q 1/8W 1% 
Resistor, comp, 10k 1W5% 
Resistor, prec, lO0Q 1/8W 1% 
Resistor, comp, 220Q 1/4W 5% 
Resistor, comp, 8.2k 1/4W 5% 
Potentiometer, comp, 20 k 
Capacitor, cer, 0. 001 µF 100 V 
Capacitor, cer, 15 pF 500 V 
Capacitor, variable, cer, 9-35 pF 
Diode, Zener, 3 V 
Coil, variable, 0.5-1.0µH 
Transistor, (similar 2N2475) 

*Socket, transistor, 4-pin 
* Cable, chassis 

0 MODIFICATION SUMMARY 

308-0141-00 
316-0221-00 
302-0392-00 
301-0912-00 
319-0050-00 
318-0083-00 
307-0023-00 
306-0392-00 
283-0023-00 
283-0028-00 
283-0004-00 
152-0016-00 
276-0528-00 
114-0149-00 
1 14-0043-00 
151-0067-00 
136-0181-00 
213-0088-00 
179-0712-00 

301-0331-00 
321-0059-00 
303-0103-00 
321-0097-00 
315-0221-00 
315-0822-00 
311-0337-00 
283-0065-00 
281-0509-00 
281-0063-00 
152-0076-00 
114-0043-00 
151-0120-00 
136-0182-00 
179-0712-00 
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INSTALLATION INSTRUCTIONS: 
M9564 
(con 1d) 

Parts Required: See Parts Added, except cable and socket marked with asterisks. 

lnsta I lat ion Procedure: 

Refer to Figs. 1 and 2 for ceramic strip locations while performing the following steps. 

a) Unsolder and remove the fol lowing components and wires (some components may 
be re-used): 

white-brown wire from top terminal of l6574 
white-blue wire from top termina I of l6564 
bare wire between the top terminals of l6574 and (6564 
bare wire between the top termina Is of l6564 and (6574 
R6520, 1 Q resistor between CSB-16 and CSC-16 
R6523, 1 Q resistor between CSB-14 and CSC-14 
R6522, 220Q resistor between CSB-15 and CSC-15 
C6523, 0.1 µF capacitor between CSB-14 and CSB-16 
bare wire between CSB-15 and CSC-16 
R6524, 200Q resistor between CSB-14 and l6524 
R6551, 100k resistor between CSB-13 and l6524 
R6556, 100k resistor between CSB-12 and l6524 
D6576, Zener diode between CSB-11 and CSC-11 
(6576, 0. 01 f.lF capacitor between CSB-10 and CSC-10 
bare wire between CSC-10 and CSC-11 
bare wire between CSB-10 and ground 
bare wire between CSB-11 and CSB-15 
bare wire between CSC-14 and CSC-16 
R6565, 4.7Q resistor between CSB-9 and CSC-9 
R6564, 200Q resistor between CSB-9 and L6564 
R6574, 200Q resistor between CSB-7 and L6574 
R6575, 4.7Q resistor between CSB-7 and CSC-7 
bare wire between CSC-7 and CSC-9 
C6565, 0.00221--1F capacitor between CSB-7 and CSB-9 
R6569, 9. 1 k resistor between CSB-5 and CSC-5 
R6563, 3. 9 k resistor between CSB-4 and CSC-4 
R6573, 3. 9 k resistor between CSB-2 and CSC-2 
R6579, 9.1 k resistor between CSB-1 and CSC-1 
(6579, 0.02f-lF capacitor between CSC-1 and CSC-5 
bare wire between CSC-2 1 CSC-3 and CSC-4 
bare wire between CSB-1 and CSB-2 
bare wire between CSB-4 and CSB-5 
bare wire between CSB-5 and Q6564 emitter 
bare wire between CSB-2 and Q6574 emitter 
R6568, 119 Q resistor between Q 6574 and Q6564 emitters 
l6574, coi I located on chassis 
l6564, coi I located on chassis 

b) Unsolder the white-red wire from CSC-10 and clip it off where it enters the 
cable (the other end will be removed later). 

c) Move the white-green wire from CSB-16 to CSB-15. 

d) Move the two white-violet wires from CSC-15 to CSC-16. 

continued 
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I nsta I lat ion Procedure: 

e) Move the white-orange wire from CSC-13 to CSC-14. 

f) Move the white-green wire from CSC-12 to CSC-13. 

g) Move the white-brown-black-brown wires from CSC-2 and CSC-3 to CSC-4. 

h) Trim and solder the white-brown wire (unsoldered from L6564 in step a -- other 
end to rear connector pin 3), to CSC-6. Do not re-insta II the toroid core 
(L6575) if present. 

i) Trim and solder the white-blue wire (unsoldered from l6564 in step a -- other 
end to rear connector pin 1), to CSC-9. Do not re-instal I the toroid core 
( l6565) if present. 

k) Check Step -- The following wiring should now be on CSB and CSC: 
white-green wire at CSB-15 
three white-brown-black-brown wires at CSC-4 
white-brown wire at CSC-6 
white-blue wire at CSC-9 
bare wire between CSC-9 and CSC-10 
bare wire between CSB-12 and CSC-12 
bare wire between CSB-13 and CSC-13 
white..;,green wire at CSC-13 
white-orange wire at CSC-14 
two white-violet wires at CSC-16 

m) Replace l6544 and l6524 with 0.5-1 µH coils 

n) Install the following wires and components: 

continued 

bare wire between CSB-6 and CSB-10 (inside) 
bare wire between CSB-10 and CSB-11 (outside) 
bare wire between CSB-11 and CSB-16 (inside) 
bare wire between CSC-1 and CSC-3 (outside) 
bare wire between CSC-3 and CSC-11 (inside) 
bare wire between CSC-11 and CSC-12 (outside) 
bare wire between CSB-12 and ground on V6524 socket 
bare wire between CSC-6 and CSC-7 
bare wire between CSB-16 and CSC-15 
bare wire between CSB-14 and CSC-14 
bare wire between CSA-1 and Q6574 base 
bare wire between CSA-4 and Q6564 base 
bare wire between CSB-1 and Q6574emitter 
bare wire between CSB-3 and Q6564 emitter 
bare wire between CSB-7 and Q6574 collector 
bare wire between CSB-9 and Q6564 collector 
bare wire between Q6574 collector and C6564 top terminal 
bare wire between Q6564 collector and C6574 top terminal 
C6545, 15 pF capacitor between pin 5 of V6544 and ground on socket 
C6525, 15 pF capacitor between pin 5 of V6524 and ground on socket 
R6568, 40. 2 Q resistor between Q6574 emitter and Q6564 emitter 
C6546, 9-35 pF capacitor between CSA -1 and CSA-3 
R6546, 20k potentiometer between CSA-3 and CSA-4 
R6570, 10 k resistor between CSB-1 and CSC-1 
R6560, 10 k resistor between CSB-3 and CSC-3 

M9564 
(con'd) 
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I nsta I lati on Procedure: 

n) continued 

R6577, lO0Q resistor between CSB-6 and CSC-6 
R6572/C6572, 2200-0.001 µF resistor-capacitor combination between 

CSB-7 and CSC-7 
R6562/C6562, 220Q-0.001 µF resistor-capacitor combination between 

CSB-9 and CSC-9 
R6578, 8. 2 k resistor between CSB-7 and CSB-9 
R6567, 100Q resistor between CSB-10 and CSC-10 

** (6576, 0. 01 f.lF capacitor between CSB-11 and CSC-11 
D6576, 3 V Zener diode, between CSB- 15 and CSC-15 (cathode) 
R6522, 330Q resistor between CSB-16 and CSC-16 

** R6524 1 200Q resistor between CSB-15 and l6524 top termina I 
**R6551, 100k resistor between CSB-14 and l6524 top terminal 
** R6556, 100 k resistor between CSB-13 and l6524 top termina I 

** Removed in step a 

M9564 
(con'd) 

p) Unsolder and remove the 3. 9 k resistor (R6576) located between CSH-5 and CSJ-5. 

q) Remove the bare wire between CSH-4 and CSH-5. 

r) Remove the bare wire between CSJ-5 and CSK-1. 

s) Unsolder the white-red wire from CSK-1 and clip it off where it enters the cable 
(other end clipped in step b). 

t) Remove the "L6564 11 and "l6574" silkscreening from the chassis with lacquer 
thinner or similar mineral solvent. 

u) Replace Q6564 and Q6574 with the new 151-0120-00 transistors. 

CSH 13 
RIGHT SIDE OF UNIT 1,11111111111un 

I CSJ 13 
w111111111:111 

I CSK 9 
1111111111111 

Ul!Hiffl I 

IG 
I@ e al§ 1 fi fi Bi@ @ ti q a e I 

CSF :z.o 

I CSGio :z.o 
bi@@e1ul11@1@Hi11lil 

,:: ____________________ _ 

Fig. 1 · Fig. 2 

continued 
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-T-----, 
I I 

3F 4R 

C6541 
3-12. 

C6521 
3-12 

R6519 
330K 

C6519 
,01 

continued 
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INPUT AMPLIFIEf<, 

+75V 

!VARIABLE I 
(VOLTS/CM) 

R653O 
710 

RG541 
47 

R6531 
15K 

R6533 
5K () 

C6539 
I,<,/ 

R6532 R6536 
15K Q ,IOI< 

-1sov) 

[GAIN ADJ, I 
7 V6544 

l2AUG 

6 

L6544 
0.2- o.325,uh 

Rlo544 
200 

C6574-
0.7 - 3 

P05\T!Ol-! 

C6564 
0.7-3 

BEFORE 

I :1 

R6551 
JOOK 

R6556 
IOOK 

+'2.'15V 

·1-

M9564 
(con'd) 

OUTPUT AMPLI Fl E~ 

VEl<.T. P05. 
Fe.ANGE 

+I00V 

Q6564 
ZNl/43 INTERCON~Jl:CTING 

PLUG 

<r---+--+-,JLr----r-,1 
I 

L6564 
0-5-1,uf, 

R6564 
200 

R'-565 
4,7 

C6565 
.0022 

L~565 
:o.VJn: 

R6569 
:,.1K 

C6579 
,02 

Rb579 
9.IK 

I I 
I I 
I I 
I I 
I I 

rizl 
-=- I I 

I I 
I I 
I I 
I I 

L6575 I I 
,.__ ___ ....... _~~:r~µ-n! _____ ~131 

. ' I I 
I I 
1>4 I 
l>s I 
1>6 I 
1>1 I 
I I 
l>a I 

'2 

+IOOV 

I 
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·- T ----, 
I I 

c'> F -1-R 

I 

C6521 
3-12 

t- .)CJD' R6519 / 330K 
X 

a./ C<,519 
.01 

C6541 
. 3-12. 

5-20-66 

!VARIABLE! 
(VOLTS/CM) 

R6530 
710 

V6524 
l2AU6 

6 

R6531 
15K 

R6533 
5K () 

1 1'l'l 

" 

C6539 
1,uf 

RE.5:32 R6536 
15K () IOI<; 

-1sov) 
[GAIN ADJ, I 

1 V6544 
l2AU6 

6 

POSITION 

R6551 
IOOK 

R6556 
IOOK 

+'1.'25V .__,_,,A--

C6564 
0.1- 3 

AFTER 

4 
• -,•I 

VER.T, ?OS. 
f:?_ANGE 

0 MODIFICATION SUMMARY 
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EXTERNAL INPUT COUPLING 
CAPACITOR REPLACED WITH 
IMPROVED MORE RELIABLE TYPE 

Effective Prod s/n 3020 

FRONT PANEL SYMPTOM: None. 

INFORMATION ONLY 

PROBLEM: Impregnated polycarbonate fi Im is more reliable and has a better dielectric 
absorption characteristic than mylar fi Im. 

PRODUCTION CHANGE: C6501 was changed from the type with mylar dielectric to a 
type with impregnated polycarbonate fl Im dielectric. The value and voltage rating 
remained unchanged. 

Parts Removed: 

C6501 

Parts Added: 

(6501 

Capacitor, PTM, 0.1 f-lF 600 V 

Capacitor, PTM, 0.1 µF 600 V 

6AU6 & 12AU6 TUBES REPLACED BY 
PREMIUM 8425 & 8426 TUBES TO REDUCE 
MICROPHONICS, INTERFACE AND GRID 
CURRENT PROBLEMS 

Effective Prod SN none given 

INF OR MA TION ONLY 

285-0556-00 

285-0672-00 

FRONT PANEL SYMPTOM: Microphonics, interface, and grid current. 

PROBLEM: Usage of 6AU6 and 12AU6 tubes results in high reject rate and length of 
selection time because of microphonics, interface, and grid current. 

PRODUCTION CHANGE: Type 6AU6 and 12AU6 tubes were replaced by 8425 and 8426 
premium tubes. 

Parts Removed: 

V5524, V5534, 
V5574, V5584 

V6524, V6544 

Parts Added: 

V5524, V5534, 
V5574, V5584 

V6524, V6544 

Page 22 

Tube, raw 12AU6(154-0040-00) Subpart of 

Tube, raw, 12AU6(154-0040-00) Subpart of 

Tube, raw 8426"12AU6(154-0040-05) Subpart of 

Tube, raw 8426"12AU6(154-0040-05) Subpart of 

0 MODIFICATION SUMMARY 

157-0071-00 

157-0077-00 

157-0071-00 

157 -0077 -00 

M9957 

Ml0548 
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OPERATIONAL AMPLIFIER 
ZZ 1000 CURRENT INCREASED FOR 
MORE STABLE OPEN-LOOP GAIN 

See SQB 

Effective Prod SN 3240 Usable in field instruments SN 813-3239* 

* Or SN 101-813 with Mod Kit 040-0301-00 or 040-0301-01 installed 

M 10869 

FRONT PANEL SYMPTOM: Erratic closed-loop gain at very high (much larger than 100) gain. 

PROBLEM: It was hard to set open-loop gain accurately during calibration due to insufficient 
current through V5539 and V5589. This was especially a problem at very high (much 
larger than 100) gain settings. 

PROD CHANGE: The current through V5539 and V5589 was increased by changing the 
values of the biasing resistors. This mod is incorporated into Mod Kit 040-0301-02. 

Parts Removed: 

R5523,R5573 Resistor, comp, 
R5539,R5589 Resistor, comp, 

Parts Added: 

R5523,R5573 Resistor, comp, 
R5539, R5589 Resistor, comp, 

INSTALLATION INSTRUCTIONS: 

Parts Required: 

See I Parts Added'. 

lnstol lation Procedure: 

39k 2W 
180k 1W 

27k 2W 
82 k 2W 

5% 
l 00/o 

5% 
5% 

3 05 -03 93-00 
304-0184-00 

305-0273-00 
305-0823-00 

Replace the resistors as I isted above, located on the ceramic strips near the gas tubes . 
(V5539 and V5589). 
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NEON INDICATING LAMPS 
AND HOLDERS REPLACED 
WITH IMPROVED TYPE 

Effective Prod SN 3280 

FRONT PANEL SYMPTOM: None. 

PROBLEM: None. 

INFORMATION ONLY M8002 

PRODUCTION CHANGE: The indicating neon holders were replaced with a type which in
creased wide-angle visibility and is neater in apperance. The new holders, being 
slightly shorter, require a type NE-2V neon bulb and a shorter mounting screw. 

Parts Removed: 

B5517, B5567 

Parts Added: 

B5517, B5567 

Bulb, neon, NE-23 
Holder, neon, single 
Screw, 4-40 x l FHS 

Bulb, neon, NE-2V 
Holder, neon, single 
Filter, lens, neon indicator 
Screw, 4-40 x 7 /8 FHS 

FERRITE CORE REPLACED WITH MORE 
READILY AVAILABLE TYPE AND TO 
REDUCE COST 

INFORMATION ONLY 

Effective Prod SN ,3430 

FRONT PANEL SYMPTOM: None. 

150-0027-00 
352-0008-00 
211-0031-00 

150-0030-00 
352-0067-00 
378-0541-00 
211-0109-00 

PROBLEM: The O. 7 µH ferrite core is not available in sufficient quantity and is 
replaceable with a O. 6 µH ferrite core at a cost saving. 

PRODUCTION CHANGE: The 0. 7 µH ferrite cores, L5520, L5530, L5570 and L5580, 
were replaced by a O. 6 µH ferrite core. 

Parts Removed: 

L5520, L5530, 
L5570, L5580 

Parts Added: 

L5520, L5530, 
L5570, L5580 

Page 24 

0. 7 µH ferrite core 276-0532-00 

0. 6 µH ferrite core 276-0507-00 

0 MODIFICATION SUMMARY 
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10% AND 20% ZENER DIODE 
CHANGED TO STANDARD 5% UNIT 

Effective Prod SN not given 

FRONT PANEL SYMPTOM: None. 

INFORMATION ONLY Mlll91 

PROBLEM: Zener diode values are at present widely scattered in both voltage and 
tolerance. The proposed modifications will standardize all 400 mW, 1 W, 1. 5 W 
and 10 W Zeners now listed as 10 and 20'fo, to 5% tolerance; and change the 
majority of non-standard parts to standard TEDEC units. One of these changes 
is to minimize the number of active part numbers. There will be no i.ncrease in 
cost for the 5% Zeners. 

PRODUCTION CHANGE: Voltage tolerance for 10% and 20% Zener diodes was changed 
to 5% for all uses. At the same time, all 250mW Zener diodes were changc'd to 
400 mW. Refer to pans removed and added list for details. 

Parts Removed: 

D6576 

Parts Added: 

D6576 

3-18-68 

Diode 1N437 2 3 V ±10% 152-0076-00 

Diode 1N4372A 3 V ±5% 152-0278-00 
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OPERATIONAL AMPLIFIERS 
Zi Zf REfilSTORSCHANGED 
TO 1/2% METAL FILM TO 
ELIMINATE SELECTION 

See SQB Mll478 

Effective Prod SN 3520 Usable in field instruments SN 101-3519 

FRONT PANEL SYMPTOM: None. 

PROBLEM: Zi Zf resistors often must be selected to meet A & B SELECTOR switches 
1 % gain matching specification. 

PRODUCTION CHANGE: The tolerance of the Zi Zf resistors was changed from 1% to 
1/2%. R5509B, R5509C, R5511B, and R5511C will be changed when the parts 
become available. 

Parts Removed: 

R5511A, R5509A 
R5511D, R5509D 
R5511E, R5509E 
R5561A, R5559A 
R5561D, R5559D 
R5561E, R5559E 

Parts Added: 

R5511A, R5509A 
R5511D, R5509D 
R5511E, R5509E 
R5561A, R5559A 
R5561D, R5559D 
R5561E, R5559E 

Resistor, prec 1 M l/2W 1% 
Resistor, prec 100k 1/2 W 1% 
Resistor, prec 10k l/2W 1% 
Resistor, prec 1 M 1/2 W 1% 
Resistor, prec 100 k 1/2 W 1% 
Resistor, prec 10k l/2W 1% 

Resistor, prec MF 1 M l/2W 1/2% 
Resistor, prec MF 100k l/2W 1/2 % 
Resistor, prec MF 10k l/2W 1/2% 
Resistor, prec MF 1 M 1/2 W 1/2 % 
Resistor, prec MF 100k l/2W 1/2% 
Resistor, prec 10k l/2W 1/2% 

INSTALLATION INSTRUCTIONS: 

Parts Required: See 'Parts Added'. 

Installation Procedure: 

309-0148-00 
309-0260-00 
309-0100-00 
309-0148-00 
309-0260-00 
309-0100-00 

323-0481-01 
323-0385-01 
323-0289-01 
323-0481-01 
323-0385-01 
323-0289-01 

a) Replace the following resistors, located on the Channel A Selector switch, as required: 

R5511A ( 1 M) located between Wl -9F and W2-9R. 
R5511D ( 100k) located between Wl-12F and W2-12R. 
R5511E ( 10k) located between Wl-lF and W2-1R. 
R5509A (1 M) located between W4-7R and W3-7F. 
R5509D ( 100 k) located between W4-10R and W3-10F. 
R5509E (l0k) located between W4-11R and W3-11F. 

b) Replace the following resistors, located on the Channel B Selector switch as required: 

R5561A (1 M) located between Wl-9F and W2-9R. 
R5561D (100k) located between Wl-12F and W2-12R. 
R5561E (10k) located between Wl- lF and W2-1R. 
R5559A (1 M) located between W3-9F and W4-9R. 
R5559D (100 k) located between W3-12F and W4-12R. 
R5559E (10k) located between W3-1F and W4-1R. 

continued 
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NOTE: The following method is used to 
identify the Channel A or B Selector 
switch terminals: 

The wafers are numbered from front to 
the rear. 

The contact positions are numbered 
1 through 12 relative to the index key 
as shown in drawing. 

The contacts have an "F" or ":R" suffix 
which denotes that they are on the front 
or the rear of the wafer. 

Example: W2-7R (denoted by * on 
drawing) is contact #7 on the rear of 
wafer 2. 

Zi AND Zf RESISTOR TOLERANCE 
CHANGED TO REDUCE EFFECT 
OF TOLERANCE ACCUMULATION 

Effective Prod SN 3800 

FRONT PANEL SYMPTOM: None. 

Mll478 
(cont) 

( TYPICAL SWITCH CONFIGURATION) 
3F 

INFORMATION ONLY Ml1605 

PROBLEM: Parts tolerance accumulations was causing test to have to select components to 
meet instrument specifications. 

PRODUCTION CHANGE: Tolerance of l/2W resistors was changed from 1% to V2%. 

Parts Removed: 

R5509B, R5511B, 
R5559B, R556 l B 

R5509C, R5511C, 
R5559C, R5561C 

Parts Added: 

R5509B, R5511 B, 
R5559B, R5561 B 

R5509C, R5511C, 
R5559C, R5561C 

3-18-68 

Resistor, precision, 500 k 1/2 W 1% 

Resistor, precision, 200 k 1/2 W 1% 

Resistor, precision, 500k 1/2W 1/2% 

Resistor, precision, 200k 1/2W 1/2% 

0 MODIFICATION SUMMARY 

309-0140-00 

309-0444-00 

323-0740-01 

323-0414-01 
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OPERATION AMPLIFIERS 
TRANSISTOR TYPE CHANGED 
TO ELIMINATE OSCILLATION 

INFORMATION ONLY 

BE:fb 

Effective Prod SN 3880 

FRONT PANEL SYMPTOM: Operational amplifiers oscillate. 

PROBLEM: It is possible to operate Q5523 and Q5573 above the BVceo specifications 
for the 151-0096-00 type transistors used there. 

PRODUCTION CHANGE: The 151-0096-00 transistors were changed to 151-0150-00. 

This modification has been incorporated into Field Modification Kit 040-0301-02. 

Parts Removed: 

Q5523, Q5573 

Parts Added: 

Q5523, Q5573 

Transistor, silicon, 2N1893 

Transistor, silicon, 2N3440 

151-0096-00 

151-0150-00 

M 11567 
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OPERATIONAL AMPLIFIER IMPROVEMENTS 

For Tektronix Type 'O' Plug-in Units 
Serial numbers 101-813 * 

DESCRIPTION . 

This modification incorporates several refinements · 
in_ ·the operational amplifiers of _the Type 'O' unH. 

Section A improves the cross-talk characteristics _ 
by relocating -several wires and changing the de- · 
coupli _ng arrangeme _nt. 

Sections B and C improve the temperature-sensi- · 
ti ve drift . characteristics of the 'A' and 'B' ampli-
fier ·s. · 

Section D increases . the accuracy of the _output 
· amplifier when Zf is set at lOpf and the INTE
GRATOR LF REJECT is OFF. * 

The 'instructions are divided so that any part of the 
modification may be perforf!led separately if de
sired. 

*Section D . applies to s/n 101-318 (with the 
exception of a few instruments in this range 
already modified at the factory). , 

November 1963 

® 

Publication: 
Instructions for .040-301 
November 1963 

Supersedes: 
February 1963 
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PARTS LIST 

Quantity Description Part Number 

2 ea. Transistor, NPN, TEK Special 151-096 
2 ea. Diode, Zener, 11 V 1/4w 5% 152- 055 
4 ea. · Tube, gas diode, ZZlO00 154-370 
2 ea. Capacitor, cer, 0.01 pf 150v Hi-Kap 283-003 
2 ea. Capacitor, cer, 0.02pf 150v Hi-Kap 283-004 
2 ea. Re sis tor, comp, 180k lw 10% 304-184 
2 ea. Resistor, comp, 39k 2w 5% 305-393 
2 ea. Resistor, WW, 22k 7w 1% 308 .. 241 
4 ea. Resistor, prec, 45k l/2w 1% 309-354 
2 ea. R~sistor, comp 1 lk l/4w 5% 315-102 
2 ea. Resistor, prec, 40.2k l/2w . 1% 323-347 
4 ea. Clamp, neon bulb, no.20 wire, bare 343- 043 
4 ea. Tag, MODIFIED INSTRUMENT, gummed back (001-910) 
1 ea. Tubing, plastic, no.20 black 6in. (162 - 504) 

I 

1 ea. Wire; no.22 solid, 12in. black-hr own-green-brown (175 - 514) 
1 ea. Wire, no.22 solid, 4in. black-b r ow·n-green-btown . (175-514) 
1 ea. Wire, no.27 solid, twisted pair, 8-l/2in. white-y e llow/white-brown (175-522) 
1 ea. Wire, no.22 solid, twisted pair, 6in. white -g r een/white-brown (175 - 522) 
1 ea. Wire, no.22 solid, 6-l/4in. white-black-violet (175-522) 
1 ea. Wire, no.22 solid, 2-l/2in. white-y ellow (175-522) 
1 ea _. Wire, no.22 solid, 12in. bare (176-005) 
2 ea. Wire, no .22 solid, pre-bent for 5· small notches (176-139) 
1 ea. Wire, solder, silver-bearing 24in. 

INSTRUCTIONS 

- -- _...... . - · . 
RIGHT SIDE OF UNIT 

I CSH . 13 
I I 11111111 I I 11111 

I CSJ 13 
1111111111111 1111 

I CSK 9 
111111111111 i 
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INSTRUCTIONS (Con'd) 

IMPORTANT: When soldering to the ceramic strips, 
use the silver-bearing solder supplied with this kit. 

A. TO IMPROVE THE CROSS TALK CHARAC
TERISTiCS: 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

1. Unsolder the white-green and white
brown wires from CSG-17 and CSG-18. 

Cut off these leads atthepointwhere they 
enter the wiring l}arness. 

2. Unsolder the white-green and white
brown wires from the amplifier 'A'OUT
PUT DC LEVEL ADJ potentiometer. 

Solder both of these wires to the ground 
terminal on the potentiometer. 

3. Dress and solderthewhite-green/white
brown twisted pair (from kit) as follows: 

white-green to CSG-17 and lower (cw) 
terminal of 'A' OUTPUT DC LEVEL 
ADJ potentiometer. 

white-brown to CSG-18 and upper (ccw) 
terminal of 'A' OUTPUT DC LEVEL 
ADJ potentiometer. 

( ) 4. Unsolder the white-yellow and white
brown wires from CSE-17 and CSE-18. 

( ) 

( ) ~. 

( ) 

Cut off these leads at the point where they 
enter the wiring harness. 

Unsolder the white-yellow and white
brown wires from the Amplifier 'B 'OUT- . 
PUT DC LEVEL ADJ, potentiometer. 

Solder both of these wires to the ground 
terminal on the potentiometer. 

( ) 6. Dress the white-yellow /white-brown 

( ) 

twisted pai:i;- (from kit) under the shield 
and along the wiring harness. Solder as 
indicated: 

white-yellow to CSE-17 and lower (cw) 
terminal of 'B' OUTPUT DC LEVEL 
ADJ potentiometer. 

November 1963 

Step 6 (con'd) 
( ) white-brown to CSE-18 and upper ( ccw) 

terminal of 'B' OUTPUT DC LEVEL 
ADJ potentiometer. 

ALLWIR ES REFERRED TO IN STEPS 7 THROUGH 
13 ARE COLOR-CODED BLACK-BR0WN-GREEN
BROWN 

( ) 7. Unsolder all three wires from CSE-20. 

( ) 8. Unsolder the wire which goes through the 

( ) 

( ) 

( ) 

grommet from R5596(12k, 10w resistor, 
mounted on other side of chassis). · 

With an ohmmeter, locate the other end of 
this wire (unsoldered in step 15) and clip 
off both ends, or removeit from the cable. 

9. Determine which of the wires, unsoldered 
in step 7, goes to CSD-7. 

Dress this wire through the grommet and 
solder to R5596. 

( ) 10. Solder the remai11ing wire (unsoldered in 
step 7) and one end of the 12 in. wire 
(from kit) to CSE-20. , 

( ) Dress the other end of this wire through 
the grommet; across the chassis, and 
solder it to CSH-13 (see Fig.1). 

( ) 11. Unsolder both.wires from CSG-20. 

( ) 12. With an ohmmeter, determine which of 
these wires goes to CSF-7. 

( ) Unsolder the wire from CSF - 7 and clip 
both ends where they enter the cable. 

( ) Resolder 1the remaining wire to CSG-20. 

( ) 13. Solder one end of the 4in. wire(fromkit) 
to CSF-7, 

( ) Dress the wire through tlie hole near 
R5532 and solder it to R5546 ( 12k, 10 w) 
at the terminal nearest the chassis. 
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INSTRUCTIONS (Con'd) 

REFER TO FIG. 2 FOR CERAMIC STRIP LOCA
TIONS AND NUMBERING 

B. TO IMPROVE THE AMPLIFIER 'A' DRIFT 
CHARACTER IS TICS: 

14. Remove the following components and 
wires. (DO NOT discard anycomponents 
until the modification is completed): 

NOTE: The shield below CSG may be temporarily 
removed if desired. 

( ) 100k (R5540) l/4w betweenCSF-4andCSG-4 

( ) 1N3044B (05529) between CSF -5 and CSG-5 

() 0.lµf(C5528) 200vbetweenCSF-8andCSG-8 

( ) 45k '(R5525) 1% between CSF-9 .and CSG-9 

( ) 1N3044B·(D5528) betweenCSF-12andCSG-12 

Step 14 (con'd) 
( ) 33 k (R5523) 1% between CSF-14 and CSG-14 

( ) 47k (R5521) l/2w between CSF-17 and CSG-
17 

( ) 47 k (R5531) 1/2 w between CSF-18 and CSG-
18 

( ) 22k (R5526) 2w between CSF-20 and CSG-20 

( ) bare wire between CSF-3 and CSF-4 

( ) bare wire between CSF-5 and CSF-8 

( ) bare wire between CSF -10 and CSF -12 

( ) bare wire between CSF ~12 and CSF-14 

( ) bare wire between CSG-5 and CSG- 7 

( ) bare wire between CSF-5 and pin 3 of V5543 

( ) 15. Move the white-orange-green-brown 
wire from CSG-14 to CSG-15. 

1111111111 
I CSA 7 LE-FT SIDE OF UNIT 
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INSTRUCTIONS (Con'd) 
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INSTRUCTIONS (Con'd) 

16. Solder the following wires and compo
nents to the points indicated in Fig. 3, 
(Parts from kit except as noted): 

( ) bare wire from CSF-5 to CSG-6 

( ) bare wire from CSF -6 to CSF -7 

( ) bare wire from CSG-6 to CSG- 7 

( ) pre-bent wire from CSF-10 to CSF-14 

( ) bare wire from CSF -14 to CSF-15 

( ) 100k 1/4w (removed instep 14) from CSF-3 
to CSF-5 

( ) ZZlO00 {dimpled lead to CSG-3 
unmarked lead to CSG-4 

( ) neon bulb clamp to CSF-4 

( ) 11 Z { cathode (banded) end to CSG-5 
v ener 

. unmarked end to CSF-5 

( ) 0.1 µf 200v(removedin step 14) from CSG-8 
to CSG-12 . 

( ) 180k 1 w from CSF-6 to CSF-13 

( ) 40.2k 1% from CSF-9 to CSG-9 

(,) lk 1/4w .from CSF-11 to CSF-13 

( ) 0.02µf 150v from CSF-11 to CSF-14 

NOTE: Place a 1/4in. length ofplastictubing(from 
kit) on each capacitor lead. 

( ) 

( ) 

39k 2 w from CSF-15 to CSG-15 

ZZlO00 {dimpled lead to CSF-14 
unmarked lead to CSF-13 

( ) neon bulb clamp to CSG-13 

( ) 45k 1% from CSF-17 to CSG-17 

' 

() 4Skl%fromCSF-18toCSG-18 

( ) 22 k 7 w from CSF-20 to CSG-20 

() 17. Place a l/2in. length of plastic tubing 
(from kit) on each lead of the special 
transistor from the kit. 

November 1963 

Step 17 (con'd) 
Solder the transistor leads as follows 
(see Fig. 5): 

NOTE: Transistor base diagram is shown in Fig. 4. 

( ) 

( ) 

( ) 

( ) 

emitter to CSG-12 

base to CSF -11 

collector to CSF-10 

Replace the shield, if removedinstep 14. 

C. TO IMPROVE THE AMPLIFIER 'B' DRIFT 
CHARACTERISTICS: 

18. Remove the following components and 
wire.s. (DO NOT discard any components 
until the modification is completed): 

( ) 100k (R5590) 1/4w betweenCSD-4andCSE-4 

( ) 1N3044B (D5579) between CSD-5 and CSE-5 

( ) 0.1 µf (C5578) 200vbetweynCSD-8andCSE-8 

( ) . 45 k (RSS75) 1% between cso..:9 and CSE-9 

( ) 1N3044B (D5578) betweenCSD-12andCSE~l2 

( ) 33k (RSS73) 1% between CSD-14 and CSE-14 

( ) 47k (RSS71) l/2w between CSD-17 and CSE-
17 

I 

( ) 47k (R5581) l/2w between CSD-18 and c:sE-
18 

( ) 22k (R5576) 2 w between CSD-20 and CSE-20 

( ) bare wire between CSD-3 and CSD.~4 

( ) bare wire between CSD-5 and CSD~8 

( ) bare wire between CSD-10 ahd CSD-12 

( ) bare wire between CSD-12 and CSD-14 ,, 

( ) bare wire between. CSE-5 and CSE-7 

' 

( ) bare wire. between CSD-5 and pin 3 of V5593 

( ) 19. Move thetwo·white-orange-green-brown 
wires from CSE-14 to CSE-15. 
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INSTRUCTIONS (Con'd) 
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INSTRUCTIONS (Con'd) 

20, Solder the following wires and compo
nents to the points indicated in Fig. 6, 
(Parts from kit except as noted): 

( ) bare wire from CSD-5 to CSE-6 

( ) bare wire from CSD-6 to CSD-7 

( ) pre-bent wire from CSD-10 to CSD-14 

( ) 

( ) 

( ) 

( ) 

bare wire from CSD-14 to CSD-15 

bare wire from CSE-6 to CSE-7 

100k, l/4w (removed in step 18) from CSD-3 
to CSD-5 

ZZlO00 {dimpled lead to CSE-3 
, unmarked lead to CSE-4 

( ) neon bulb clamp to CSD-4 

( ) 11 Z { cathode (banded) end.to CSE-5 
v ener 

. unmarked end to CSD-5 

( ) 0.1 µf, 200v(removedin step 18) frorrt CSE-8 
to CSE-12 

( ) 180k, 1 w from CSD-6 to CSD-13 

( ) 4b.2k, 1% from CSD-9 to CSE-9 

( ) lk, l/4w from CSD-11 to CSD-13 

November 1963 

Step 20 ( con 'd) 

( ) 0.02µf, 150v from CSD-11 to CSD-14 

NOTE: Place a l/4in. length of plastic tubing(from 
kit) on each capacitor lead. 

() 39k,2wfromCSD-15toCSE-15 

( ) 

( ) 

( ) 

ZZlO00 {dimpled leaq to CSD-14 
unmarked lead to CSD-13 

neon bulb clamp to CSE-13 

45k, 1% from CSD-17 to CSE-17 

( ) 45k, 1% from CSD-18 to CSE-18 

( ) . 22k, 7 w from CSD-20 to CSE-20 

( ) 21. Place a 1/2 in. length of plastic tubing 
(from kit) on each lead of the special 
transistor from the kit. 

Solder the . transfstor leads as follows 
(see Fig. 6): 

NOTE: Transistor base diagram is shown in Fig, 7. 

( ) 
( ) 
( ) 

emitter to CSE-12 
base to CSD-11 
collector to CSD-10. 
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INSTRUCTIONS (Con'd) 

( TYPICAL SWITCH CONFIGURATION ) 

Fig. 8 

-1- - ---•--,- -- -- -

w-blc.-v (2.l 

Fig. 9 
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INSTRUCTIONS (Con'd) 

D. TO INCREASE THE OUTPUT AMPLITUDE 
ACCURACY: 

(Applies only to s/n 101-318, with exceptions. 
These exceptions may bedeterminedbycom
paring the wiring ofeitherINTEGRATIONLF 
REJECT switch with Fig. 9. If they are the 
same, omit steps 22 through 40.) 

NOTE: The following method is used to identify the 
SELECTOR switch terminals: 

The wafers are numbered from the front to the rear. 

The contact positions are numbered 1 through 12 re
lative to the index key, as shown in Fig. 8. 

The contacts have an "F" or "R" suffix which de .. 
notes that they are on the front or the rear of the 
wafer. 

( ) 

( ) 

( ) 

( ) 

EXAMPLE: W2-7R (denoted by* on Fig. 8)is 
contact no.7 on the rear of wafer 2. 

22. Unsolder the following components and 
wires from the Amplifier 'A' INTEGRA
TOR LF REJECT switch: 

100k, 1/4w resistor (save for re-use) 

white -yellow wire 

1 meg, 1 / 4 w resistor between switch ter
minals (save for re-use) 

\ 

bar~ wire between switch terminals 
\ 

\ 

\ 

November 1963 

( ) 23. Unsolder the end of the O .0022 µ f capaci
tor from the switch. 

( ) Resolder it to the terminal indicated in 
Fig.9. 

( ) 24. Clean the excess solder from the switch 
terminals. 

( ) 25. Unsolder the white-black-violet wire 
from 'A' SELECTOR switch W2-8R. 

( ) 26. Remove the nylon spacing clip between 
the white-black-violet and white-yellow 
wires. 

( ) 27. Locate the 100k, 1/4 w, resistor on the 
'A' SELECTOR switch,solderedbetween 
Wl..,SR and W2-8R. 

( ) Unsolder the end from W 2- 8R. 

( ) Resolder it to Wl-8F. 

( ) 28. Dress the white-black-violet wire, un
soldered in step 25, to the 'A' LF RE
JECT switch. 

( ) Cut off the excess wire and solder, along 
with the white-black-violet wire (from 
kit), to the switch terminal indicated in 
Fig,9. 

( ) 29. Resolder the remainder of the compo
nents and wires, as indicated in Fig. 9, 
using the bare wire from the kit. 
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INSTRUCTIONS (Con'd) 
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INSTRUCTIONS (Con'd) 

( ) 30. Dress the other end of the white-black
violet wire (step 28) through the grom
met in the I A I S ELECTOR switch bracket. 

Solder thi.s wire to the 'A' SELECTOR 
switch W2-8R. 

( ) 31. Locate the 100k, 1/4wresistoronthe 'B' 
SELECTOR switch, soldered between 
Wl-SR and W2-8R. 

( ) Unsolder the end from W2-8R. 

( ) Resolder it to Wl-8F. 

32. Unsolder the following components and 
wires from the 'B' INTEGRATOR LF 
REJECT switch: 

( ) 100k, l/4w resistor (save for re-use) 

( ) 

( ) 

( ) 33. 

( ) 34. 

( ) 

1 meg, 1/4 w resistor between switch ter
minals (save for re - use) 

bare wire between switch terminals 

Unsolder and remove the bare wire be
tween the 'B' INTEGRATOR LF REJECT 
switch and the 'B' SELECTOR switch 
'Wl-4R. 

Unsolder the end of the 0.0022 µfcapaci
tpr from the 'B' INTEGRATOR LF RE
JECT switch. 

Resolder it to the terminal indicated in 
Fig.10. 

( ) 35. Clean the excess solder from the switch 
terminals. 
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( ) 36. Solder the 2-l/2in. length of white
yellow wire (from kit) between the 1B' 
SELECTOR switchW2-8R,andtheswitch 
terminal indicated in Fig. 10. 

( ) 37. Solder a l-l/2in. length of bare wire 
(from kit) to 'B' SELECTOR switch W l-
4R. 

( ) Place a lin. length of plastic ,tubing 
(from kit) over the wire and dress the 
wire to the switch terminal indicated in 
Fig. 10. DO NOT SOLDER until the next 
step. 

( ) 38. Resolder the componentsandwirestothe 
switch as indicated in Fig. 10, using the 
bare wire frorn the kit. 

( ) 39. Solder a 0.01 µf ceramic capacitor (from 
kit) between the two wired terminals of· 
the Grid Current 'A' potentiometer 
(R5535) on the. potentiometer bracket. 

( ) 40. Similarly, solder a 0.01 µf capacitor 
(from kit) between the two wired ter
minals of the Grid Current 'B' potentio-
meter (R.5585). ' 

( ) 

( ) 

( ) 

THIS COMPLETES THE INSTALLATION 

Check ~iring for accuracy. 

Ad just the Variable Zi and Variable Zf capaci
tors as described in yourinstructionManua,l. 

Fasten the insert page in your Instruction 
Manual. 

( ) Moisten the back of the MODIFIED INSTRU
MENT tags (from kit) and place them on the 
Manual schematic pages affected by this 
m odifi cation. 

GG:cc 
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OPERATIONAL AMPLIFIER IMPROVEMENTS 

For Tektronix Type O Plug-in Units 
Serial numbers 155-813* 

DESCRIPTION 

This modification incorporates several 
refinements in the operational amplifiers 
of the Type O unit. 

Section A improves the crosstalk charac
teristics by relocating several wires and 
changing the decoupling arrangement. 

Sections B and C improve the temperature -
sensitive drift characteristics of the 'A' 
and 'B' amplifiers. 

Section D increases the accuracy of the 
output amplifier when Zf is set at lOpF 
and the INTEGRATOR LF REJECT is 
OFF.* 

The instructions are divided so that any 
part of the modification may be performed 
separately if desired. 

This kit replaces 040-0301-01. 

*Section D applies to SN 155-318 (with 
the exception of a few instruments in 
this range already modified at the 
factory). 

® 

Publication: 
Instructions for 040-0301-02 
October 1966 

Supersedes: 
August 1966 

@ 1966, Tektronix, Inc. 
All Rights Reserved. 
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Quantity Part Number 

2 ea 151-0096-00 
2 ea 152-0055-00 
4 ea 154-0370-00 
1 ea 214-0210-00 
4 ea 276-0507-00 
2 ea 283-0003-00 
2 ea 283-0004-00 
2 ea 305-0823-00 
2 ea 305-0273-00 
2 ea 308-0241-00 
4 ea 309-0354-00 
2 ea 315-0102-00 
2 ea 323-0347-00 
4 ea 343-0043-00 
1 ea ( 162-0504-00) 
1 ea (175-0514-00) 
1 ea (175-0514-00) 
1 ea (175-0522-00) 
1 ea (175-0522-00) 
1 ea (175-0522-00) 
1 ea (175-0522-00) 
1 ea (175-0522 -00) 
1 ea (175-0522-00) 
1 ea (175-0522-00) 
1 ea (175-0522-00) 
1 ea (176-0005-00) 
2 ea (176-0139-00) 
4 ea 1-9100 

PARTS LIST 

Description 

Transistor, NPN, Tek Special 
Diode, Zener 11 V 
Tube, gas diode, ZZlO00 

l/4W 

Spool, w/3ft. silver-bearing solder 
Core, ferramic suppressor 255, 0. 6µH 
Capacitor, cer, 0. 01 pF 150V 
Capacitor, cer, 0. 02 pF 150V 
Resistor, comp, 82k 2W 
Resistor, comp, 27k 2W 
Resistor, WW, 22k 7W 
Resistor, prec, 45k l/2W 
Resistor, comp, 1 k l/4W 
Resistor, prec, 40.2k 1/2W 
Clamp, neon bulb, #20 wire, bare 

5% 

Hi-Kap 
Hi-Kap 

5% 
5% 
1% 
1% 
5% 
1% 

Tubing, plastic, #20 6 in. black 
Wire, #22 solid, 12in. black-brown-green-brown 
Wire, #22 solid, 4in. black-brown-green-brown 
Wire, #22 solid, twisted pair 8-l/2in. white-yellow/white-brown 
Wire, #22 solid, twisted pair 6in. white-green/white-brown 
Wire, #22 solid, 6-1/4in. white-black-violet 
Wire, #22 solid, 2-1/2 in. white-yellow 
Wire, #22 solid, 2-1 /2 in. white-black-blue 
Wire, #22 solid, 3in. white-black-violet 
Wire, #22 solid, 6 in. white-black-blue 
Wire, #22 solid, 7 in. white-black -violet 
Wire, #22 solid, 12 in. bare 
Wire, #22 solid, pre-bent for 5 small notches 
Tag, MODIFIED INSTRUMENT, gummed back. 
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INSTRUCTIONS 

IMPORTANT: When soldering to the ceramic strips, use the 
silver -bearing solder supplied with this kit. 

A. TO IMPROVE THE CROSSTALK CHARACTERISTICS: (Refer to Fig. 2 for ceramic strip 
locations except as noted. 

( ) 1. Unsolder the white-green and White-brown wires from CSG-17 and CSG-18. 

( ) Cut off these leads at the point where they enter the wiring harness. 

( ) 2. Unsolder the white-green and white-brown wires from the amplifier 'A' OUTPUT DC 
LEVEL ADJ potentiometer. 

( ) Solder both of these wires to the ground terminal on the potentiometer. 

3. Dress and solder the white-green/white-brown twisted pair (from kit) as follows: 

( ) white-green to CSG-17 and lower (cw) terminal of 'A' OUTPUT DC LEVEL ADJ pot. 

( ) white-brown to CSG-18 and upper ( ccw) terminal of 'A' OUTPUT DC LEVEL ADJ pot. 

( ) 4. Unsolder the white-yellow and white-brown wires from CSE-17 and CSE-18. 

( ) Cut off these leads at the point where they enter the wiring harness. 

( ) 5. Unsolder the white -yellow and white-brown wires from the amplifier 'B' OUTPUT DC 
LEVEL ADJ potentiometer. 

( ) Solder both of these wires to the ground terminal on the potentiometer. 

( ) 6. Dress the white-yellow/white-brown twisted pair (from kit) under the shield and along 
the wiring harness. Solder as indicated: 

( ) white-yellow to CSE-17 and lower (cw) terminal of 'B' OUTPUT DC LEVEL ADJ pot. 

( ) white-brown to CSE-18 and upper (ccw) terminal of 'B' OUTPUT DC LEVEL ADJ pot. 

ALL WIRES REFERRED TO IN STEPS A-7 THROUGH A-13 ARE COLOR-CODED BLACK
BROWN-GREEN-BROWN 

( ) 7. 

( ) 8. 

( ) 

( ) 9. 

( ) 

( ) 10. 

Unsolder all three wires from CSE-20. 

Unsolder the wire which goes through the grommet from R5596 (12 k lOW resistor, 
mounted on other side of chassis). 

With an ohmmeter, locate the other end of this wire (unsoldered in step A-7) and 
clip off both ends, or remove it from the cable. 

Determine which of the wires, unsoldered in step A-7, goes to CSD-7. 

Dress this wire through the grommet and solder to R5596. 

Solder remaining wire (unsoldered in step A-7) and one end of the 12 in. wire (from 
kit) to CSE-20. 

( ) Dress other end of this wire through the grommet, across the chassis, and solder 
it to CSH-13 (see Fig. 1). 
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INSTRUCTIONS ( cont) 

A. (cont) 

( ) 11. Unsolder both wires from CSG-20. 

( ) 12. With an ohmmeter, determine which of these wires goes to CSF-7. 

( ) Unsolder the wire from CSF-7 and clip both ends where they enter the cable. 

( ) Resolder the remaining wire to CSG-20. 

( ) 13. Solder one end of the 4in. wire (from kit) to CSF-7. 

( ) Dress the wire through the hole near R5532 and solder it to R5546 (12k lOW) at the 
terminal nearest the chassis. 

CSH 13 
RIGHT SIDE OF UNIT UPI# llifllllti@O 

CSJ 13 
0 MIIIIPllll!III I 

CSK 9 
11111111110 I 

Fig. 1 
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INSTRUCTIONS (cont) 
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INSTRUCTIONS (cont) 

B. TO IMPROVE THE AMPLIFIER 'A' DRIFT CHARACTERISTICS: (Refer to Fig. 2 for 
ceramic strip locations.) 

1. Remove the following components and wires. (DO NOT discard any components 
until the modification is completed): 

NOTE: The shield below CSG may be temporarily removed if desired. 

( ) 100k l/4W (R5540) between CSF-4 and CSG-4 

( ) 1N3044B (05529) between CSF -5 and CSG-5 

( ) 0.1 µF 200V (C5528) between CSF-8 and CSG-8 

( ) 45 k 1% (R5525) between CSF-9 and CSG-9 

( ) 1N3044B (05528) between CSF-12 and CSG-12 

( ) 33k 1% (R5523) between CSF-14 and CSG-14 

() 47k 1/2W (R5521) between CSF-17 and CSG-17 

( ) 47k 1/2W (R5531) between CSF-18 and CSG-18 

( ) 22 k 2W (R5526) between CSF-20 and CSG-20 

( ) bare wire between CSF-3 and CSF-4 

( ) bare wire between CSF-5 and CSF-8 

( ) bare wire between CSF-10 and CSF-12 

( ) bare wire between CSF-12 and CSF-14 

( ) bare wire between CSG-5 and CSG-7 

( ) bare wire between CSF -5 and pin 3 of V5543 

( ) 47 n (R5520) between CSF- 16 and pin l of V5524 

( ) 4 7 n (R55 30) between CSF -19 and pin 1 of V55 34 

( ) 2. Move the white-orange-green-brown wire from CSG-14 to CSG-15. 

Refer to Fig. 3 when replacing the following wires: 

( ) · 3. Remove the white-black-violet wire between Channel A OUTPUT DC LEVEL switch 
and CSF-16. 

( ) Solder a 3 in. white-black-violet wire (from kit) between the same terminal of the 
Channel A OUTPUT DC LEVEL switch and pin 1 of V5524 .. Place a ferrite core (from 
kit) over the tube socket end of the wire. 

( ) 4. Remove ,the white-black-blue wire between Channel A OUTPUT DC LEVEL switch 
and CSF-19 

() Solder a 2-l/2in. white-black-blue wire (from kit) between the same terminal of the 
Channel A OUTPUT DC LEVEL switch and pin 1 of V5534. Place a ferrite core (from 
kit) over the tube socket end of the wire. 
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INSTRUCTIONS ( cont) 

Fig. 4 
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INSTRUCTIONS (cont) 

B. 5. 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

NOTE: 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 6. 

Solder the following wires and components to the points indicated in Fig. 5. (Parts 
from kit except as noted. 

bare wire from CSF-5 to CSG-6 

bare wire from CSF-6 to CSF-7 

bare wire from CSG-6 to CSG-7 

pre-bent wire from CSF-10 to CSF-14 

bare wire from CSF-14 to CSF-15 

100 k l/4W (removed in step B-1) from CSF-3 to CSF-5 

ZZlO00, dimpled lead to CSG-3, unmarked lead to CSG-4 

neon bulb clamp to CSF-4 

llV Zener, cathode (banded) end to CSG-5, unmarked end to CSF-5 

0. l µF 200V (removed in step B-1) from CSG-8 to CSG-12 

82k 2W from CSF-6 to CSF-13 

40.2k 1% from CSF-9 to CSG-9 

1 k l/4W from CSF-11 to CSF-13 

0.02 µF 150V from CSF-11 to CSF-14 

Place a 1 / 4 in. length of plastic tubing (from kit) on each capacitor lead. 

27k 2W from CSF-15 to CSG-15 

ZZlO00, dimpled lead to CSF-14,. unmarked lead to CSF-13 

neon bulb clamp to CSG-13 

45k 1% from CSF-17 to CSG-17 

45 k 1% from CSF-18 to CSG-18 

22k 7W from CSF-20 to CSG-20 

Place a 1 /2 in. length of plastic tubing (from kit) on each lead of the special transistor 
from the kit. Solder transistor leads as follows (see Fig. 5). NOTE: Transistor 
base diagram is shown in Fig. 4. 

( ) emitter to CSG-12 

( ) base to CSP -11 

( ) collector to CSF-10 
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INSTRUCTIONS (cont) 

C. TO IMPROVE THE AMPLIFIER 'B' DRIFT CHARACTERISTICS: 

1. 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 2. 

Remove the following components and wires. (DO NOT discard any components 
until the modification is completed): 

100 k 1/4W (R5590) between CSD-4 and CSE-4 

1N3044B (D5579) between CSD-5 and CSE-5 

0. 1 µF 200V (CSS 78) between CSD-8 and CSE-8 

45k 1% (R5575) between CSD-9 and CSE-9 

1N3044B (D5578) between CSD-12 and CSE-12 

33 k 1% (R5573) between CSD-14 and CSE-14 

47 k 1/2W (R5571) between CSD-17 and CSE-17 

47k l/2W (R5581) between CSD-18 and CSE-18 

22 k 2W (R5576) between CSD-20 and CSE-20 

bare wire between CSD-3 and CSD-4 

bare wire between CSD-5 and CSD-8 

bare wire between CSD-10 and CSD-12 

bare wire between CSD-12 and CSD-14 

bare wire between CSE-5 and CSE-7 

bare wire between CSD-5 and pin 3 of V5593 

47 n (R5570) between CSE-16 and pin 1 of V5574 

47 n (R5580) between CSE-19 and pin l of V5584 

Move the two white-orange-green-brown wires from CSE-14 to CSE-15. 

REFER TO FIG. 6 WHEN REPLACING THE FOLLOWING WIRES 

( ) 3. Remove the white-black-violet wire between Channel B OUTPUT DC LEVEL switch 
and CSE-16. 

( ) Solder a 7 in. white-black-violet wire (from kit) between the same terminal of the 
Channel B OUTPUT DC LEVEL switch and pin 1 of V5574. Place a ferrite core 
(from kit) over the tube socket end of the wire. 

( ) 4. Remove the white-black-blue wire between Channel B OUTPUT DC LEVEL switch 
and CSE-19. 

( ) Solder a 6in. white-black-blue wire (from kit) between the same terminal of the 
Channel B OUTPUT DC LEVEL switch and pin 1 of V5584. Place a ferrite core 
(from kit) over the tube socket end of the wire. 
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INSTRUCTIONS (cont) 
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INSTRUCTIONS ( cont) 

C. s. 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

NOTE: 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 6. 

Solder the following wires and components to the points indicated in Fig. 8. (Parts 
from kit except as noted): 

bare wire from CSD-5 to CSE-6 

bare wire from CSD-6 to CSD-7 

pre -bent wire from CSD-10 to CSD-14 

bare wire from CSD-14 to CSD -15 

bare wire from CSE-6 to CSE-7 

100k 1/4W (removed in step C-1) from CSD-3 to CSD-5 

ZZlO00, dimpled lead to CSE-3, unmarked lead to CSE-4. 

neon bulb clamp to CSD-4 

11 V Zener, cathode (banded) end to CSE-5, unmarked end to CSD-5 

0. 1 µF 200V (removed in step C-1) from CSE-8 to CSE -12 

82k 2W from CSD-6 to CSD-13 

40.2k 1% from CSD-9 to CSE-9 

1 k 1 / 4 W from CSD -11 to CSD-13 

0.02 µF 150V from CSD-11 to CSD-14 

Place a 1/4in. length of plastic tubing (from kit) on each capacitor lead. 

27k 2W from CSD-15 to CSE-15 

ZZlO00, dimpled lead to CSD-14, unmarked lead to CSD-13 

neon bulb clamp to CSE-13 

45 k 1% from CSD-17 to CSE-17 

45 k 1% from CSD-18 to CSE-18 

22 k 7W from CSD-20 to CSE-20 

Place a 1/2 in. length of plastic tubing (from kit) on each lead of the special transistor 
from the kit. 

Solder transistor leads as follows (see Fig. 8). NOTE: Transistor base diagram 
is shown in Fig. 7. 

( ) emitter to CSE -12 

( ) base to CSD-11 

( ) collector to CSD-10 

( ) 7. Replace the shield below CSG, if removed in step B-1. 
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INSTRUCTIONS (cont) 

D. TO INCREASE THE OUTPUT AMPLITUDE ACCURACY: 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) ) 

( ) 

( ) 

( ) 

(Applies only to SN 155-318, with exceptions. These exceptions may be determined by 
comparing the wiring of either INTEGRATOR LF REJECT switch with Fig. 10. If they 
are the same, omit steps D-1 through D-19.) 

( TYPICAL SWITCH CONFIGURATION) 

NOTE: The following method is used to identify 
the SELECTOR switch terminals: 

The wafers are numbered from front to rear. 

The contact mounting holes are numbered 1 through 
12 relative to the index key, as shown in Fig. 9. 

The contacts have an 'F' or 'R' suffix which denotes 
that they are on the front or rear of the wafer. 

Example: W2-7R (denoted by* on Fig. 9) is contact 
#7 on the rear of wafer 2. 

3F 

Fig. 9 

1. Unsolder the following components and wires from the Amplifier 'A' INTEGRATOR 
LF REJECT switch: 

2. 

3. 

4. 

5. 

100k 1/4W resistor (save for re-use) 

white-yellow wire 

1 M 1/4W resistor between switch terminals (save for re-use) 

bare wire between switch terminals 

Unsolder the end of the 0.0022 µF capacitor from the switch. 

Resolder it to the terminal indicated in Fig. 10. 

Clean the excess solder from the switch terminals. 

Unsolder the white-black-violet wire from 'A' SELECTOR switch W2-8R. 

Remove the nylon spacing clip between the white-black-violet and white -yellow wires. 

## c;..., A: w-bk.-v (2.) 
c.1-1 e,: w-y 

'l"O WI- 4R.. 

Cl-IA: w-y 
CHB: SAl<E 

Wll"l:e 

TO W'2.-8R 
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INSTRUCTIONS (cont) 

( ) 6. 

( ) 

( ) 7. 

( ) 

( ) 8. 

( ) 9. 

( ) 

( ) 10. 

( ) 

11. 

( ) 

( ) 

( ) 

( ) 12. 

( ) 13. 

( ) 

( ) 14. 

( ) 15. 

( ) 16. 

( ) 

( ) 17. 

( ) 18. 

( ) 19. 

Locate the 100k l/4W resistor on the 'A' SELECTOR switch, soldered between 
Wl-5R and W2-8R. 

Unsolder the end from W2-8R and resolder it to Wl-SF. 

Dress the white-black-violet wire, unsoldered in step D-4, to 'A' LF REJECT switch. 

Cut off the excess wire and solder, along with the white-black-violet wire (from kit), 
to the switch terminal indicated in Fig. 10. 

Resolder the remainder of the components and wires as indicated in Fig. 10, using 
the bare wire from the kit. 

Dress the other end of the white-black-violet wire (step D-7) through the grommet 
in the 'A' SELECTOR switch bracket. 

Solder this wire to the 'A' SELECTOR switch W2-8R. 

Locate 100k l/4W resistor on 'B' SELECTOR switch, soldered betweenWl-5RandW2-8R. 

Unsolder the end from W2-8R and resolder it to Wl -SF. 

Unsolder the following components and wires from 'B' INTEGRATOR LF REJECT switch: 

100 k 1/4W resistor (save for re-use) 

1 M l/4W resistor between switch terminals (save for re-use) 

bare wire between switch terminals 

Unsolder and remove the bare wire between the 'B' INTEGRATOR LF REJECT switch 
and the 'B' SELECTOR switch Wl-4R. 

Unsolder the end of the 0. 0022 µ,F capacitor from 'B' INTEGRATOR LF REJECT switch. 

Resolder it to the terminal indicated in Fig. 10. 

Clean the excess solder from the switch terminals. 

Solder the 2-l/2in. length of white-yellow wire (from kit) between the 'B' SELECTOR 
switch W2-8R and the switch terminal indicated in Fig. 10. 

Solder a l-l/2in. length of bare wire (from kit) to 'B' SELECTOR switch Wl-4R. 

Place a 1 in. length of plastic tubing (from kit) over the wire and dress the wire to the 
switch terminal indicated in Fig. 10. DO NOT SOLDER until the next step. 

Resolder the components and wires to the· switch as indicated in Fig. 10, using the 
bare wire from the kit. 

Solder an 0. 01 µ,F ceramic capacitor (from kit) between the two wired terminals of 
the Grid Current 'A' potentiometer (R5535) on the potentiometer bracket. 

Similarly, solder an 0. 01 µ,F capacitor (from kit) between the two wired terminals 
of the Grid Current 'B' potentiometer (R5585). 
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INSTRUCTIONS (cont) 

THIS COMPLETES THE INSTALLATION 

( ) Check wiring for accuracy 

( ) Adjust the Variable Zi and Variable Zf capacitors as described in your Instruction Manual. 

( ) Fasten the insert page in your Instruction Manual. 

( ) Moisten the back of the MODIFIED INSTRUMENT tags (from kit) and place them on the 
Manual Schematic pages affected by this modification. 

JB:cet 
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OPERATIONAL AMPUFIER IMPROVEMENTS 

Type 'O' Plug-in Units -- SN 155-813* 

GENERAL INFORMATION 

This modification incorporates several refinements in the operational amplifiers of the 
Type O unit. 

Section A improves the crosstalk characteristics by relocating several wires and changing 
the decoupling arrangement. 

Sections B and C improve the temperature-sensitive drift characteristics of the 'A' and 'B' 
amplifiers. 

Section D increases the accuracy of the output amplifier when Zf is set at l0pF and the 
INTEGRATOR LF REJECT is OFF.* 

The instructions are divided so that any part of the modification may be performed separately 
if desired. 

*Section D applies to SN 155-318 (with the exception of a few instruments in this range 
already modified at the factory). 

The following parts list assumes all parts of the modification have been completed. 

ELECTRICAL PARTS LIST 

Values fixed unless marked variable. Only new parts listed. 

Ckt. No. Part Number Description 

CAPACITORS 

Tolerance ±20% unless otherwise indicated. 

C5535 283-0003-00 0. 01 µF Cer 150V 
C5538 283-0004-00 0. 02 µF Cer 150V 
C5585 283-0003-00 0. 01 µF Cer 150V 
C5588 283-0004-00 0. 02 µF Cer 150V 

D5529 
D5579 

152-0055-00 
152-0055-00 

Zener 
Zener 

DIODES. 

llV 
llV 

INDUCTORS 

l/4W 
l/4W 

5% 
5% 

L5520 
L5530 
L5570 
L5580 

276-0507-00 
276-0507-00 
276-0507-00 
276-0507-00 

Core, ferramic suppressor 255, 0. 6 µH 
Core, ferramic suppressor 255, 0. 6 µH 
Core, ferramic suppressor 255, 0. 6 µH 
Core, ferramic suppressor 255, 0. 6 µH 
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ELECTRICAL PARTS LIST (cont) 

Ckt. No. Part Number Description 

RESISTORS 

Resistors are 10% composition unless otherwise indicated. 

R5520 Delete 
R5530 Delete 
R5570 Delete 
R5580 Delete 
R5521 309-0354-00 45k 1/2W prec 1% 
R5523 305-0273-00 27k 2W 5% 
R5525 323-0347-00 40.2k l/2W prec 1% 
R5526 308-0241-00 22k 7W WW 1% 
R5531 309-0354-00 45k 1/2W prec 1% 
R5538 315-0102-00 lk 1/4W 5% 
R5539 305-0823-00 82k 2W 5% 
R5571 309-0354-00 45k 1/2W prec 1% 
R5573 305-0273-00 27k 2W 5% 
R5575 323-0347-00 40. 2k l/2W prec 1% 
R5576 308-0241-00 22k 7W WW 1% 
R5581 309-0354-00 45k l/2W prec 1% 
R5588 315-0102-00 lk l/4W 5% 
R5589 305-0823-00 82k 2W 5% 

TRANSISTORS 

Q5523 151-0096-00 NPN, Planar, TEK Special 
Q5573 151-0096-00 NPN, Planar, TEK Special 

TUBES 

V5529 154-0370-00 ZZlO00 Gas diode 
V5539 154-0370-00 ZZlO00 Gas diode 
V5579 154-0370-00 ZZlO00 Gas diode 
V5589 154-0370-00 ZZlO00 Gas diode 
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SCHEMATICS 
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SCHEMATICS (cont) 
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Also change R5530 (R5580) from 47 n resistor to ferrite core, L5530 (L5580). 
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MAINTENANCE NOTES 

GRID CURRENT 

Specs = .5 namp max; adjustable to .3 (-), .15 (+) 

We've changed final specs for O unit grid current 
to "less than .5 namp; internally adjustable to less 
than .3namp at the -GRID and less than .15namp 
at the +GRID" for two reasons: 

L Grid current tends to vary slightly (±100 pamp 
in some cases) over 50 to 100 hours operation, and 
also may vary when the O unit is plugged into dif
ferent scopes or when it is shipped. A little leeway 
between test specs and advertised specs means less 
chance of customer rejects based on picoamp fly 
specking. 

2. There isn't much possibility that the test spec 
(.3namp and.15namp) could be tightened and still 
provide a reasonable tube yield. 

Tube brands 

Recent evaluation of tubes of various brands aged 
100 hours indicates we can get a good yield of 

RELIABILITY -- C6589 .1 µ.f FAILURE 

Problem - C6589 failures 

C6589 (.1 µf 100 v disc type 283-012) may fail pre
maturely or excessively. We're not sure of the 
reason but it may be because C6589 is tied to +75 v, 
only 25 v away from its rating or because this par
ticular type of disc capacitor has a poor overall 
reliability record in general--we had a lot of trou
ble with the 283-057' s, both are Erie. 

TEK O PRB 2-25-65 

12AU6's to meet grid current specs from the 
following brands: 

Westinghouse (95%) 
Raytheon 
GE (passive cathode) 
Nippon 
Brimar (British) 

Evaluation of Telefunken and RCA 12AU6's showed 
poor yield, even after aging. We're setting up a 157 
selected tube number for matched pairs meeting 
grid current requirements. In the meantime, the 
plant is selecting Westinghouse 157 -050' s. 

Grid current adjustment mod at snl55 

Mod 5728-0, effective snl55, adds a grid current 
adjustment pot and aids considerably in getting a 
good yield of tubes. It also helps the sharp-type 
customer adjust grid current to extremely low (but 
less stable) values for critical low level applica
tions. 

March 12, 1963 

Temporary solution--use 283-012' s 

About the best thing you can do now is replace the 
283-012's with 283-057 (Sprague, only) 200 volters. 
We hope the GE's flat, square Mylar caps work out, 
however, at the moment we seem to be doing GE's 
evaluation engineering for them- -their samples 
look like they're still learning how to build 'em. 

l 



INPUT CAPACITOR RANGE 

Greater range of the input capacitors (C-6541, C
is needed. 

VARL\BLE VOLTS/CM POTENTIOMETER 

Modification 3862 converts O Units, sn 101 up, to 
the new Tek-made "stopless" potentiometers. 
These new pots have two advantages: 

L 

? ~. 

Provide a new, more realistic design-center 
resistance value and tolerance. 
Remove the stop, for continuous rotation (but 
with a detent for the "calibrated" position). 

POSITION POT DEFECTS, SN 1340-1689 

Some 5000 Clarostat 311-028 2 x 100k pots from 
batches code-dated 6313 and 6314 have been ship-

in instruments, prior to discovery that a size -
abie percentage of these pots may be defective. 
The defect is a mechanical misalignment in some 
ca,ses sufficient to allow the rotor in some posi
tions to contact the element in two places, thus 
shorting out about 2/3 of the element. In its typi
cal VERTICAL POSITION control applications, 

OSCILLATION/ COMPATIBILITY PROBLEM 

The Type O plug-in/547 combination may oscillate 
at approximately 200 me. 

Production mod 8983, starting sn 2426 (with 64ex
ceptions) will: 

2 

SOLUTION: Mod 7437 will install 3-12 pf capacitors 
(281-036) in order to utilize wider variations of 
the input amplifier tubes. 

FEN 5-11-62 

This should eliminate many shaft and pot 
problems, and provide greater operator con
venience. 

R6530 resistor, 710 n ±15% Tek-made var 311-259 

All of the new "stopless" pots will have a distinctive 
grey delrin cover, with the Tek number, value, and 
(±15%) tolerance molded in. 

FEN 5-8-64 

the pot is wired directly to the power supply buss, 
and may be damaged by excessive dissipation. 

The instrument types which may contain defective 
pots were all shipped in summer and early fall 
1963. 

Defective 311-028 pots should be returned to Roger 
Ady. 

GS 11-25-64 

Add L6575, core 276-528, to end of 9-1 wire at top 
lead of L6574. 
Add L6565, core 276-528, to end of 9-6 wire at top 
lead of L6564. 
Both wire ends must be stripped back to accept the 
beads. 

2-25-65 TEK O PRB 



Maintenance Notes - continued 

CERAMIC STRIP LEAKAGE VS GRID CURRENT 

The range of the grid-current adjustment pots in 
the O-Unit operational amplifiers in s/n 101-2651 
was predicated on a certain small amount of leak
age across the ceramic strips from the +350 V 
supply (A) or from the anode of the ZZlO00 (B) 
to the -grid, and from the --150 V supply to the 
+grid. If the surface of the strips becomes 
contaminated from operation in adverse atmos
pheric environments or from soldering, the leakage 
may become excessive (106 megohms will provide 
leakage equal to the actual grid current) and 
prompt the rejection of 12AU6's for "too much 
grid current". 

The problem became particularly noticeable in the 
installation of kit 040-0301-00 in sn 101-813. The 
layout used in production sn 814-2651 was based 
on the strip leakage after walnut-blast; without the 
same degree of flux-removal in the field, the 
leakage became excessive. Complete removal of 
the grid connections from the strips threw the 

TEK O IRB 12-13-65 

FEN, 11-20-64 
Revised, 11-65 

grid current adjustment pots out of range in the 
opposite direction in some sample instruments, 
leading to the belief that this most obvious solu
tion could not be used. Later, however, excessive 
variation of apparent grid current with temperature 
even in walnut-blasted production units prompted 
a more thorough investigation, and it was deter
mined that the leakage was not necessary to keep 
the grid-current pots in range. Production mod 
9434 was implemented on a #1 rework basis in 
March 1965 to get the grid connections off the 
strips and directly to the tube sockets, replacing 
the 47 n "stopper" resistors with ferrite beads. 
Effective s/n of the mod was 2651, with 27 lower 
s/n's modded out of sequence. Kit 040-0301-01 
incorporates the layout change, which is now 
recommended for all early s/n's. Previous FEN 
and Green Sheet suggestions for ultra-thorough 
strip cleaning, SC-87 dri-film, etc., may be 
considered obsolete. 
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PREVENTIVE MAINTENANCE 

Calibration 

The Type O Plug-In Unit will not require frequent cali
bration. However, to insure that the unit is operating 
properly at all times we suggest that you check the cali
bration after each 500-hour period of operation (or every 
six months if the unit is used intermittently). A complete 
step-by-step procedure for calibrating the unit and checking 
its operation is given in the Calibration Section of this 
manual. 

The accuracy of measurements made with the O Unit 
depends not only on the accuracy of calibration, but also 
on the calibration of the associated oscilloscopes. It is 
important for the oscilloscope to be maintained in proper 
calibration. 

Visual Inspection 

Troubles can sometimes be found by a visual inspection 
of the unit. For this reason, you should perform a complete 
visual check every time the instrument is calibrated or 
repaired. Look for such defects as loose or broken con
nections, damaged connectors, improperly seated tubes, 
scorched or burned parts, broken terminal strips, etc. The 
remedy for these troubles is apparent, except for heat
damaged parts. Heat damage is often the result of other, 
less apparent trouble. It is essential for you to determine 
the cause of overheating before replacing damaged parts. 

Tube Checks 

Tube-tester checks on the tubes used in the Type 0 
Unit are not recommended. Tube testers sometimes indicate 
a tube to be defective when that tube is operating satis
factorily in a circuit, or they may fail to indicate tube 
defects which affect the performance of the circuits. The 
criterion for useability of a tube is whether or not it works 
properly in the circuit. If it does not, then it should be 
replaced. Unnecessary replacement of tubes is not only 
expensive but may als-o result in needless recalibration of 
the instrument. 

To obtain maximum reliability and performance, we 
check some of the tubes used in our instruments for such 
characteristics as Gm, microphonics, balance, etc. We age 
other tubes to stabilize their characteristics. The checked 
tubes are labeled and identified with a part number be-
ginning with 157 ___ Raw-stock ... that is, unchecked tubes 
... are unlabeled tubes assigned the part number 154~-

SECTION 6 

MAINTENANCE 

COMPONENT REPLACEMENT 

General 

The procedures for replacing most parts in the O Unit 
are easy. Detailed instructions for their removal are there
fore not required. In some cases, however, additional in
formation may help you. This information is contained in 
the following paragraphs. Because of the circuit con
figuration, it will be necessary to recalibrate portions of 
the circuit when certain parts are replaced. Refer to the 
Calibration Section of this manual. 

Switches 

Procedures for the removal of defective switches are, for 
the most part, obvious and only a normal amount of care 
is required. If a switch is removed, careful notation of the 
leads to the switch should be made to facilitate connect
ing the new switch. 

Single wafers are not normally replaced on the switches 
used in the O Unit. If one wafer is defective, the entire 
switch should be replaced. Switches may be ordered from 
Tektronix either unwired or with parts wired in place. 

Soldering and Ceramic Strips 

Many of the components in your Tektronix instrument are 
mounted on ceramic terminal strips. The notches in these 
strips are lined with a silver alloy. Repeated use of ex
cessive heat, or use of ordinary tin-lead solder will break 
down the silver-to-ceramic bond. Occasional use of tin-lead 
solder will not break the bond if excessive heat is not ap
plied. 

If you are responsible for the maintenance of a large 
number of Tektronix instruments, or if you contemplate 
frequent parts changes, we recommend that you keep on 
hand a stock of solder containing about 3% silver. This 
type of solder is used frequently in printed circuitry and 
should be readily available from radio-supply houses. If 
you prefer, you can order the solder directly from Tektronix 
in one-pound rolls. Order by Tektronix part number 251-514. 

Because of the shape of the terminals on the ceramic 
strips it is advisable to use a wedge-shaped tip on your 
soldering iron when you are installing or removing parts 
from the strips. Fig. 6-1 will show you the correct shape 
for the tip of the soldering iron. Be sure to file smooth 
all surfaces of the iron which will be tinned. This prevents 
solder from building up on rough spots where it will quickly 
oxidize. 
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Fig. 6-1. Soldering iron tip properly shaped and tinned. 

When removing or replacing components mounted on 
the ceramic strips you will find that satisfactory results are 
obtained if you proceed in the manner outlined below. 

1. Use a soldering iron of about 75-watt rating. 

2. Prepare the tip of the iron as shown in Fig. 6-1. 

3. Tin only the first 1/ 16 to 1/ 8 inch of the tip. For solder
ing to ceramic terminal strips tin the iron with solder 
containing about 3% silver. 

4. Apply one side of the tip to the notch where you wish 
to solder (see Fig. 6-2). 

Fig. 6-2. Correct method of applying heat in soldering to a 
ceramic strip. 

5. Apply only enough heat to make the solder flow freely. 

6. Do not attempt to fill the notch on the strip with solder; 
instead, apply only enough solder to cover the wires 
adequately, and to form a slight fillet on the wire as 
shown in Fig. 6-3. 

In soldering to metal terminals (for example, pins on a 
tube socket) a slightly different technique should be em
ployed. Prepare the iron as outlined above, but tin with 
ordinary tin-lead solder. Apply the iron to the part to be 

6-2 

Fig. 6-3. A slight fillet of solder is formed around the wire when 
heat is applied correctly. 

soldered as shown in Fig. 6-4. Use only enough heat to 
allow the solder to flow freely along the wire so that a 
slight fillet will be formed as shown in Fig. 6-4. 

Fig. 6-4. Soldering to a terminal. Note the slight fillet of solder 
-exaggerated for clarity-formed around the wire. 

General Soldering Considerations 

When replacing wires in terminal slots clip the ends 
neatly as close to the solder joint as possible. In clipping 
ends of wires take care the end removed does not fly 
across the room as it is clipped. 

Occasionally you will wish to hold a bare wire in place 
as it is being soldered. A handy device for this purpose 
is a short length of wooden dowel, with one end shaped 
as shown in Fig. 6-5. In soldering to terminal pins mounted 
in plastic rods it is necessary to use. some form of "heat 
sink" to avoid melting the plastic. A pair of long-nosed 
pliers (see Fig. 6-6) makes a convenient tool for this purpose. 
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Fig. 6-5. A soldering aid constructed from a ¼ inch wooden 
dowel. 

Ceramic: Strips 

To replace strips which mount with snap-in plastic fit
tings, first remove the original fittings from the chassis. 
Assemble the mounting post on the ceramic strip. Insert 
the nylon collar into the mounting holes in the chassis. 
Carefully force the mounting post into the nylon collars. 
Snip off the portion of the mounting post which protrudes 
below the nylon collar on the reverse side of the chassis. 

Fig. 6-6. Soldering to a terminal mounted in plastic. Note the 
use of the long-nosed pliers between the iron and the coil form 
lo absorb the heat. 

NOTE 

Considerable force may be necessary to push the 
mounting posts into the nylon collars. Be sure 
that you apply this force to that area of the 
ceramic strip directly above the mounting posts. 

TROUBLESHOOTING 

General Troubleshooting Information 

This portion of the manual is intended to help you trouble
shoot the Type O Unit. 

Maintencmce-Type 0 

Since the Type O Unit derives all of its operating volt
ages from the oscilloscope, and depends on the oscilloscope 
for its display, you must be sure that the oscilloscope is 
not the cause of trouble. Trouble can usually be isolated 
to either the oscilloscope or plug-in unit by substituting 
another plug-in for the suspected one and checking for 
proper operation. Or you can insert the suspected O Unit 
in another oscilloscope and check for proper operation. 

If trouble occurs in the Type O Unit, try to isolate it 
by quick operational and visual checks. First check the 
settings of all controls. Then operate the controls to see 
what effect, if any, they have on the trouble. The normal 
or abnormal operation of each control may help you to 
establish the trouble symptoms. (The cause of trouble which 
occurs only in certain positions of a control can usually be 
determined immediately from the trouble symptoms.) 

After the trouble symptoms are established, look first 
for simple causes of trouble. Check to see that the pilot 
light of the oscilloscope is on, feel for any irregularities 
in the operation of the controls, listen for any unusual 
sound, see that the tube filaments are lit, and visually check 
the entire instrument. The type of trouble will generally 
indicate the checks to make. 

In general, a troubleshooting procedure consists of two 
parts: circuit isolation and circuit troubleshooting. Since 
the Type O Unit is a relatively simple unit, divided into 
three independent circuits, it will be apparent which of 
the three is defective. After isolating the circuit, you can 
then troubleshoot in the circuit to find the cause of the 
trouble. 

Table 6-1 lists troubles which can occur in the Type 0 
Unit, the probable causes, and checks to make. The table 
is divided into two sections, the Preamplifier and the Opera
tional Amplifiers. If trouble occurs, determine which section 
of Table 6-1 to use. Then try to identify the trouble with 
one of the steps in the table. 

Most troubles will be caused by tube or semiconductor 
failures. Therefore, when trouble has been isolated to a 
circuit, the tubes and semiconductors in that circuit should 
be checked (by substitution). Be sure to return tubes and 
transistors found to be good to their original socket. 

Switch wafers shown with the circuit diagrams are coded 
to indicate the position of the wafer on the switches. The 
number portion of the code refers to the wafer number of 
the switch assembly. Wafers are numbered from the front 
of the switch to the rear. The letters F and R indicate 
whether the front or the rear of the wafer is used to per
form the particular switching function. 

Test Points 

Major test points in the unit are shown on the schematics 
and in Fig. 7-1. A test point is indicated by a number with 
a line indicating the location of the test point in the cir
cuit. Test points are used as an aid in troubleshooting 
and calibrating the unit, and reference to these points is 
made in Table 6-1 and in the Calibration Procedure (Sec
tion 7). 

Voltage measurements, and the conditions under which 
they were obtained, are shown on the schematics. 

Test points on the schematics are numbered consecutively 
starting with the diagram for the Preamplifier. Numbers 
increase from right to left across the page. The Opera
tional Amplifiers have identical test points and voltages. 
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TABLE 6-1 

TROUBLE PROBABLE CAUSE CHECKS TO MAKE 

PREAMPLIFIER 

1. Gain of all signals low. 1 . Front-panel GAIN ADJ. 1. Check gain with the calibrator signal. 
needs adjustment. 2. If unable to get enough gain, check 
2. Oscilloscope vertical ampli- the oscilloscope amplifier by using a 
fier gain needs adjustment. Gain-Set Adapter between the plug-in 

and the oscilloscope. 

2. Trace shifts vertically as VARIABLE DC BAL. control needs adjust- Adjust the DC BAL. control until the trace 
control is rotated. ment. does not move as the VARIABLE control 

is rotated. 

3. Severe loss of gain and the vertical D657 6 shorted. D6576 should have 6.3 volts across it. 
POSITION control works backward. If shorted, test points (1 l and (3l will show 

higher than normal voltage. 

4. When the unit is in a dual-sweep scope C6539 open. Check C6539. 
such as a 535A or 545A, noise is observed C6576, C6582, C6584, C6586, Check all power-supply by-pass capaci-
on trace when the B Sweep is running at C6588 or C6589 open. tors. 
10 p,SEC/CM. 

5. Noise on trace when both operational Same as step 4. Same as step 4. 
amplifiers are used as multivibrators at 
full 5-ma output. 

6. Oscillations appear with signal near C6564 or C6574 need adjust- See adjustment 10 in Calibration Pro-
the top or bottom of the crt, but not in ment. cedure. 
the center two centimeters. 

7. Tube heaters cold, oscilloscope + 100- C6589 shorted. If either C6589 or C6576 are shorted, 
volt power supply out of regulation. C657 6 shorted. look for damaged D6576, Q6564, Q6574, 

and tube heaters or resistors in oscillo-
scope that are in series with interconnect-
ing plug terminal No. 15. Also look for 
burned resistors associated with Q6564 
and Q6574. 

OPERATIONAL AMPLIFIERS 
SN 814-up 

1. Constant gain about half normal, and Q5523 (Al or Q5573 (Bl shorted. The transistor should have approximately 
output voltage at about +25 volts. Q5529 (Al or C5579 (Bl shorted. 85 volts across it. If shorted, replace, and 

check to see if R5523 (Al or R5573 (Bl 
has been damaged. Replace if there is 
doubt. 
Check C5529 (Al or C5579 (Bl. 

2. Overshoot of calibrator signal at unity D5529 (Al or D5579 (Bl shorted. The Zener diode should have approx1-
gain with Z; and Z1 both at 1 MEG. Out- C5528 (Al or C5578 (Bl shorted. mately 11 volts across it. If shorted re-
put voltage about 3 or 4 volts negative. place. 

Check C5528 (Al or C5578 (Bl for short. 
Check R5523 (Al or R5573 (Bl for damage. 

SN 101-813 

1. Constant gain about half normal, and D5529 (Al or D5579 (Bl shorted. The Zener diode should have from 95 
output voltage at about +25 volts. C5529 (Al or C5579 (Bl shorted. to 105 volts across it. If shorted, re-

place, and check to see if R5523 (Al or 
R5573 (Bl has been damaged. Replace 
if there is doubt. 
Check C5529 (Al or C5579 (Bl. 
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TROUBLE PROBABLE CAUSE CHECKS TO MAKE 

All serial ranges 

3. Gain of operational amplifier low for With internal feedback resistors: Check R5509, F and G (A). 
high resistance values in constant-gain R5509, F and G (A), or R5559, Check R5559, F and G (B). 
circuit. Gain is correct for low resistance F and G (B), open. 
values. With external feedback res1s-

tors: use Error Factor formula, 
page 4-1. 

4. Trace is shifted off crt from normal +GRID SEL switch is in + posi- Place +GRID SEL switch In (-) position, 
position. Can be returned to crt with tion, and the + grid circuit is or ground + grid. 
vertical POSITION control. Operational open. 
Amplifier is very sensitive to external line-
frequency interference. 
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SELECTOR '' A '' SWITCH 

For Tektronix Type "O" Plug-in Units 
Serial numbers 101-318, with exceptions 

DESCRIPTION 

New operational amplifier "A" SELECTOR 
switch 262-0518 -00 replaces 262-0424-00 
previously used. 

The new switch is changed to accommodate 
a modification which improves the accuracy 
of the output amplitude with a Zf of 10 pF 
and the INTEGRATOR LF REJECT off. 

NOTE: If the serial number of your instru -
ment is above those .listed, or if this kit has 
been installed, disregard the instructions as 
P /N 262-0518-00 is a direct replacement. 

® 

Publication: 
Instructions for 050 -007 4-00 
March 1966 

Supersedes: 
September 1963 

@ 1966, Tektronix, Inc. 
All Rights Reserved. 
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PARTS LIST 

Qty. Part Number Description 

(1 ea) Assembly, SELECTOR switch (modified 262-0518-00), consisting of: 
1 ea 210-0012-00 Lockwasher, int. 3/8 x 1/2 
2 ea 210-0406-00 Nut, hex, 4-40 x 3/16 
1 ea 210-0413-00 Nut, hex, 3/8-32 x 1/2 
1 ea 210-0840-00 Washer, steel, 0. 390 x 9/16 x 0. 020 
1 ea 260-0431-00 Switch, raw 
2 ea 281-0031-00 Capacitor, cer, var, 3-12 pF 
2 ea 281-0048-00 Capacitor, cer, var, 5-25 pF 
1 ea 281-0504-00 Capacitor, cer, lOpF 500V ±lpF 
2 ea 281-0528-00 Capacitor, cer, 82pF 500V ±8. 2pF 
2 ea 281-0537-00 Capacitor, cer, 0. 68 pF 500V ±0.136pF 
3 ea 281-0538-00 Capacitor, cer, 1 pF 500V ±0. 2pF 
1 ea 301-0244-00 Resistor, comp, 240k 1/2W 5% 
1 ea 301-0514-00 Resistor, comp, 510k 1/2W 5% 
2 ea 309-0100-00 Resistor, prec, 10k 1/2W 1% 
2 ea 309-0140-00 Resistor, prec, 500k l/2W 1% 
2 ea 309 -0148 -00 Resistor, prec, IM 1/2W 1% 
2 ea 309-0260-00 Resistor, prec, . 100k l/2W 1% 
2 ea 309-0444-00 Resistor, prec, 200k l/2W 1% 
1 ea 316-0104-00 Resistor, comp, 100k l/4W 10% 
2 ea 348-0031-00 Grommet, poly, 1/4 
1 ea 406-0720-00 Bracket, switch end 
1 ea 406-0724-00 Bracket, SELECTOR switch 
1 ea (17 5-0522-00) Wire, #22 solid, 6in. white -black -violet 

1 ea (162 -0504 -00) Tubing, plastic, #20, 1-1/4 in. black 
1 ea (175-0522-00) Wire, #22 solid, 2-1/2 in. white -yellow 
1 ea (176-0005-00) Wire, #22 solid, 4in. bare 

INSTRUCTIONS ( TYPICAL SWITCH CONFIGURATION ) 

NOTE: The following method is used to identify the 
SELECTOR switch terminals: 

The wafers are numbered from front to rear. 

The contact positions are numbered 1 through 12 
relative to the index key as shown in Fig 1. 

The contacts have an 'F' or 'R' suffix which denotes 
that they are on the front or rear of the wafer. 

Example: W2-7R (denoted by* on drawing) is 
contact #7 on the rear of wafer 2. 
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INSTRUCTIONS (cont) 

TO REMOVE THE OLD SWITCH: 

( ) 1. Remove tubes V5524, V5534, and V5543. 

( ) 2. Remove the two screws securing the potentiometer bracket to the rear panel, and 
bend the bracket forward slightly. 

NOTE: Save all hardware until installation is completed. 

( ) 3. Remove the screws securing the front and rear mounting brackets of the "A" 
SELECTOR switch. 

( ) 4. Remove the knobs from the switch shaft. 

( ) 5. Remove the front panel switch shaft bushing. 

( ) 6. Unsolder all wires going to the switch and remove the switch from the plug-in unit. 

TO INST ALL THE NEW SWITCH: 

( ) 7. Place the front panel bushing nut (removed from old switch) on the shaft of the 
SELECTOR switch from the kit. 

( ) Place the switch in position in the instrument. DO NOT MOUNT YET. 

( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 

8. Solder the wires to the switch as indica
ted below ( see Fig 2): 

white-green to W3-12F 
white-yellow to W3-1F 
solid white to W 3-2F 
white-black-red to W3-3F 
white-blue to W2-2R 
white-violet to W2-3R 
white-orange to W2-4R 
white-red (no.26) to W2-SR 
white-gray to Wl-3F 
white-red (no.22) to Wl-8F 
white-black-orange to W 4-3R 
coaxial to W 4-6R 

( ) 9. Replace the front panel bushing. 

( ) Secure the switch mounting brackets, 
using the hardware removed in step 3. 

( ) Remount the potentiometer bracket (re
moved in step 2). 

'------ w-gn 

w-r----~~~,,-----w-bk-v 

w-v---
w-bu----..,--'1 

Fig 2 
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INSTRUCTIONS (cont) 

TO ALIGN THE KNOBS: 

( ) 10. Place the larger (Zf) knob on the shaft and tighten just enough to allow rotation of 
the switch. 

( ) 11 . Rotate the switch until the rotor contacts of Wl and W2 are at position 9 ( a 1 Meg 
resistor is connected between Wl and W2 at this position. 

( ) 12. Loosen the set-sc;:rew, align the knob index to indicate R = 1 Meg, and tighten it 
securely. 

( ) 13. Place the Zi knob on its shaft and tighten temporarily. 

( ) 14. Rotate the switch until the rotor contacts of W3 and W4 are at position 7 (a 1 Meg 
precision resistor is connected between W3 and W4 at this position) 

( ) 15. Loosen the set-screw, align the knob index to indicate R = 1 Meg, and tighten it 
securely. 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

TO MODIFY AMPLIFIER "A": 

16. 

17. 

18. 

19. 

20. 

21. 

Unsolder and remove the following components and wires associated with the "A" 
INTEGRATOR LP REJECT switch: 

100k l/4W resistor from a switch terminal to the OUTPUT coaxial connector. 

white-yellow wire from a switch terminal (other end was formerly connected to 
the old SELECTOR switch). 

1 Meg 1/4W resistor between two switch terminals. 

wire strap between two switch terminals. 

Unsolder the end of the O. 0022 µF capacitor from the switch terminals. 

Resolder it to the terminal indicated in Fig 3. 

Clean the excess solder from the switch terminals. 

Locate the white-black-violet wire from the "A" ±GRID SEL switch that was 
unsoldered from the SELECTOR switch. 

Remove the nylon spacing clip between the white -black-violet and the white -yellow 
wires. 

Dress the wire to the LP REJECT switch. 

Cut off the excess wire and solder, along with the white-black-violet wire from the 
new SELECTOR switch, W2-8R, to the switch terminal indicated in Fig 3. 

Resolder the components and wires indicated in Fig 3. 
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INSTRUCTIONS (cont) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

TO MODIFY AMPLIFIER "B": 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Locate the 100k 1/4W resistor on the "B" SELECTOR switch, soldered between 
Wl-SR and W2-8R. 

Unsolder the end from W2-8R. 

Resolder it to Wl -SF. 

Unsolder and remove the following components and wires associated with the "B" 
INTEGRATOR LP REJECT switch: 

100 k 1 / 4 W resistor from a switch terminal to the OUTPUT coaxial connector. 

1 Meg 1 / 4 W resistor between two switch terminals. 

wire strap from a switch terminal to the "B" SELECTOR switch, Wl -4R. 

wire strap between two switch terminals. 

Unsolder the end of the 0. 0022 µF capacitor from the switch terminal. 

Resolder it to the terminal indicated in Fig 3. 

Clean the excess solder from the switch terminals. 

Solder the 2...:1/2in. length of white-yellow wire (from kit) between the "B" SELECTOR 
switch, W2-8R, and the switch terminal indicated in Fig 3 (in parenthesis). 

Solder a 1 -1 /2 in. piece of bare wire (from kit) to the switch, Wl -4R. 

Place the length of insulated tubing (from kit) over the wire and dress the wire to 
the switch terminal indicated in Fig 3. DO NOT SOLDER YET. 

Resolder the components and wires to the switch as indicated in Fig 3. 

w-blc.-v (2.l 
(-w-y) 

Fig. 3 

NOTE: Fig. 3 shows the wiring for amplifier "A". 
Amplifier 11B 11 wiring differs only where shown in 
parenthesis. 
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INSTRUCTIONS (cont) 

THIS COMPLETES THE INSTALLATION. 

( ) Check wiring for accuracy. 

( ) Adjust the SELECTOR switch compensating capacitors as described in your Instruction 
Manual. 

( ) If you are using the Preliminary Instruction Manual, fasten in it the partial schematic 
(the upper circuit symbols refer to amplifier "A", the lower symbols refer to amplifier 
"B "). 

( ) If you have received your permanent Manual, make a notation in it to refer to the ampli
fier schematics for s/n 319-up. Also, add the following Parts List information: 

SWSSl0 260-0431-00 (unwired) 262-0518-00 (wired) 
Rotary SELECTOR A 

CH:cet 
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SCHEMATICS 
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SELECTOR "B" SWITCH 

For Tektronix Type "O" Plug-in Units 
Serial numbers 101-::HS, with exceptions 

DESCRIPTION 

The new operational amplifier "B" SELECTOR 
switch 262-0519-00 replaces 262-0425-00, 
previously used. 

The new switch is changed to accommodate a 
modification which improves the accuracy of 
the output amplitude with a Zf of 10 pF and 
the INTEGRATOR LP REJECT off. 

NOTE: If the serial number of your instru
ment is above those listed, or if this kit has 
been installed, disregard the instructions as 
P/N 262-0519-00 is a direct replacement. 

Publication: 
Instructions for 050-0075-00 
March 1966 

Supersedes: 
September 1963 

@ 1966, Tektronix, Inc. 
All Rights Reserved. 
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PARTS LIST 

Qty. Part Number Description 

(1 ea) Assembly, SELECTOR switch (modified 262-0519-00), consisting of: 
1 ea 210-0012-00 Lockwasher, int. 3/8 x 1/2 
2 ea 210-0406-00 Nut, hex, 4-40 x 3/16 
1 ea 210-0413-00 Nut, hex, 3/8-32 x 1/2 
1 ea 210-0840-00 Washer, steel, 0. 390 x 9 /16 x 0. 020 
1 ea 260-0430-00 Switch, raw 
2 ea 281-0031-00 Capacitor, cer, var, 3-12 pF 
2 ea 281-0048-00 Capacitor, cer, var, 5-25 pF 
1 ea 281-0504-00 Capacitor, cer, lOpF 500V ±lpF 
2 ea 281-0528-00 Capacitor, cer, 82pF 500V ±8. 2pF 
1 ea 281-0537-00 Capacitor, cer, 0. 68pF 500V ±0.136pF 
5 ea 281-0538-00 Capacitor, cer, 1 pF 500V ±0.2pF 
1 ea 301-0244-00 Resistor, comp, 240k l/2W 5% 
1 ea 301-0514-00 Resistor, comp, 510k l/2W 5% 
2 ea 309-0100-00 Resistor, prec, 10k l/2W 1% 
2 ea 309-0140-00 Resistor, prec, 500k l/2W 1% 
2 ea 309-0148-00 Resistor, prec, lM l/2W 1% 
2 ea 309-0260-00 Resistor, prec, 100k l/2W 1% 
2 ea 309-0444-00 Resistor, prec, 200k 1/2W 1% 
1 ea 316-0104-00 Resistor, comp, 100k l/4W 10% 
1 ea 348-0031-00 Grommet, poly, 1/4 
1 ea 406-0720~00 Bracket, switch end 

1 ea (162-0504-00) Tubing, plastic, #20 l-l/4in. black 
1 ea (175-0522-00) Wire, #22 solid, 6in. white -black -violet 
1 ea (1 75 -0522 -00) Wire, #22 solid, 2-1/2 in. white -yellow 
1 ea (176-0005-00) Wire, #22 solid, 1-1/2 in. bare 

INSTRUCTIONS ( TYPICAL SWITCH CONFIGURATION) 

NOTE: The following method is used to identify the 
SELECTOR switch terminals: 

The wafers are numbered from front to rear. 

The contact positions are numbered 1 through 12 
relative to the index key as shown in Fig 1. 

The contacts have an 'F' or 'R' suffix which denotes 
that they are on the front or rear of the wafer. 

Example: W2-7R (denoted by* on Fig 1) is 
contact #7 on the rear of wafer 2. 
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INSTRUCTIONS (cont) 

TO REMOVE THE OLD SWITCH: 

( ) 1. Remove the screw securing the rear mounting bracket of the amplifier "B" SELECTOR 
switch. 

( ) 2. Remove the knobs from the SELECTOR switch. 

( ) Remove the mounting nut. 

( ) 3. Unsolder the white-red wire from R5596 going to the "B" OUTPUT coax connector. 

( ) Remove the wire from the grommet and dress it out of the way. 

( ) 4. Unsolder all necessary wires from the switch and remove the switch from the 
instrument. 

TO INST ALL THE NEW SWITCH: 

( ) 5. With a lockwasher on the shaft, place the new switch (from kit) in position in the 
instrument. DO NOT MOUNT YET. 

( ) 6. Solder the wires to the switch terminals 

( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 

indicated below (see Fig. 2). 

white-gray to Wl-2F 
white-blue to W2-2R 
white-violet to W2-3R 
white-orange to W2-4R 
white-red to W2-SR 
white-green to W3-2F 
white-yellow to W3-3F 
solid white to W3-4F 
white-black-red to W3-SF 
white-black-orange to W4-2R 
coaxial to W4-8R 
bare wire from OUTPUTcoaxtoWl-llF 

( ) 7. Replace the switch mounting nut, making 

' ( ) 

( ) 

sure the index key is properly seated and 
that the rear mounting bracket is aligned. 

8. Replace the rear switch bracket mount
ing screw. 

9. Dress the white-red wire (unsoldered in 
step 3) through the grommet in the rear 
switch bracket. 

( ) Resolder to R5596. 

w-y--

w-Qn ----<or-I 

w-v----
w-bu------i 

bore----.?' 
to switch 

Fig. 2 
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INSTRUCTIONS (cont) 

TO ALIGN THE KNOBS: 

( ) 10. Place the larger (Zf) knob on the shaft and tighten just enough to allow rotation of 
the switch. 

( ) 11. Rotate the switch until the rotor contact of W2 is at position 1. 

( ) Loosen the set-screw, align the knob index to indicate R = 0. 01 Meg, and tighten it 
securely. 

( ) 12. Place the Zi knob on its shaft and tighten temporarily. 

( ) 13. Rotate the switch until the rotor. contacts of W3 and W4 are at position 1. 

( ) Loosen the set-screw, align the knob index to indicate R = 0. 01 Meg, and tighten it 
securely. 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

TO MODIFY AMPLIFIER "B": 

14. 

15. 

16. 

17. 

18. 

Unsolder and remove the following components and wires associated with the "B" 
INTEGRATOR LF REJECT switch~ 

100 k 1 / 4 W resistor from a switch terminal to the OUTPUT coaxial connector. 

1 Meg l/4W resistor between two switch terminals. 

wire strap from a switch terminal to the "B" SELECTOR switch, Wl -4F. 

wire strap between two switch terminals. 

Unsolder the end of the O. 0022 µF capacitor from the switch terminal. 

Resolder it to the terminal indicated in Fig 3. 

Clean the excess solder from the switch terminals. 

Solder one end of the 2-1 /2 in. white -yellow wire (from kit) to the switch terminal 
indicated in Fig 3 (in parenthesis, upper center in figure). 

Solder the other end, along with the white-yellow wire from the Amplifier "B" ±GRID 
SEL switch, to the SELECTOR switch, W2 -llR. 

Solder a 1-1/2 in. piece of bare wire (from kit) to the SELECTOR switch, Wl -4R. 
Place the length of insulated tubing (from kit) over the wire and dress the wire to 
the switch terminal indicated in Fig 3. DO NOT SOLDER YET. 

( ) 19. Resolder the components and wires to the switch as indicated in Fig 3. 

20. Unsolder and remove the following components and wires associated with the "A" 
INTEGRATOR LF REJECT switch: 

( ) 100 k 1 / 4 W resistor from a switch terminal to the OUTPUT coaxial connector. 

( ) white-yellow wire from a switch terminal to the "A" SELECTOR switch, Wl-4R. 

( ) 1 Meg 1/4W resistor between two switch terminals. 

( ) wire strap between two switch terminals. 
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INSTRUCTIONS ( cont) 

( ) 21. Unsolder the end of the O. 0022 µF capacitor from the switch terminals. 

( ) Resolder it to the terminal indicated in Fig 3. 

( ) 22. Clean the excess solder from the switch terminals. 

23. Locate the white-black-violet wire from the "A" ±GRID SEL switch that is soldered 
to the "A" SELECTOR switch, W2-8R. 

( ) Unsolder this wire from the "A" SELECTOR switch. 

( ) 24. Remove the nylon spacing clip between the white -black -violet and the white -yellow 
wires. 

25. Locate the 100k l/4W resistor on the "A" SELECTOR switch, soldered between 
Wl -SR and W2-8R. 

( ) Unsolder the end from W2-8R. 

( ) Resolder it to Wl -8F. 

( ) 26. Dress the white-black-violet wire, unsoldered in step 23, to the "A" LP REJECT 
switch. 

() Cut off the excess wire and solder, along with the white-black-violet wire (from kit) 
to the switch terminal indicated in Fig 3. 

( ) 27. Resolder the remainder of the components and wires indicated in Fig 3. 

( ) 28. Dress the other end of the white-black-violet wire (step 26) through the grommet in 
the "A" SELECTOR switch bracket. 

( ) Solder to the SELECTOR switch, W2-8R. 

w-'b\c.-v (2.l 
Cw-yl 

w-,; (""'-_,;t!_._)--+

-ro ,,n- 4'"'-

Fig. 3 

NOTE: Fig. 3 shows the wiring for amplifier nA". 
Amplifier 11B 11 wiring differs only where shown in 
parenthesis. 
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INSTRUCTIONS (cont) 

THIS COMPLETES THE INSTALLATION 

( ) Check wiring for accuracy. 

( ) Adjust the SELECTOR switch compensating capacitors as described in your Instruction 
Manual. 

( ) If you are using the Preliminary Instruction Manual, fasten in it the partial schematic 
(the upper circuit symbols refer to amplifier "A", the lower symbols refer to ampli
fier "B "). 

( ) If you have received your permanent Manual, make a notation in it to refer to the ampli
fier schematics for s/n 319-up. Also, add the following Parts List information: 

SW5560 260-0430-00 (unwired) 262-0519-00 (wired) 
Rotary SELECTOR B 

CH:cet 
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SCHEMATICS 
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ELECTRICAL PARTS UST 

Values are fixed unless marked variable. 

Ckt. No. 

85517 
85517 
85567 
85567 

Tektronix 
Part No. 

Use 150-027 
150-0030-00 

Use 150-027 
150-0030-00 

Bulbs 

Description 

Neon, Type NE-23 
Neon, Type NE-2 V 
Neon, Type NE-23 
Neon, Type NE-2 V 

Capacitors 

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

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

351 v--450 V = -10% + 50% 

C5509A t Selected 
(55098 t Selected 
C5509Ct Selected 
C5509D t Selected 

C5510A 1 µf 
(55108 .1 µf 
C5510C .01 µf 
C5510D *291-033 .001 µf 
C5510E l µf Z1 - 21 Series 
C5510F .1 µf 
C5510G .01 µf 
C5510H .001 µf 

C5511C t Selected 
C5511D t Selected 
C5511E 281-504 10 pf Cer. 
C5512A 281-528 82 pf Cer. 
C5512B 281-048 5-25 pf Cer. Var. 

C5512C 281-031 3-12 pf Cer. Var. 
C5512E 281-528 82 pf Cer. 
C5512F 281-048 5-25 pf Cer. Var. 
C5512G 281-031 3-12 pf Cer. Var. 
C5514 283-017 1 µf Disc Type 

(5515 283-028 .0022 µf Disc Type 
(5528 283-057 .1 µf Disc Type 
(5529 283-002 .01 µf Disc Type 
(5533 283-002 .01 µf Disc Type 
(5535 283-003 .01 µf Disc Type 
(5538 283-004 .02 µf Disc Type 

(5543 283-002 .01 µf Disc Type 
(5544 283-000 .001 µf Disc Type 
C5559A t Selected 
(55598 t Selected 
C5559C t Selected 
C5559D t Selected 

500 V 
500 V 

500 V 

3v 

50 V 
200v 
500 V 
500 V 
150 V 
150 V 

500 V 
500 V 

Parts list - Type 0 

+1% 

10% 
10% 

10% 

S/N Range 

101-3279 
3280-up 

101-3279 
3280-up 

X319-up 
X814-up 

t These capacitors are installed when necessary for optimum performance. Nominal values are from 0 to 2 pf. 
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Parts List-Type 0 

Capacitors (continued) 
Tektronix 

Ckt. No. Part No. Description 5/N Range 

C5560A l p.f 
(55608 .1 µ.f 
C5560C .01 p.f 
C5560D 

*291-033 
.001 µ.f Zi - Z1 Series +1% 

C5560E l µ.f 
C5560F . l µ.f 
C5560G .01 µ.f 
C5560H .001 µ.f 

C5561Ct Selected 
C5561Dt Selected 
C5561E 281-504 10 pf Cer. 500 V 10% 
C5562A 281-528 82 pf Cer. 500 V 10% 
(55628 281-048 5-25 pf Cer. Var. 

C5562C 281-031 3-12 pf Cer. Var. 
C5562E 281-528 82 pf Cer. 500 V 10% 
C5562F 281-048 5-25 pf Cer. Var. 
C5562G 281-031 3-12 pf Cer. Var. 
(5564 283-017 l µ.f Disc Type 3v 

(5565 283-028 .0022 µ.f Disc Type 50 V 

(5578 283-057 .1 µ.f Disc Type 200 V 

(5579 283-002 .01 µ.f Disc Type 500 V 

(5583 283-002 .01 µ.f Disc Type 500 V 

(5585 283-003 .01 µ.f Disc Type 150 V X319-up 

(5588 283-004 .02 µ.f Disc Type 150 V X814-up 
(5593 283-002 .01 µ.f Disc Type 500 V 

(5594 283-000 .001 µ.f Disc Type 500 V 

(6501 Use *285-0672-00 .1 p.f PTM 600 V 

C6507 281-543 270 pf Cer. 500 V 10% 

(6508 281-007 3-12 pf Cer. Var. 
C6508C 281-010 4.5-25 pf Cer. Var. 
C6508D 281-501 4.7 pf Cer. 
(65098 281-010 4.5-25 pf Cer. Var. 
C6509C 281-007 3-12 pf Cer. Var. 

C6510B 281-010 4.5-25 pf Cer. Var. 
C6510C 281-010 4.5-25 pf Cer. Var. 
C6510E 283-508 150 pf Mica 500 V l C % 
C6513A 281-505 12 pf Cer. 500 V 10% 
C6513B __ 281-010 4.5-25 pf Cer. Var. 

C6513C 281-005 1.5-7 pf Cer. Var. 
C6513E 283-543 250 pf Mica 500v 5% 
(6518 283-002 .01 µ.f Disc Type 500v 
(6519 283-002 .01 µ.f Disc Type 500 V 

(6521 Use 281-036 3-12 pf Cer. Var. 

(6523 283-023 .1 µ.f Disc Type 10 V Xl05-2949X 
C6525 281-0509-00 15 pf Cer. 500v 10% X2950-up 
(6539 290-164 l µ.f EMT 150 V 

(6541 Use 281-036 3-12 pf Cer. Var. 
(6545 281-0509-00 15 pf Cer. 500v 10% X2950-up 

tThese capacitors are installed when necessary for optimum performance. Nominal values are from 0 to 2 pf. 
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Parts Lost - Type 0 

Capacitors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

C6546 281-0063-00 9-35 pf Cer. Var. X2950-up 
C6562 283-0065-00 .001 µf Disc Type 100 V 5% X2950-up 
C6564 281-027 .7-3 pf Tub. Var. 
C6565 283-028 .0022 µf Disc Type 50 V 101-2949X 
C6572 283-0065-00 .001 µf Disc Type 100v 5% X2950-up 

C6574 281-027 .7-3 pf Tub. Var. 
C6576 283-002 .01 µf Disc Type 500 V 

C6579 283-004 .02 µf Disc Type 150 V 101-2949X 
C6582 283-002 .01 µf Disc Type 500 V 

C6584 283-002 .01 µf Disc Type 500 V 

C6586 283-002 .01 µf Disc Type 500 V 

C6589 Use 283-057 .1 µf Disc Type 200v 

Diodes 

D5528 152-087 Zener IN3044B 100 V 101-813X 
D5529 152-087 Zener IN3044B 100v 101-813 
D5529 152-055 Zener 1 N962B Aw 11 V 5% 814-up 
D5578 152-087 Zener IN3044B 100 V 101-813X 
D5579 152-087 Zener IN3044B 100 V 101-813 

D5579 152-055 Zener 1 N962B .4w 11 V 5% 814-up 
D6576 152-016 Zener RT6 101-2949 
D6576 152-0076-00 Zener IN4372 Aw 3v 10% 2950-up 

Inductors 

L5520 276-532 Bead, Ferrite X2651-3429 
L5520 27 6-0507-00 Core, Ferramic Suppressor 3430-up 
L5530 276-532 Bead, Ferrite X2651-3429 
L5530 27 6-0507-00 Core, Ferramic Suppressor 3430-up 
L5570 276-532 Bead, Ferrite X2651-3429 

L5570 276-0507-00 Core, Ferramic Suppressor 3430-up 
L5580 276-532 Bead, Ferrite X2651-3429 
L5580 276-0507-00 Core, Ferramic Suppressor 3430-up 
L6524 *114-149 .2-.325 µh Var. Core 276-506 101-2949 
L6524 *114-0043-00 .5-1 µh Var. Core 276-0506-00 2950-up 

L6544 *114-149 .2-.325 µh Var. Core 27 6-506 101-2949 
L6544 *114-0043-00 .5-1 µh Var. Core 276-0506-00 2950-up 
L6564 *114-043 .5-1 µh Var. Core 276-506 101-2949X 
L6565 276-528 Core, Ferrite X2429-2949X 
L6574 *114-043 .5-1 µh Var. Core 276-506 101-2949X 
L6575 276-528 Core, Ferrite X2429-2949X 
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Parts List - Type 0 

Resistors 

Tektronix 
Ckt. No. Part No. Description SIN Range 

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

R5509A 309-148 1 meg ½w Pree. 1% 101-3519 
R5509A 323-0481-01 1 meg ½w Pree. ½% 3520-up 
R5509B 309-140 500 k ½w Pree. 1% 101-3799 
R5509B 323-07 40-01 500 k ½w Pree. ½% 3800-up 
R5509C 309-444 200 k ½w Pree. 1% 101-3799 

R5509C 323-0414-01 200 k ½w Pree. ½% 3800-up 
R5509D 309-260 100 k ½w Pree. 1% 101-3519 
R5509D 323-0385-01 100 k ½w Pree. ½% 3520-up 
R5509E 309-100 10 k ½w Pree. 1% 101-3519 
R5509E 323-0289-01 10 k ½w Pree. ½% 3520-up 

R5509F 301-514 510 k ½w 5% 
R5509G 301-244 240 k ½w 5% 
R5511A 309-148 1 meg ½w Pree. 1% 101-3519 
R5511A 323-0481-01 1 meg ½w Pree. ½% 3520-up 
R551 l B 309-140 500 k ½w Pree. 1% 101-3799 

R5511B 323-07 40-01 500 k ½w Pree. ½% 3800-up 
R5511C 309-444 200 k ½w Pree. 1% 101-3799 
R5511 C 323-0414-01 200 k ½w Pree. ½% 3800-up 
R5511D 309-260 100 k ½w Pree. 1% 101-3519 
R5511D 323-0385-01 100 k ½w Pree. ½% 3520-up 

R5511E 309-100 10 k ½w Pree. 1% 101-3519 
R5511E 323-0289-01 10 k ½w Pree. ½% 3520-up 
R5513 316-104 100 k 1/4 W 
R5514 316-105 1 meg 1/J,W 

R5515 316-104 100 k ¼w 

R5517 316-104 100 k ¼w 
R5518 316-105 1 meg ¼w 
R5519 316-103 10 k ¼w 
R5520 316-470 470 ¼w 101-2650X 
R5521 302-473 47k ½w 101-813 

R5521 309-354 45 k ½w Pree. 1% 814-up 
R5522 311-164 50 k Var. OUTPUT DC LEVEL 
R5523 310-070 33 k lw Pree. 1% 101-813 
R5523 305-393 39k 2w 5% 814-3239 
R5523 305-0273-00 27 k 2w 5% 3240-up 

R5524 302-102 1 k ½w 
R5525 309-354 45 k ½w Pree. 1% 101-813 
R5525 323-347 40.2 k ½w Pree. 1% 814-up 
R5526 305-223 22 k 2w 5% 101-813 
R5526 308-241 22 k 7w WW 1% 814-up 

R5529 Use 306-473 47 k 2w 
R5530 316-470 470 ¼w 101-2650X 
R5531 302-473 47k ½w 101-813 
R5531 309-354 45k ½w Pree. 1% 814-up 
R5532 311-153 10 k Var. DC LEVEL RANGE 
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Parts list - Type 0 

Resistors (continued) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

R5533 302-102 1 k ½w 
R5534 305-123 12 k 2w 5% X155-up 
R5535 311-171 5k Var. X155-up 
R5538 315-102 1 k 1/J,w 5% X814-up 
R5539 304-184 180 k lw X814-3239 

R5539 305-0823-00 82 k 2w 5% 3240-up 
R5540 316-104 100 k 1/J.w 
R5541 316-470 470 1/J.w 
R5542 316-101 1100 ,/,,.w 
R5543 302-221 2200 ½w 

R5544 315-100 100 %w 5% 
R5546 308-069 12 k 8w WW 5% 
R5547 316-154 150 k 1/J.w 
R5548 311-068 500 k Var. OPEN LOOP GAIN 
R5559A 309-148 1 meg ½w Pree. 1% 101-3519 

R5559A 323-0481-01 1 meg ½w Pree. ½% 3520-up 
R5559B 309-140 500 k ½w Pree. 1% l 01-3799 
R5559B 323-07 40-01 500 k ½w Pree. ½% 3800-up 
R5559C 309-444 200 k ½w Pree. 1% 101-3799 
R5559C 323-0414-01 200 k ½w Pree. ½% 3800-up 

R5559D 309-260 100 k ½w Pree. 1% l 01-3519 
R5559D 323-0385-01 100 k ½w Pree. ½% 3520-up 
R5559E 309-100 10 k ½w Pree. 1% 101-3519 
R5559E 323-0289-01 10 k ½w Pree. ½% 3520-up 
R5559F 301-514 510 k ½w 5% 

R5559G 301-244 240 k ½w 5% 
R5561 A 309-148 1 meg ½w Pree. 1% l 01-3519 
R5561A 323-0481-01 1 meg ½w Pree. ½% 3520-up 
R5561B 309-140 500 k ½w Pree. 1% l 01-3799 
R5561B 323-07 40-01 500 k ½w Pree. ½% 3800-up 

R5561 C 309-444 200 k ½w Pree. 1% l 01-3799 
R5561 C 323-0414-01 200 k ½w Pree. ½% 3800-up 
R5561D 309-260 100 k ½w Pree. 1% 101-3519 
R5561D 323-0385-01 100 k ½w Pree. ½% 3520-up 
R5561E 309-100 10 k ½w Pree. 1% 101-3519 

R5561E 323-0289-01 10 k ½w Pree. ½% 3520-up 
R5563 316-104 100 k %w 
R5564 316-105 l meg 1/4w 
R5565 316-104 100 k 1/4w 
R5567 316-104 100 k 1/4w 

R5568 316-105 l meg 1/4w 
R5569 316-103 10 k 1/4w 
R5570 316-470 470 %w 1 0l-2650X 
R5571 302-473 47 k ½w l 01-813 
R5571 309-354 45 k ½w Pree. 1% 814-up 
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Parts List - Type 0 

Resistors (continued) 

Tektronix 
Ckt. No. Part No. Description 5/N Range 

R5572 311-164 50 k Var. OUTPUT DC LEVEL 
R5573 310-070 33 k lw Pree. 1% 101-813 
R5573 305-393 39k 2w 5% 814-3239 
R5573 305-0273-00 27 k 2w 5% 3240-up 
R5574 302-102 l k ½w 

R5575 309-354 45 k ½w Pree. 1% l 01-813 
R5575 323-347 40.2 k ½w Pree. 1% 814-up 
R5576 305-223 22 k 2w 5% l 01-813 
R5576 308-241 22 k 7w WW 3% 814-up 
R5579 Use 306-473 47 k 2w 

R5580 316-470 470 ¼w 101-2650X 
R5581 302-473 47k ½w l 01-813 
R5581 309-354 45 k ½w Pree. 1% 814-up 
R5582 311-153 10 k Var. DC LEVEL RANGE 
R5583 302-102 l k ½w 

R5584 305-123 12 k 2w 5% Xl 55-up 
R5585 311-171 5k Var. Xl 55-up 
R5588 315-102 1 k ¼w 5% X814-up 
R5589 304-184 180 k l w X814-3239 
R5589 305-0823-00 82 k 2w 5% 3240-up 

R5590 316-104 100 k ¼w 
R5591 316-470 470 ¼w 
R5592 316-101 1000 ¼w 
R5593 302-221 2200 ½w 
R5594 315-100 1000 ¼w 5% 

R5596 308-069 12 k 8w WW 5% 
R5597 316-154 150 k 1/,.w 
R5598 311-068 500 k Var. OPEN LOOP GAIN 
R6502 302-220 220 ½w 
R6507 302-220 220 ½w 

R6508C 309-140 500 k ½w Pree. 1% 
R6508E 309-148 l meg ½w Pree. 1% 
R6509C 309-141 750 k ½w Pree. 1% 
R6509E 309-139 333 k ½w Pree. 1% 
R6510C 309-142 900k ½w Pree. 1% 

R6510E 309-138 111 k ½w Pree. 1% 
R6513C 309-145 990 k ½w Pree. 1% 
R6513E 309-135 10.1 k ½w Pree. 1% 
R6516 302-270 270 ½w 
R6517 309-148 1 meg ½w Pree. 1% 

R6518 316-104 100 k ¼w 
R6519 316-334 330 k ¼w 
R6520 *308-141 10 ½w WW 5% X105-2949X 
R6521 316-470 470 ¼w 
R6522 316-221 2200 ¼w Xl05-2949 
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Tektronix 
Ckt. No. Part No. 

R6522 301-0331-00 
R6523 316-560 
R6523 *308-141 
R6524 318-083 
R6530 *311-259 

R6531 303-153 
R6532 303-153 
R6533 311-171 
R6536 Use 311-392 
R6538 306-103 

R6539 302-562 
R6541 316-470 
R6544 318-083 
R6546 311-0337-00 
R6550 311-028 

R6551 302-104 
R6552 302-104 
R6556 302-104 
R6557 311-301 
R6557 311-088 

R6558 302-104 
R6560 303-0103-00 
R6562 315-0221-00 
R6563 302-392 
R6564 318-083 

R6565 307-023 
R6567 321-0097-00 
R6568 319-050 
R6568 321-0059-00 
R6569 301-912 

R6570 303-0103-00 
R6572 315-0221-00 
R6573 302-392 
R6574 318-083 
R6575 307-023 
R6576 306-392 

R6577 321-0097-00 
R6578 315-0822-00 
R6579 301-912 
R6580 304-152 
R6582 302-101 
R6586 302-101 

Unwired Wired 

SW551 0A&B *260-430 Use *050-07 4 
SW551 0A&8 *260-430 *262-518 
SW5515 260-396 
SW5517 260-398 
SW5520 260-397 

® 

330n 
56n 
ln 
200n 
710 n 

15 k 
15 k 
5k 
10 k 
10 k 

5.6 k 
47n 
200n 
20 k 
2xl00 k 

100 k 
100 k 
100 k 
100 k 
100 k 

100 k 
10 k 
220n 
3.9 k 
200n 

4.7n 
100n 
1190 
40.2n 
9.1 k 

10 k 
220n 
3.9 k 
200n 
4.7n 
3.9 k 

100 n 
8.2 k 
9.1 k 
1.5 k 
100n 
100n 

Rotary 
Rotary 
Toggle 
Toggle 
Toggle 

Resistors (continued} 

Description 

½w 
¼w 
½w WW 
1/a w 

Var. WW 

lw 
lw 

Var. 
2w Var. WW 
2w 

½w 
¼w 
1/aw Pree. 

Var. 
2w Var. 

½w 
½w 
½w 
2w Var. 

0.2w Var. 

½w 
lw 

¼w 
½w 
1/aw Pree. 

½w 
1/aw Pree. 
¼w Pree. 
¼w Pree. 
½w 

lw 
¼w 
½w 
1/aw Pree. 
½w 
2w 

1/a w Pree. 
¼w 
½w 
lw 

½w 
½w 

Switches 

SELECTOR A 
SELECTOR A 

INTEGRATOR LF REJECT A 
GRID SEL 
DC LEVEL ADJ A 

Parts list - Type 0 

5/N Range 

5% 2950-up 
101-104 

5% 105-2949X 

VARIABLE VOLTS/CM 

5% 
5% 

DC BAL. 
GAIN ADJ. 

1% 
X2950-up 

POSIT:ON 

VERT. POS. RANGE 101-154 

5% 
5% 

1% 

1% 
1% 
1% 
5% 

5% 
5% 

1% 

1% 
5% 
5% 

155-up 

101-2949X 
X2950-up 
X2950-up 

101-2949X 
101-2949X 

1 0l-2949X 
X2950-up 
101-2949 
2950-up 

101-2949X 

X2950-up 
X2950-up 

101-2949X 
101-2949X 
101-2949X 
101-2949X 

X2950-up 
X2950-up 

101-2949X 

101-318 
319-up 
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Parts List - Type 0 

Ckt. No. 
Tektronix 
Part No. 

Unwired Wired 

SW5560A&B *260-431 Use *050-075 
SW5560A&A *260-431 *262-519 
SW5565 260-396 
SW5567 260-398 
SW5570 260-397 

SW6500 *260-432 Use *262-634 
SW6502 260-248 
SW6510 *260-428 *262-426 

Q5523 *151-0096-00 
Q5523 151-0150-00 
Q5573 *151-0096-00 
Q5573 151-0150-00 

Q6564 151-067 
Q6564 *151-0120-00 
Q6574 151-067 
Q6574 *151-0120-00 

V5524} t 
V5534 Use *157-071 

V5529 154-370 
V5539 154-370 
V5543 154-187 

V5574}t 
V5584 Use *157-071 

V5579 154-370 
V5589 154-370 
V5593 154-187 

V6524}t 
V6544 Use *157-077 

Rotary 
Rotary 
Toggle 
Toggle 
Toggle 

Rotary 
Push Button 
Rotary 

Switches (continued) 

Description 

SELECTOR B 
SELECTOR B 

INTEGRATOR LF REJECT B 
GRID SEL 
DC LEVEL ADJ B 

VERTICAL DISPLAY 
ZERO CHECK 
VOLTS/CM 

Transistors 

Selected from 2Nl 893 
Silicon 2N3440 
Selected from 2Nl 893 
Silicon 2N3440 

2N1143 
Selected from 2N2475 
2N1143 
Selected from 2N2475 

Electron Tubes 

8426 

221000 
221000 
6DJ8 

8426 

221000 
221000 
6DJ8 

8426 

t Selected pair. Furnished as a unit. 
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S/N Range 

101-318 
319-up 

X814-3879 
3880-up 

X814-3879 
3880-up 

101-2949 
2950-up 

101-2949 
2950-up 

X814-up 
X814-up 

X814-up 
X814-up 
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TYPE 0 TENT SN 3880 

CHANGE TO: 

Q.5523 

Q5573 

TEK O RB 

INSTRUCTION MANUAL 
PARTS LIST AND SCHEMATIC ADDENDUM 

151-0150-00 

151-0150-00 

Silicon 

Silicon 

2N3440 

2N3440 

This insert is placed in its appropriate 
position in your Product Reference Book 
and printed on co Zared paper to expedite 
retrieval. In a standard manual~ it will 
be filed at the back of the manual. 

Mll,567/867 
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FACTORY TEST LIMITS 

QUALIFICATION 

Factory test limits are qualified by the 
conditions specified in the main body of 
the factory calibration procedure. In
struments may not meet factory test lim
its if calibration or checkout methods 
and test equipment differ substantially 
from those in the factory procedure. 

These limits usually are tighter than 
advertised performance requirements, 
thus helping to insure the instrument 
will meet or be within advertised per
formance requirements after shipment 
and during subsequent recalibrations. 
Instruments that have left the factory 
may not meet factory test limits but 
should meet catalog or instruction 
manual performance requirements. 

OUTPUT DC LEVEL +67.5V ±2.5V 

DC BALANCE 

control must be centered ±90° 

VERTICAL POSITION RANGE 

control must be centered ±90° 

GRID CURRENT AND MICROPHONICS 

Grid current 
Microphonics 

DC SHIFT 

GAIN 

GAIN ADJ Range 
Set GAIN ADJ 

VOLTS /CM ACCURACY 

2mm, max. 
2mm, max.; 

no ringing type 

1mm, max. 

±10%, min. 
exactly 2cm. 

Accuracy ±2%, max. 
Variable VOLTS/CM range 2.5 to 1, min. 

PREAMPLIFIER SPIKES 

Dress leads minimum spikes 

TEK O PRB 1-4-66 

INPUT AND NEUTRALIZING CAPACITORS 

Adjust input and neutralizing capacitors 
for best flat top and square-wave 

VOLTS/CM COMPENSATIONS 

Flat top deviation ± .5 mm, max 

HIGH FREQUENCY COMPENSATION 

adjust for best square corner 

RISETIME 

FREQUENCY RESPONSE 

13.5 ns, max 
ringing: 1%, max 

Check response de to 26 MHz at -3 dB 

OUTPUT DC LEVEL 

OUTPUT ~C LEVEL ADJ 
adjusted to electrical center 

DC LEVEL Range adjusted to O volts 

OPEN LOOP GAIN 

Range Adjust to 3000 

OUTPUT CONNECTORS3 VOLTAGE AND CURRENT 

Check output voltage 
Check output current 

GRID CURRENT 

Grid current, -grid 
Grid current, +grid 

NOISE 

Check noise 

Zi AND Zf VALUES 

±50 V, min 
5 mA, min. 

.3 nanoamp, max 
.15 nanoamp, max 

.5 cm, max 

Check Zi and Zf resistors 
must match within ±1% 

Check Zi and Zf capacitors 
must match within ±1% 

1 



Test Limits - continued 

Zi - Zf EQUALIZATION 

Select capacitors less than 5% roll-
off, hook, or overshoot 

Unity gain bandwidth 750 kHz, min 

GAIN - BANDWIDTH PRODUCT 

Check gain-bandwidth product 
15 MHz, min 

COMPENSATED BANDWIDTH 

Check bandwidth -3 dB at 10 MHz 

OUTPUT IMPEDANCE 

CROSSTALK 

A to B amplifier 
B to A amplifier 

2 

<35 Q 

500:1, min 
500:1, min 
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MISCELLANEOUS CALIBRATION INFORMATION 

Leonard Bell to Geoff Gass 

September 25 I am giving a lecture to our local 
"troops" on the O Unit. There are a number of 
questions we would like answers for before the 25th 
if possible. Since we haven't seen very many O Units 
here at the Union office, some of the items may be 
"old hat" by now. 

1. OnOUnit,S/N690,Ifindthatthe chassis mark
ings for the input caps C-6541 and C-6521 seem 
to be reversed. Using the Factory Cal. Proce
dure, dated Jan. 26, 1962, step No. 14dsays to 
tweek C-6541 for Ext DC+ and C-6521 for Ext 
DC-. ThecapmarkedC-654lonthisparticular 
instrument tweeked the Ext DC - and vice versa. 

2. In connection with No. 1 above, I checked the 
preamp schematic in two manuals. One manual 
has two operational amp schematics, one for 
S/N 101 thru 318 and one for S/N 318 and up. 
The other manual has operational amp sche
matics for S/N 101 thru 813 and 813 and up. 
In both manuals the preamplifier schematics 
appear to have errors in the vertical display 
switch wafer 3F and 4R area. Both schematics 
are marked MRH 2-19-62, but one has A at 
bottom center and the other A1. In neither 
schematic can I trace a signal from the junction 
of R6517 and R6518 to either input grid. The 
way they are drawn it appears that both input 
grids are shorted together in all input positions 
and that the input is left floating. 

3. While adjusting the attenuator compensations, I 
found a "stacking" problem on the 10 V /cm and 
20 V /cm positions. There was a leading spike on 
both these positions even though the XlO0, X2, 
and X4, attenuators by themselves looked good. 
I tried "fudging" back and forth but couldn't 
come up with a satisfactory compromise that 

TEK O IRB 11-25-64 
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would make the compensations look good when 
used singly and stacked. Is this normal or is 
there a cure that you know of? 

P .S. The problem was worst in the 20 V /cm 
position. 

4. Cal Procedure step No. 21c has a trap in the 
wording. First sentence should read "Remove 
Calibrator signal from EXT INPUT and apply 
itthrough the special AC couplerto A INPUT." 
I moved only the patch cord and thus got into a 
lot of trouble until Bob Keyes and I figured out 
that the AC coupler has to be moved also. 

5. It seems that there must be a later Cal Proce
dure than the one I have--is there?Ifso, could 
I get nine copies? 

6. What are the latest specs for grid current? 
Noise specs? 

7. Do you have any pictures of what the best 10 kc 
square wave looks like when it leaves produc
tion? I am referring to lead dressing for opti
mum square wave. 

8. Could you send eight copies of your O Unit LF 
Reject Circuits write-up? If not, then perhaps 
at least one? 

9. Do you have an ABC type of explanation for the 
operation of R6568, 6569, 6579, and C6579, 
i.e. how do they compensate for thermal 
changes? 

Any help you can give will certainly be greatly 
appreciated. 
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Geoff Gass to Leonard Bell 

Here's what I can dig up for you: 

1. It's the FCP, not the silk-screening that's in 
error. If you'll look in the manual, you'll see 
that the photos on page 7-4, either in edition 
A or revised edition Al, show C6521 as the 
marking for the CCW (+Input) capacitor of the 
pair. Current production is the same. This is 
consistent with the schematic and the cal proce
dure in the manual. 

2. The preamp input switching was finally 
straightened out in the schematic edition A2, 
which is contained in the revised manual 
(coded 563 or higher on the title page). Wud be 
a good idea if you ordered current manuals for 
your class. 

3. 

4. 

5. 

6. 
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Attenuator Tweeking--10 v /cm, 20 v /cm: Ralph 
Smith in Plant 1 Test says about a millimeter 
of overshoot or a little less is normal for the 
stacked attenuator positions at the high end. If 
you have about this much ~2%), rest easy. If 
more, you may need new input jugs (157-077). 

This part of the FCP is quite confusing. The 
Manual procedure assumes you don't have a 
special coupler, but gets more complicated. 

There 1 s really no point in putting the AC coup
ler on the Ext input that I can see. Just use 
+AC. But anyway, you're trying to prove in this 
step that the O can hack ±50 v and (part d) ±5 
ma output, which you accomplish by changing 
the unidirectional 100 v cal signal to a ±50 v 
signal. The FCP should make this more clear, 
I agree. Cal symmetry should be pretty close 
for this test. 

So far as I know, these corrections have never 
been made--the 1-26-62 version of the FCP is 
the latest available. 

Latest specs for grid current are: 

(Us) 300pA on the -grid 
150 pA on the +grid 

_(Customer) Less than 500 picoampeires, ad-
justable to the above spex. 

In the FCP ( see also Manual, page 7 - 7) it 
should mention that the - grid grid current 
should deflect the spot downward with the input 
selector at +A (+B) and the grid current at the 
+grid should deflect the spot upward. 

9-10-63 

For noise, same as always: set 'er up for 
XlO0 gain and don't get more than 25 mv p-p 
output noise (250 µ,v input noise test spec). 
Customer type number is 500 µ,v. The other 
number in the manual (3 mv) is the additional 
output noise when Zf is 1 meg. This is to 
account for the fact tnat when Zf = Z. = 1 M, 
the equivalent input noise is not 1/2 fuv, but 
more like 2 or 3 mv because the feed-back 
isn't compensated, and all of the output noise 
doesn't get back to the input. With Zf = 10 k, 
you don't see this noise. 

7. Best lOkc square wave? That's easy--on 10k 
and lOkl 

Seriously, the enclosed photos from S/N 1522 
(rotation instrument) show a big 5% on 1 meg/ 
lmeg and in two different ways. Channel Ahas 
a spike and a slow tilt, Channel B just has lots 
of spike. There's an unfortunate spike on the 
100 k position of Ch A; this could be fixed. 

The third waveform photo shows (upper half, 
middle trace and lower half, middle trace) 
what just micro tweaking of the C5509 and 
C5559 (1 pf each) lead dress can do. The final 
trim of compensation is normally done by push
ing these leads around. 

The upper and lower traces of each set of three 
shows what fiddling with the LF Reject switch 
will do. In the 1 cps position you roll it off; in 
the 1 kc position you spike it up. Channel A did 
not quite make bandwidth in the 1 cps reject 
position, but this is not technically a material 
consideration--if you make bandwidth in the 
"off" position. The effect of the LF Reject 
switch is simply a miniscule change in the 
millipicofarads between the -grid and the input 
and output circuits. Trying to control this more 
closely than we do, without lousing up the lOpf 
integrator or something else, would be pretty 
tough. So we live with it. 

The actual compensation of the 1 M/ 1 M ampli
fier is not too stable. The difference between 
the first two and the third set of waveforms did 
not amount to more than perhaps 1/64" shift of 
an inch of wire. So when you ask for "best", I 
almost have to ask, how many minutes and feet 
away from the calibration bench? A few seconds 
with a spudger will convince you, I think, Leo
nard. 
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Certainly if an O came out of a repair center 
looking like the third photo in the 1 M/1 M posi
tion, that would be as much as anyone could ask. 

8. Rather send you only one. It's along, talky and 
unwieldy thing, and I'd like to cut it down to 
about a tenth size before making a general dis
tribution via printing - - confining the "pre
publication" distribution to those who have 
some urgent need to get the info in whatever 
awkward shape it's in. Maybe you can talk 
around it and the guys' notes can be the es
sential abstract. 

9. I think if you look on the output emitter net
work as "DC Shift" compensation and throw 

0-Unit Output Stcu~ 

T As given 

> .~- ~ 
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out that "thermal" nomenclature, you get a 
better picture of the purpose. The compensa
tion is not for ambient temperature in the plug
in, but for the change in a transistor's char
acteristics that happens when you turn it on 
hard. It starts out with normal gain, then picks 
up a little. It would be better, I think, for under
standing purposes if- -in your mind's eye- -you 
turn the transistors over so their emitters 
("cathodes") are looking at each other, and then 
split 'em apart as shown on the enclosed sketch. 
It's front-corner boost, or flat-top sag, or 
whatever you want to call the rummy little time
constants that get to ya when you work with 
transistors or vacuum tubes. In this case, the 
compensation looks like about 1/2% by 360 
µsec, or 0.3 mm in 6 cm. Pretty small. 

1st Shuffle 

+100 

3.9K 

9. lK 

T.02 
9. lK 

Effect - About l/2% by 360µsec 

_J--
:J"'~ focxhtoc doiog thh, 
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50fJsec/c'11 0 - Unit Ri Rf compensation (D 

50 fJSec/ cm O - Unit Ri Rf compensation 

Comp Cap Lead Dress, Effects of L.F. REJ sw. @ 

1522 CH A 

All 4crn 

:522 CH B 

10/10 

100/100 

200/200 

500/500 

lm/lm 

All 4cm 

1522 Dressi rig 

C5509, C5559 

l cps 

off 

1 kc 

l cps 
off 
l kc 

A 

B 

All ,;:::5cm 
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CALIBRATION/TEST LIMIT ADDENDUM 

OPEN LOOP GAIN 

0 FCP, July, 1964 

Page 4, Step 21 change to: 
OPEN LOOP GAIN 
Range: Adjust to 3000. 

Page 14, step 21 change test limit to: 
OPEN LOOP GAIN adjust to 3000 

TEI< 0 IRB 4-25-65 

PMSE 4-7-65 

Page 14, step 21, last sentence change to: 
Adjust Open Loop Gain for exactly 3 cm of deflection. 

Reason for change: 
Test limits were too tight and did not take into 
consideration differences in indicators. 
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lntrodudion 

The following procedure should be used to calibrate the 
Type O Operational Amplifier Plug-In Unit. The instrument 
should not require frequent calibration, but occasional adjust
ments will be necessary when tubes and other components 
are changed. Also, a periodic recalibration is desirable 
from the standpoint of preventive maintenance. 

Apparent troubles in the instrument are occasionally the 
result of improper calibration of one or more circuits. Con
sequently, calibration checks should be an integral part of 
any troubleshooting procedure. Abnormal indications during 
calibration checks will often aid in isolating troubles to a 
definite circuit or stage. 

In the instructions that follow, the steps are arranged in 
the proper sequence for a complete calibration of the unit. 
Each step contains the information required to make one 
check or adjustment or a series of related checks or adjust
ments. The steps are arranged to avoid unnecessary repeti
tion of checks or adjustments. 

EQUIPMENT REQUIRED 

NOTE 

It may be necessary to use BNC to UHF adapters, 
on some instruments, to be able to calibrate the 
instrument using the fol lowing procedure. If your 
instrument is equipped with BNC connectors, then 
the Input Time Constant Normalizer with BNC 
connectors ( 011-0068-00) must be used. If a UHF 
Input Time Constant Normalizer is used along with 
an adapter, then the unit will be normalized to 
approximately 45 pF. The adapter adds about 
2 pF to the Input Time Constant Normalizer. 

The following equipment or its equivalent is required to 
perform a complete calibration of the Type O Unit. 

1. An accurate DC voltmeter with a sensitivity of 5000 ohms 
per volt or better. 

2. An ohmmeter. 

3. An oscilloscope having a bandpass of at least 30 MHz in 
which to insert the Type O Unit during calibration, such as 
a Tektronix Type 540, 550 or 580 series oscilloscope. The 
test oscilloscope square-wave transient adjustment must be 
correct. 

4. Standard amplitude calibrator. Accuracy within 0.25%; 
signal amplitude, 5 millivolts to 50 volts; output frequency of 
approximately 1 kHz. Tektronix calibration fixture 067-0502-00 
recommended. 

5. Square-wave generator. Frequency, 1 kHz and 500 kHz; 
risetime, 20 ns or faster from high-amplitude output; 1 ns or 
faster from first-rise output. High-amplitude output variable 
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SECTION 7 

CALIBRATION 

PROCEDURE 
from 0.2 volts to 12 volts into a 50-ohm load, about 7 volts 
to 120 volts unterminated. Fast-rise output variable from 0.2 
volts to .5 volts into a 50-ohm load. Tektronix Type 106 
Square-Wave Generator recommended. 

6. (Optional). Constant amplitude signal generator. Capable 
of generating sine wave of constant amplitude from 350 kHz 
through 30 MHz with an output impedance of 50 ohms. Tek
tronix Type 191 Constant Amplitude Signal Generator recom
mended. 

7. A 47-pF Input Normalizer. On plug-in units with UHF type 
connectors order Tektronix Part No. 011-0030-00; for units 
with BNC type connectors order Tektronix Part No. 011-0068-
00. 

8. A 6-inch plug-in extension, Tektronix Part No. 013-0055-00. 

9. A 50-ohm 42-inch coaxial cable with BNC connectors on 
each end. Order Tektronix Part No. 012-0057-01. 

10. Coaxial cable. Impedance, 50 ohms; Type RG8/213; 
length, five nanoseconds; connectors, GR874. Tektronix Part 
No. 017-0502-00. Supplied with items 5 and 6. 

11. In-line termination. Impedance, 50 ohms; connectors, 
GR input with BNC male output. Tektronix Part No. 017-
0083-00. Supplied with items 5 and 6. 

12. 10 X attenuator. Impedance, 50 ohms; connectors GR
Type. Tektronix Part No. 017-0078-00. 

13. Adapter, GR to BNC male. Tektronix Part No. 017-0064-
00. 

14. Additional adapter (for plug-in units with UHF con
nectors). UHF male to BNC female. Tektronix Part No. 103-
0015-00. 

15. One 18-inch patch cord. BNC to banana plug connectors. 
Tektronix Part No. 012-0091-00. 

16. One 18-inch patch cord. Banana plug connectors. Tek
tronix Part No. 012-0031-00. 

17. Double banana plug adapters (three). General Radio Type 
274-MB. 

18. Capacitor. 1 µF, 100 V. 

19. Two 6-inch patch cords. For plug-in units with BNC con
nectors use Tektronix Part No. 012-0088-00; for UHF con
nectors, use Tektronix Part No. 012-0023-00. 

20. A 10 kn, 1 %, ½-watt resistor 

21. A 27-ohm, 10%, 1-watt resistor. 

22. Grid Current Checker, Tektronix Part No. 067-0507-00. 
A very low-leakage capacitor and a SPST switch may be 
substituted for the O Unit Grid Current Checker. The Ca
pacitor and switch, if used, should be wired as per Fig. 
4-3 in this manual. Note: Polystyrene and mylar type ca
pacitors have very low leakage. 
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Calibration-Type 0 

23. Assorted alignment tools: 

1-Jaco No. 125 insulated low-capacitance-type screw
driver with 1 ½ inch long shank and 1/a inch wide metal 
tip. Total length is 5 inch. Tektronix Part No. 003-
0000-00. 

1-Low-capacitance alignment tool, Tektronix Part No. 
003-0007-00; 

Consisting of: 

1-Gray nylon insert with wire pin, Tektronix Part 
No. 0308-00. 

1-White cymac insert with wire pin, Tektronix Part 
No. 003-0309-00. 

1-Gray nylon insert with metal screwdriver tip, 
Tektronix Part No. 003-0334-00. 

1-% 4 inch hexagonal wrench insert, Tektronix Part 
No. 003-0310-00. 

1-Nylon handle, Tektronix Part No. 003-0307-00. 

PRELIMINARY PROCEDURE 

Make a complete visual check of the plug-in unit. Be 
careful not to change any of the lead dress around the Zi
Z1 SELECTOR switches. 

Make resistance checks from each interconnecting plug 
terminal to ground. The resistance values should be approxi
mately as listed in Table 7-1. 

Pin Number 

1 
2 
3 
4 
5 
6 
7 
8 

TABLE 7-1 

Interconnecting Plug Terminal 
Resistance to Ground 

Resistance Pin Number 

3.9 kn 9 
0 10 
3.9 kn 11 
Infinite 12 
Infinite 13 
Infinite 14 
Infinite 15 
Infinite 16 

Resistance 

0.SM 
1.Skn 
4.7 kn 
0.SM 
Infinite 
Infinite 
700 
Infinite 

CHECK AND ADJUSTMENT PROCEDURE 

Calibration of the Type O Unit requires that the line 
voltage be at the value indicated at the rear of the oscillo
scope, near the power cord. 

Install the Type O Unit in the oscilloscope and turn on 
the power. Let the instrument warm up for a few minutes. 
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Preamplifier 

1. Adjust Front-Panel Controls 

Set the Type O and oscilloscope controls as follows: 

Type O Unit 

Preamplifier controls 

POSITION 

VERTICAL DISPLAY 

VARIABLE 

VOLTS/CM 

Midrange 

+DC 
CALIBRATED 

.OS 

Operational Amplifier controls (both channels) 

+GRID SEL 

Zi SELECTOR 

Z1 SELECTOR 

INTEGRATOR LF REJECT 

(-) 
1 MEG 

1 MEG 

OFF 

Type 5458 Oscilloscope 

Stability Preset 
Triggering Level As is 
Triggering Mode Auto 
Trigger Slope +Int 
Time/Cm 1 mSec 
Variable (Time/CM) Calibrated 
Horizontal Display A 
SX Magnifier Off 
Horizontal Position and Midrange 

Vernier 

Amplitude Calibrator Off 
Intensity ccw 

NOTE 

The Type 545B Oscilloscope utilizing Time Base A 
was used in this Calibration Procedure. If a sub
stitute oscilloscope is used, adapt the control set
tings given in the procedure to the oscilloscope 
being used. 

2. Check Vertical System Electrical Center 

Turn the Intensity control clockwise to produce a visible 
trace. Remove the oscilloscope left side panel. Locate the 
vertical system electrical center by shorting between the two 
test points marked [ 1], Fig. 7-1 or Fig. 7-2, with the 27- ohm 
resistor. Position the trace with the POSITION control for 
no movement of the trace as the test points marked [1] are 
shorted and then unshorted. Record the trace location for 
future reference. 
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PREAMPLIFIER 

CHANNEL B 

Fig. 7-1. Voltage lest point locations for units SN 2950 and up. 

3. Check Preamplifier DC Output Level 
The voltage at the output leads of the plug-in unit (test 

point [l]) must be between 65 and 70 volts above ground. 
The preferred value for the output voltage is +67 volts. If 
an output transistor is shorted, the output voltage will be 
near 72 volts for the lead connected to the shorted transisor. 

4. Adjust DC Balance 
With the trace centered, adjust the DC BAL. control until 

there is no trace movement as the VARIABLE (VOLTS/CM) 
control is rotated. Return the VARIABLE control to the CALI
BRATED position. 

5. Adjust Vertical Position Range 
Set the O Unit POSITION control to midrange. Then ad

just the VERT. POS. RANGE control, R6557, until the trace 
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Calibration-Type 0 

CHANNEL A 

These lest point are identified on the appropriate schematic. 

is at the previously determined electrical center. The VERT. 
POS. RANGE control is illustrated as (5), Fig. 7-3. 

6. Gain Adjust 

a. Set the VERTICAL DISPLAY switch to +DC. 

b. Set the Standard Amplitude Calibrator controls as fol
lows: 

Amplitude 

Mode 

Mixed 

X 100 Amplifier 

Power 

.1 Volt 

Square Wave 

Up 

Not applicable 

On 
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Calibration-Type 0 

,::--: PREAMPLIFIER~ 
2141354 

\7 8 9 10 11 13 121 
'---- CHANNEL B __,, 

(a) Type O Unit from SN 814 to 2949. 

C-::- PREAMPLIFIER -----... 
2 1 4 1 3 4 5 6 1 

? 8 9 10 11 13 121 
'--- CHANNEL B ___,, 

lb) Type O Unit from SN l 01 to 813. 

r::-::-_CHANNEL A~ 
7 8 9 10 11 13 12 

r.::-;:-7 B CHANNEL A ~ 
9 10 11 13 12 

Fig. 7-2. Voltage test point locations for units SN 101 to 2949. These test points are identified on the appropriate schematics. 

7-4 © 



O-Unit 

Provisional Manual Cal Procedure Changes 

For S/N 2950-Up 

Step l~ (Input C and Neutralizing Capacitors): Set up as before (105, 50Q Termination, 
47 pf Standardizer). 

a. Set O-Unit VARIABLE VOLTS/CM to minimum amplitude, increase output from 
105 for 3.5cm display. With VERTICAL DISPLAY switch at EXT+ DC, adjust* 
C6521 for optimum flat top display of l kHz square waves. 

b. Set the VERTICAL DISPLAY switch to EXT - DC and adjust* C654 l for optimum 
flat bottom on display. 

c. Set the VERTICAL DISPLAY switch back to EXT+ DC, turn VARIABLE VOLTS/CM 
to CALIBRATED, and reduce output from 105. Adjust C6574 for optimum flat top. 

d. Switch to EXT - DC and adjust C6564 for optimum flat bottom. 

e. Switch to EXT+ DC, return the VARIABLE control to minimum gain and increase 
l 05 output amplitude. Adjust C6521 if necessary for optimum flat top. 

f. Work back and forth between C652 l and C657 4 as necessary for optimum fl at top 
at both extremes of the VARIABLE VOLTS/CM control, in EXT+ DC. 

g. Repeat steps e. and f. for C6541 and C6564, with the VERTICAL DISPLAY switch 
set to EXT - DC, observing the bottom of the displayed waveform. 

*If adjustments are made in th is step, also perform step 11. 
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Step 12. Adjust HF Peaking. 

For routine recalibration, proceed with Step 13 (Check Preamp I ifier Risetime). 

If peaking is needed, see Step 13A. 

Step 13A. Adjust High Freguency Peaking. 

If the risetime measured inStep 13 is greater than 14nsec (with 107) or the transient response 
has excessive aberrations on the positive side, adjust peaking as fol lows: 

Preset: L6524 and L6544 so the core is just below the winding (on the chassis side). Set 
R6546 and C6546 to mid-range (C6546 is at mid-range when the silvered area is over the 
arrow). Equipment and control settings as in Step 13. 

a. Adjust R6546 and C6546 for optimum flat top (EXT+ DC) and flat bottom (EXT - DC) 
while viewing the waveform at 1 µsec/cm to 5µsec/cm. R6546 will affect primarily 
the first 250 nsec after the leading edge and C6546 the second 250 nsec. (Ignore 
the negative side of the waveform when in EXT+ DC and the positive side when 
in EXT - DC: these aberrations are in the generator). 

b. Inc rease equally the inductance of L6524 and L6544 (by turning the slugs so they 
enter the coil winding area) in small increments, observing the front corner of the 
square wave (top left corner in EXT+ DC, bottom left corner in EXT - DC), 
switching back and forth between EXT+ and -. The coils wil I affect about 1 mm 
at the start of the waveform viewed at O. 2 µsec/cm. Increase inductance for 
shortest risetime without excessive overshoot in either EXT+ DC or EXT - DC. 

c. Check risetime; repeat 13A-a and 13A-b (omit presets) if necessary. 

Geoff Gass/cmh 
Product Technical Information 
7-12-66 
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1c. Apply the 0.1-volt signal from the Standard Amplitude 
Calibrator through a 50-ohm cable to the Type O EXT. INPUT 
connector. 

d. Adjust the GAIN ADJ. front panel control for 2 cm of 
vertical deflection, centered about the graticule centerline. 
Be sure to measure from top to top or bottom to bottom on 
the trace, making certain the trace thickness does not become 
part of the amplitude. 

,e. Remove the standard Amplitude Calibrator signal from 
the O Unit EXT. INPUT connector. 

7. Check Input Tubes Grid Input 

The grid current effect of the input tubes, V6524 and 
V6544, can be checked as follows: 

,a. Ground the EXT. INPUT connector with a short patch 
cord. 

b. Make sure the VOLTS/CM switch is set to .05, and the 
VARIABLE control to CALI BRA TED. 

c. Switch the VERTICAL DISPLAY switch for +DC to 
-DC. The trace shift should be less than 1 mm. If the shift 
is more than 1 mm, replace V6524 and V6544. See the Parts 
List for proper replacements. 

,d. Return the VERTICAL DISPLAY switch to +DC. 

8. Check Input Tubes Microphonics 

,a. Gently tap the O Unit front panel. A light tap on the 
front panel should not produce microphonics of the short 
duration form greater than 2 mm, nor any prolonged ringing 
microphonics. 

b. Disconnect the patch cord. 

9. Check Attenuator Tolerances 

a. Check the setting of the following O Unit controls. 

VERTICAL DISPLAY 

VARIABLE 

VOLTS/CM 

+DC 
CALIBRATED 

.05 

b. Apply the 0.1-volt signal from the Standard Amplitude 
Calibrator to the O Unit EXT. INPUT connector. 

c. Check for proper CRT vertical deflection according 
to Table 7-2. 

© 

NOTE 

Should any position of the VOLTS/CM switch 
( except the .05 position) produce a vertical de
flection more than the allowable tolerance of 
± 3 ¾, it will be necessary to remove and measure 
on a precise bridge the resistors for that particu
lar switch position. Replace one or both resistors 
if necessary and recheck for proper CRT deflection. 

Calibration-Type 0 

TABLE 7-2 

Standard 
VOLTS/CM Amplitude Maximum Error 

Switch Calibrator Vertical For ±3¾ 
Setting Output Deflection Accuracy 

.05 .1 Volt 2 cm Previously 
adjusted in 

Step 6. 
.1 .2 Volt 2cm 0.6mm 
.2 .5 Volt 2.5 cm 0.75 mm 
.5 1 Volt 2cm 0.6mm 
1 2 Volts 2cm 0.6mm 
2 5 Volts 2.5 cm 0.75 mm 
5 10 Volts 2 cm 0.6mm 
10 20 Volts 2cm 0.6 mm 
20 50 Volts 2.5 cm 0.75 mm 

•d. Remove the Standard Amplitude Calibrator signal from 
the O Unit. 

10. Adjust Input Capacitance and Neutralizing 
Capacitors 

Set the front-panel controls of the O Unit and Type 106 
Square Wave Generator as follows: 

Type O Unit 

VARIABLE Minimum amplitude 
(slightly clockwise out 
of detent) 

VOLTS/CM .05 

Type 106 Square Wave Generator 

Repetition Rate Range 

Multiplier 

Symmetry 

Amplitude 

High Amplitude Fast 
Rise Switch 

+ Transition Amplitude 

-Transition Amplitude 

Power 

1 kHz 

Less than 1 

Midrange 

Fully CCW 

Hi Amplitude 

Not applicable 

Not applicable 

On 

At this point in the procedure the remaining front-panel 
controls should be at the following positions. 

Type O Unit 

POSITION 

VERTICAL DISPLAY 

Midrange 

+DC 

Operational Amplifier Controls (both channels) 

+GRID SEL 

Z; SELECTOR 

Z1 SELECTOR 

INTEGRATOR LF REJECT 

(-) 
1 MEG 

1 MEG 

OFF 
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Stability 

Type 545B Oscilloscope 

Preset 

Triggering Level 

Triggering Mode 

Trigger Slope 

Time/Cm 

Variable (Time/Cm) 

Horizontal Display 

5X Magnifier 

Horizontal Position 
and Vernier 

As is 

Auto 

+Int 
1 mSEC 

Calibrated 

A 

Off 

Midrange 

Off Amplitude Calibrator 

Intensity Normal trace brightness 

Apply the 1 kHz signal from the Type 106 high amplitude 
output connector through a 1 OX attenuator, 51 ns coaxial 
cable, 50-ohm in-line termination and a 47-pF Time Constant 
Normalizer to the 0 Unit EXT. INPUT connector. Connect 
all items in the order that was given. 

Set the Type 106 Amplitude control to produce a display 
amplitude of 3.5 cm. 

NOTE 

Maintain 3.5 cm of display amplitude throughout 
the remaining portion of this step. 

Procedure For O Units SN 2950 and UP 

a. Using Table 7-3 as a guide, adjust the variable capa
citors as directed in steps b through g in this procedure for 
units SN 2950 and up. Fig. 7-3A shows the location of the 
capacitors. 

TABLE 7-3 

VERTICAL 
DISPLAY For 
Switch VARIABLE Control Adjust Optimum 

+DC Minimum amplitude C6521 Flat top 
CALIBRATED C6574 

-DC Minimum amplitude C6541 Flat bottom 
CALIBRATED C6564 

b. Adjust C6521 for an optimum flat top appearance of 
the displayed waveform. 

,c. Move the VERTICAL DISPLAY switch to the -DC 
position and adjust C6541 for an optimum flat bottom ap
pearance of the displayed waveform. 

d. Set the VERTICAL DISPLAY switch to the + DC posi
tion, turn the VARIABLE control to CALIBRATED (reduce the 
Type 106 signal amplitude) and adjust C6574 for an optimum 
flat top appearance of the displayed waveform. 

e. Move the VERTICAL DISPLAY switch to -DC and 
adjust C6564 for an optimum flat bottom appearance of the 
displayed waveform. 

7-6 

f. The adjustments of C6541 and C6564 tend to interact; 
turn the VARIABLE control to the minimum amplitude posi
tion, readjust C6541, turn the VARIABLE control to CALI
BRATED, and readjust C6564. Repeat this procedure until 
an optimum flat bottom waveform appearance is obtained 
at the two extremes of the VARIABLE control range. 

g. Move the VERTICAL DISPLAY switch to +DC, turn the 
VARIABLE control to the minimum amplitude position and 
readjust C6521. Turn the VARIABLE control to CALIBRATED 
and readjust C6574. Alternately readjust these two capaci
tors until an optimum flat top waveform appearance is 
obtained at the two extremes of the VARI ABLE control range. 

Procedure For O Units SN 101 to 2949 

Set VARIABLE (VOLTS/CM) control to CALIBRATE. 

a. Adjust C6521 [(l 0-a) Fig. 7-31 B] for an optimum flat-top 
display. 

b. Set the VERTICAL DISPLAY switch to -DC and adjust 
C6541 [(l 0-b), Fig. 7-3B] for an optimum flat-top display. 

c. Set the VERTICAL DISPLAY switch back to +DC and 
set the VARIABLE (VOLTS/CM) control for minimum gain. 
Increase the Type 106 output for 3.5 cm of CRT display. Adjust 
C6574 [(10-c), Fig. 7-3B] for an optimum flat-top display. 

d. Return the VARIABLE control to the CALIBRATED posi
tion and lower the Type 106 output to 3.5 mm of CRT display. 
It may be necessary to readjust C6521. 

e. Work betwen C6521 and C6574 for best square-wave 
flat top at the two extremes of the VARI ABLE control. 

f. Repeat this procedure first with C6541 and then C6564 
[(l 0-f), Fig. 7-3B] with the VERTICAL DISPLAY switch at -DC. 

11 . Adjust Attenuator Compensation 

.a. Temporarily remove the signal from the O Unit EXT. 
INPUT connector. Turn off the oscilloscope. Insert the plug
in extension (item 8) between the O Unit and oscilloscope. 
Reconnect the signal to the EXT. INPUT connector. Turn on 
the oscilloscope and wait about two minutes before pro
ceeding. 

b. Set the oscilloscope Time/Cm switch to .5 mSec. 

.c. Check that the O Unit controls are set as follows: 

VERTICAL DISPLAY 

VARIABLE 

VOLTS/CM 

+DC 
CALIBRATED 

.05 

d. Using Table 7-4 as a guide, set the VOLTS/CM switch 
to the positions given in the table and adjust the indicated 
capacitors. Adjust the "B" capacitors for optimum flat top, 
and the "C" capacitors for optimum square corners. Fig. 
7-4 (11) shows the location of the adjustments. When using 
Table 7·4, remove the l0X attenuator and then the 50-ohm 
termination when necessary to obtain more signal drive. 
(Use GR to BNC adapter when 50-ohm termination is re
moved.) Maintain a display amplitude of about 3.5 cm 
during the adjustment procedure. 

© 
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Calibration-Type 0 

Fig. 7-3. Location of calibration adjustments. Numbers in parenthesis refer to steps in the adjustment procedure. 
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TABLE 7-4 

Adjust for Optimum 

VOLTS/CM Switch Flat top Square Corner 

.1 C6508B C6508C 

.2 C6509B C6509C 

.5 C6510B C6510C 

5 C6513B C6513C 

NOTE 

The waveform on the above adjustments will 
appear slightly spiked when the adjustment is 
properly made. This effect will be due to the 
change in capacitance when the unit is extended 
from the oscilloscope. 

e. Disconnect the Type 106 signal from the O Unit. Turn 
off the oscilloscope, remove the plug-in extension and put 
the O Unit back in the oscilloscope. Turn on the oscilloscope 
and wait for about a two minute warm-up period before 
proceeding. 

12. Adjust High-Frequency Peaking 
Connect the +Output of the Type 106 Square Wave Gen

erator through a 5-ns coaxial cable and a 50-ohm inl line 
termination to the O Unit EXT. INPUT connector. Connect 
all items in the order given. 

Set the front-panel controls as follows: 

Type O Unit 

VOLTS/CM 

Time/Cm 

.05 

Type 545B Oscilloscope 

.5 µ,Sec 

Type 106 Square Wave Generator 

Repetition Rate Range 

Multiplier 

Amplitude 

Hi Amplitude Fast 
Rise switch 

+ Transition Amplitude 

100 kHz 

5 
Fully CCW 

Fast Rise 

As required for 3.5 cm 
of vertical deflection 

At this point in the procedure the remaining controls should 
be at the following positions: 

POSITION 

VERTICAL DISPLAY 

VARIABLE 

Type O Unit 

Midrange 

+DC 
CALIBRATED 

Operational Amplifier Controls (both channels) 

+GRID SEL 

Z; SELECTOR 

Z1 SELECTOR 

(-) 

1 MEG 

1 MEG 

(11) \ ,-- (20)----, 

C6510B C:65138 C6510C C6513C C6509B C6508B C6509C C650BC C5512B C5512C 

C5562F C5562G C5562B C5562C 

'-- ( 20 l --' '---- ( 20 l ---' 

C5512G C5512F 

'--- (201 ___,/ 

Fig. 7-4. Location of calibration adjustments. Numbers in parenthesis refer to steps in adjustment procedure. Applies to O Units SN 101 
and up. 

7-8 © 



Stability 

Type 545B Oscilloscope 

Preset 

Triggering Level 

Triggering Mode 

Trigger Slope 

Variable (Time/Cm) 

Horizontal Display 

5X Magnifier 

Horizontal Position 
and Vernier 

Amplitude Calibrator 

Intensity 

As is 

Auto 

+Int 

Calibrated 

A 
Off 

Midrange 

Off 

Normal trace brightness 

Procedure For O Units SN 2950 and Up 

a. Preset the high-frequency peaking adjustments by 
moving the cores of L6524 and L6544 toward the chassis until 
they are out of the coil winding area and adjust R6546 
and C6546 to mid-range. C6546 is at mid-range when the 
silvered area is aligned with the arrow. Fig. 7-3A shows the 
location of these adjustments. 

b. Adjust R6546 and C6546 for optimum flat-top waveform. 
(R6546 affects the first :250 ns after the leading edge; C6546 
affects the second 250 ns.) 

c. Change the VERTICAL DISPLAY switch to - DC, move 
the bottom of the waveform near the graticule center with 
the POSITION control, and adjust R6546 and C6546 for 
optimum flat-bottom waveform. 

Since adjusting R6546 and C6546 affects both the flat-top 
and flat-bottom waveform it may be necessary to repeat 
this procedure a few times to obtain an equally flat-top 
and flat-bottom waveform. 

d. Set the VERTICAL DISPLAY switch on +DC. Adjust 
L6424 for an optimum square top-front corner of the wave
form. Change the VERTICAL DISPLAY switch to - DC and 
adjust L6544 for an optimum square bottom front corner. 

NOTE 

Alternately adjust L6524 and L6544 in equal 
amounts and approach their final settings in small 
increments. 

Procedure For O Units SN 101 to 2949 

,a. Adjust L6524 and L6564 for optimum square top-front 
corner Fig. 7-3B shows the location of these adjustments. 

b. Move the VERTICAL DISPLAY switch to -DC and 
adjust L6544 and L6574 for optimum square bottom-front 
corner. Fig. 7-3B shows the locations of these adjustments. 

© 

NOTE 

Check for interaction between the + DC and - DC 
adjustments. Repeat this procedure as necessary 
to obtain an optimum square corner waveform 
in the + DC and - DC positions of the VERTICAL 
DISPLAY switch. 

Caiilm:ition- Type 0 

13. Check Preamplifier Risetime 

a. Set the front-panel controls as follows: 

Type O Unit 

POSITION Midrange 

VERTICAL DISPLAY +DC 

Type 545B Oscilloscope 

Triggering Level 

Triggering Mode 

Time/Cm 

As required for stable 
display 

5X Magnifier 

Horizontal Position 

AC LF Reject 

.1 µ,sec 

On 

As required to pos1t1on 
rising part of waveform 
near center of graticule 

Type 106 Square W·ave Generator 

+Transition Amplitude 2 cm of vertical deflection 

b. Measure the rise-time of the waveform from the 10% 
to the 90% points of the rise. Rise-time should be no greater 
than 14 ns (7 mm) and is typically less than 14 ns (assuming 
the CRT geometry is correctly adjusted). 

:c. Disconnect the Type 106 signal from the O Unit. 

14. (Optional) Check Preamplifier Sine-Wave 
Frequency Response 

a. Set the front-panel controls as follows: 

Type 545B Oscilloscope 

Stability 
Triggering Level 

Triggering Mode 

Time/Cm 

SX Magnifier 

Horizontal Position 
and Vernier 

Fully clockwise 
Fully clockwise 

AC 

.1 mSec 

Off 

Midrange 

Type 191 Constant Amplitude Signal Generator 

Frequency Dial Fully Clockwise 

Frequency Range 50 kHz Only 

Amplitude 15 (or as required) 

Variable As required for 3 cm 
display 

Amplitude Range 50 - 500 mV 

Power On 

of 

b. Connect the output of the Type 191 through a 5-ns 
coaxial cable and a SO-ohm in-line termination to the 0 
Unit EXT. INPUT connector. Connect all items in the order 
given. 

.c. Observe the CRT display and adjust the VARIABLE 
control of the Type 191 for exactly 3 cm of vertical display. 
The display should be a solid band, not a stable sine-wave 
presentation of the Type 191 output signal. 
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d. Change the Frequency Range switch of the Type 191 
to the 18 - 42 MHz range. Without changing the output 
amplitude, increase the frequency from the Type 191 until 
the vertical display decreases in amplitude to 2.1 cm. This 
is the point at which the high frequency response is down 
3-dB from the SO-kHz reference signal. 

e. Note the frequency dial setting of the Type 191. It 
should be 25 MHz or higher. 

f. Disconect the Type 191 signal from the O Unit. 

This completes calibration of the preamplifier section. 

A and B OPERATIONAL AMPLIFIERS 

The following calibration procedure is applicable to the 
A and B Operational Amplifiers. The amplifiers are identical 
except for part numbers and location. Either amplifier can 
be selected by rotating the VERTICAL DISPLAY switch to the 
desired OUTPUT position. 

The calibration procedue lists both A and B OUTPUT 
positions for the VERTICAL DISPLAY switch setting; how
ever, only one amplifier at a time can be selected. If you 
start with Amplifier A (VERTICAL DISPLAY switch set to + 
or - OUTPUT) complete the entire procedure before start
ing Amplifier B (VERTICAL DISPLAY switch set to + or -
B OUTPUT). 

15. Adjust Output DC Level 

a. Set the front-panel controls as follows: 

POSITION 

VERTICAL DISPLAY 

VOLTS/CM 

Type O Unit 

Midrange 

+A OUTPUT 
+B OUTPUT 

.5 

At this point in the procedure the remaining controls 
should be at the following settings: 

VARIABLE 

Type O Unit 

CALIBRATED 

Operational Amplifier Controls (both channels) 

+GRID SELECTOR 

Zi SELECTOR 

Z1 SELECTOR 
INTEGRATOR LF REJECT 

(-) 
1 MEG 

1 MEG 

OFF 

Type 545B Oscilloscope 

Stability 

Triggering 

Triggering Mode 

Triggering Slope 

Time/Cm 

Variable (Time/Cm) 

Horizontal Display 

7-10 

Fully Clockwise 

Fully Clockwise 

AC 
+Int 
.1 mSec 

Calibrated 

A 

SX Mag;iifier 

Horizontal Position 
and Vernier 

Amplitude Calibrator 

Intensity 

Off 

Midrange 

Off 

Normal trace brightness 

b. Set the OUTPUT DC LEVEL control (front-panel) to mid
range position. 

c. Push ZERO CHECK button in and hold; move the trace 
to graticule center with the POSITION control then release 
the ZERO CHECK button. Push the OUTPUT DC LEVEL switch 
to ADJ. position and hold; adjust DC LEVEL RANGE control 
R5532 {R5582 Amplifier B); see Fig. 7-3, to position the trace 
near graticule center. Release OUTPUT DC LEVEL switch. 

d. Push ZERO CHECK button in and hold, if necessary 
recenter trace with POSITION control, then release ZERO 
CHECK button. Push the OUTPUT DC LEVEL switch to ADJ. 
position and hold it there while adjusting the OUTPUT DC 
LEVEL control (front-panel) to position the trace at graticule 
center. Release the OUTPUT DC LEVEL switch. Any drift 
that occurs during this adjustment is due to the 100 X gain 
when the OUTPUT DC LEVEL switch is in the ADJ. position. 

16. Adjust Input Vacuum Tubes Grid Current 

a. Set the front-panel controls as follows: 

Type O Unit 

VOLTS/CM 

Operational Amplifier Controls (both channels) 

Zi SELECTOR 

Z1 SELECTOR 

+GRID SEL 

Time/Cm 

EXT. 

EXT. 

(+) 

Type 545B Oscilloscope 

1 Sec 

b. +Grid. Plug the Grid Current Checker (push buttons 
facing up) into the banana jacks on the front of the 0 
Unit. (If the low-leakage capacitor and toggle-switch test 
fixtures are used refer to Fig. 4-3B for their connections.) 

As the spot moves past a vertical graticule line push the 
+Grid current button and hold. (Open the toggle switch 
when using the test set-up as in Fig. 4-3B.) The spot should 
not move vertically more than 2½ cm in 5 cm of horizontal 
travel. Release the +Grid Current button. The amount of 
vertical travel indicates the rate at which current is charging 
the .001-,uF capacitor. The most stable grid current condition 
is when the spot moves upward. 

If the spot moves more than 2½ cm vertically adjust the 
GRID CURRENT control R5535 (R5585 for Amplifier B-see 
Fig. 7-3) to reduce grid current and vertical spot travel. Tvpi
cally the vertical excursion should not exceed 3/4 cm in 5 cm 
of horizontal travel. 

Adjustment of the +Grid current affects the -Grid cur
rent. 



,c. -Grid. If the low-leakage capacitor and toggle-switch 
test fixtures are used, connect as in Fig. 4-3A. 

As the spot moves past a vertical graticule line push the 
-Grid button and hold. (Open the toggle-switch when using 
the test set-up as in Fig. 4-3A.) The spot should not move 
vertically more than 2½ cm in 5 cm of horizontal travel. Re
lease the -Grid Current button. The most stable grid cur
rent condition is when the spot moves downward. 

If the spot moves vertically more than 2½ cm exchange 
the two input tubes (V5524 and V5534). Typically the vertical 
excursion should not exceed 1 ½ cm in 5 cm of horizontal 
travel. (Exchanging the input tubes may bring the grid cur
rent within allowable limits.) If the input tubes were changed 
repeat steps 15 and 16 as interaction occurs between the 
GRID CURRENT and OUTPUT DC LEVEL controls when the 
input tubes are interchanged or replaced. 

NOTE 

In the Grid Current adjustments just described, 
two limits of vertical spot excursion were stated 
for each grid, a maximum limit and a typical limit. 
The typical limit corresponds to a practical grid 
current value of 0.15 nanoamperes for the + Grid, 
and 0.3 nanoamperes for the -Grid. (The pro
cedure for calculating grid current is on page 4-2, 
Grid Current Calculations.) 

d. Remove the Grid Current Checker from the O Unit. 

17. Adjust Open Loop Gain 

a. Set the front-panel controls as follows: 

©I 

+GRID SEL 

Type O Unit 

(-) 

Type 545B Oscilloscope 

Stability Preset 

Triggering Level Midrange 

Triggering Mode Auto 

Time/Cm .5 mSec 

Calibration-Type 0 

Shorting Strap 
c,n Dual Bam:ma 

Plug Adapter 

Fig. 7-5. Initial lest setup for step 17. 

Standard Amplitude Calibrator 

Amplitude 
Mode 
Mixed 
X 100 Amplifier 
Power 

1 mVolt 
Square Wave 
Up 
Not Applicable 
ON 

b. Install a shorted double banana plug adapter between 
the INPUT and -GRID banana jacks (see Fig. 7-5) and apply 
a 1 mVolt signal from the Standard Amplitude Calibrator to 
the appropriate O Unit INPUT connector. Set Zt on the un
used amplifier to 1 MEG; otherwise stray signals may deflect 
the display offscreen. Position the display to graticule center 
with the POSITION control. If necessary, readjust OUTPUT 
DC LEVEL control (front-panel) to move the display onto the 
graticule. 

c. Adjust the OPEN LOOP GAIN control R5548 (R5598 for 
Amplifier B-see Fig. 7-3) for 2½ cm of vertical display. 

d. Remove the shorted double banana plug adapter and 
the Standard Amplitude Calibrator signal. 
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BNC to Banana 
l µF Capacitor Patch Cord 

. !al !bl 

1 µF Capacitor 

Grounding 
Strap 

BNC to Banana 
Patch Cord 

10k 1% 
Resistor 

Fig. 7-6. Initial test setup for step 18. 

18. Check Output Voltage and Current 

a. Set the front-panel controls as follows: 

VOLTS/CM 

Type O Unit 

20 

Operational Amplifier Controls (both channels) 

Z; SELECTOR 
Z1 SELECTOR 

1 MEG 

1 MEG 

Type 106 Square Wave Generator 

Repetition Rate Range 
Multiplier 

Symmetry 
Amplitude 

Hi Amplitude Fast 

1 kHz 

Less than 1 
Midrange 

ccw 

Rise switch Hi Amplitude 

b. Connect the signal from the Type 106 through the 
externally mounted 1 ,uF coupling capacitor (See Fig. 7-6A). 
Adjust the Type 106 Hi Amplitude control for 5 cm of verti
cal display (100 volts). 

c. Install the 10-kn, 1 % resistor between the OUTPUT 
banana jack and GND (See Fig. 7-6B). Display should remain 
5 cm in amplitude. 

d. Turn Amplit.ude control fully CCW; disconnect the Type 
106 signal and test fixtures. 

19. Check Z; and Z1 Components 

This step checks the tolerances of the resistors and capaci
tors in the Z; and Z1 circuits. 
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a. Set the front-panel controls as follows: 

Type O Unit 

VOLTS/CM 

Operational Amplifier Controls (both channels) 

Z; SELECTOR 

Z1 SELECTOR 

.1 MEG 

.1 MEG 

Type 106 Square Wave Generator 

Repetition Rate Range 

Multiplier 

Amplitude 

100 Hz 

4.5 

As required for 4 cm 
display 

At this point in the procedure the remaining controls 
should be at the following settings: 

Type O Unit 

Preamplifier Controls 

POSITION 

VERTICAL DISPLAY 

VARIABLE 

Midrange 

+A 
+B 
CALIBRATED 

Operational Amplifier Controls (both channels) 

+GRID SEL 

INTEGRATOR LF REJECT 

(-) 

OFF 

© 



Type 545B Oscilloscope 

Stability 

Triggering Level 

Triggering Mode 

Trigger Slope 

Time/Cm 

Variable (Time/Cm) 

Horizontal Display 

5X Magnifier 

Horizontal Position 
and Vernier 

Amplitude Calibrator 

ln1ensity 

Preset 

Midrange 

Auto 

+Int 

.5 mSec 

Calibrated 

A 

Off 

Midrange 

Off 

Normal trace brightness 

Type 106 Square Wave Generator 

Hi Amplitude Fast 
Rise switch 

Symmetry 

+ Transition Amplitude 

-Transition Amplitude 

Power 

Hi Amplitude 

Midrange 

ccw 
ccw 
On 

b. Connect the Output of the Type 106 through a 5 ns 
coaxial cable and a 50-ohm in-line termination to the ap
propriate INPUT connector on the Type O Unit. Adjust the 
Type 106 Output Amplitude control for a vertical display of 
4cm. 

1c. Use Table 7-5 as a guide and check for correct verti
cal deflection. 

Z; 

.01 MEG 
.1 MEG 
.2MEG 
.5MEG 
1 MEG 
1 MEG 
1 MEG 
1 MEG 
.2MEG 

.01 MEG 
.1 MEG 
.2MEG 
.5MEG 

© 

TABLE 7-5 

.01 MEG 
.1 MEG 
.2MEG 
.5MEG 
1 MEG 

.5MEG 

.2MEG 

.1 MEG 
.01 MEG 
.1 MEG 
1 MEG 
1 MEG 
1 MEG 

VOLTS/CM 
Switch 

1 
1 
1 
1 
1 

.5 

.2 

.1 
.05 
10 
10 
5 
2 

Deflection 

4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 
4cm 

Calibration-Type 0 

d. Set the Type O Unit front panel controls as follows: 

Z; SELECTOR .1 µ,F 

Z1 SELECTOR .1 µ,F 

VOLTS/CM 1 

INTEGRATOR LF REJECT 1 CPS 

Without changing the Type 106 Amplitude control the 
vertical display should be 4 cm. 

e. Use Table 7-6 as a guide and check for correct vertical 
deflection. 

TABLE 7-6 

Z; Z1 VOLTS/CM Deflection 
Switch 

1 µ,F 1 µ,F 1 4cm 
1 µ,F .1 µ,F 1 4cm 

.01 µ,F .01 µ,F 1 4cm 
.001 µ,F .001 µ,F 1 4cm 
.01 µ,F .001 µ,F 10 4cm 
.1 µ,F .01 µ,F 10 4cm 
1 µ,F .1 µ,F 10 4cm 

.001 µ,F .01 µ,F .1 4cm 
.01 µ,F .1 µ,F .1 4cm 
.1 µ,F 1 µ,F .1 4cm 

f. Remove the Type 106 signal from the Type O Unit. 

20. Adjust Variable .001-µF and 10-pF 
Z; and Z1 Capacitors 

Turn the oscilloscope off and install the plug-in extension 
between the Type O Unit and the oscilloscope. Turn the oscil
loscope on and wait for about two minutes warm-up period. 
Adjust the OUTPUT DC LEVEL before proceeding. (Refer to 
step l 5d.) 

.a. Set the front-panel controls as follows: 

Type O Unit 

VOLTS/CM 

Operational Amplifier Controls (both channels) 

Z; SELECTOR 

Z1 SELECTOR 

.01 µ,F 

.001 µ,F 

Type 545B Oscilloscope 

Triggering Level 

Triggering Mode 

Trigger Slope 

Time/Cm 

As required for stable 
display 

AC 

+Int 
20 µ,SEC 

7-13 



Calibration-Type 0 

Type 106 Square Wave Generator 

Repetition Rate Range 

Multiplier 

10 kHz 

Less than 1 

Amplitude As required for 4 cm of 
vertical display 

b. Connect the Output of the Type 106 through a 10 X 
attenuator, a 5-ns coaxial cable, and a SO-ohm in-line 
termination to the appropriate INPUT connector on the 0 
Unit. Adjust the Amplitude control of the Type 106 for 4 cm 
of vertical display. 

c. Using Table 7-7 as a guide, set the Z; - Zt switches as 
indicated and adjust the appropriate variable capacitor for 
4 cm of vertical display. Where indicated, remove or re
place test equipment fixtures and readjust the Type 106 
Amplitude control for 4 cm of vertical display. (See Fig. 7-4 
for location of these adjustments.) 

NOTE 

Capacitors shown in parenthesis are adjustments 
for the B Operation Amplifier. 

TABLE 7-7 

Z; Z1 Adjust Deflection 

.001 ,uF .0001 ,uF 
C5512F 

(C5562F) 
.001 ,uP .01 ,uF Type 106 

.0001 ,uF .001 ,uF C5512B 
(C5562B) 

10 pF .0001 ,uF C5512C 
(C5562C) 

.01 ,uF2 .001 ,uF Type 106 

.001 ,uF 10 pF C5512G 
(C5562G) 

1Remove 50-ohm termination and 1 OX attenuator. 
'Reinstall the 50-ohm termination and 1 OX attenuator. 

4cm 

4cm 

4 cnf 

4cm 

4cm 

4cm 

d. Disconnect the Type 106 signal from the O Unit. Turn 
the oscilloscope off, remove the plug-in extension and replace 
the O Unit in the oscilloscope. Turn the oscilloscope on, wait 
for about a two minute warm-up period, then adjust the 
OUTPUT DC LEVEL (refer to step 1 Sd) before proceeding to 
the next step. 

21. (Optional) Check Gain-Bandwidth Product 

a. Set the froni-panel controls as follows: 

Type O Unit 

VERTICAL DISPLAY +DC 

VOLTS/CM .5 

7-14 

Operational Amplifier Controls (both chanenls) 

Z; SELECTOR 

Z1 SELECTOR 

INTEGRATOR LF REJECT 

1 ,uF 

10 pF 

1 KC 

Type 545B Oscilloscope 

Stability 

Triggering Level 

Time/Cm 

Fully Clockwise 

Fully Clockwise 

1 mSec 

Type 191 Constant Amplitude Signal Generator 

Frequency dial 

Frequency Range 

Amplitude 

Variable 

Amplitude Range 

Power 

Fully clockwise 

50 kHz Only 

10 

Cal 

.5-5 V 

On 

b. Connect the Output of the Type 191 through a 5 ns 
coaxial cable and a SO-ohm in-line termination to the O Unit 
EXT. INPUT connector. If necessary, adjust the Type 191 Cal 
and Amplitude settings to produce 2 cm of vertical deflec
tion. 

,c. Change the Frequency Range switch of the Type 191 
to 8-18 MHz. 

CAUTION 

Do not change amplitude settings of the Type 191. 

d. Move the SO-ohm termination and coaxial cable from 
the EXT. INPUT connector to the A (or BJ INPUT connector. 
Change the O Unit VERTICAL DISPLAY switch to +A (or 
+B) OUTPUT position. 

e. Increase the output frequency of the Type 191 until 
the vertical deflection is at 2 cm. The output frequency of 
the Type 191 should be 15 MHz or greater. 

NOTE 

If there is an unstable ripple on the top and bot
tom of the display, measure between the average 
values of the ripple. 

f. Disconnect the Type 191 signal from the O Unit. To 
calibrate the other Operational Amplifier repeat steps 15 
through 21. 

©I 



TYPE 0 

Section 7 

Page 7-8, Step 19. 

Second Paragraph: 

MAINTENANCE NOTES 
TEXT ADDENDUM 

Calibration Procedure 

CHANGE 'INTEGRATOR LF RF,JECT 

'INTEGRATOR LF RF,JECT 

1 CPS' to read; 

OFF'. 

Step 19b. 

CHANGE to read; 

b. Without changing the Type 105 output, set Zito .1 µf, Zf to .1 µf, 

and the INTEGRATOR LF REJECT switch to 1 CPS. With the VOLTS/CM switch set 

at 1 there should be 4 cm of crt display. 

Page 7-9, Step 20. 

Third Paragraph: 

CHANGE 'INTEGRATOR LF REJECT 

'INTEGRATOR LF REJECT 

1 cps' to read; 

1 CPS'. 

TEK O RB 

This insert is placed in its appropriate 
position in your Product Reference Book 
and printed on co Zared paper to expedite 
retrieval. In a standard manual~ it 
wi U be filed at the back of the manual. 
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OBTAINED UN DER FOLLO WJN~ CONDITI O NS ! 

VERTICAL POSIT ION •• • ,,, , T RACE CENTERED 
SIGNA L .. • , •••••••• ••• • NONE 
SE L ECTOR : 
2;, • • . . , . .•• • •• • .• . ,., . I MEG 

R558o 
IK 

z, . . ...... . , ., . .. . . . . . , I MC:G 
! GRID SEL . ,.,., . , . . • •. . (-) 

+IOOV 

MRH 

5«>6 

CHANNEL B 
OPERATIONAL AMPLIFIER 

EFF. 5/N 614 UP 

c-:, 
::c 
::c,, 
:z 
:z 
rn ,-
0::, 



' 7 

~~ TO I 
5W55 l 51 

,- --- ~---- -, r - - ---@--- - _T _ __ _ _ _ -- --, 
I I I I I 

4R .3F 2R IF" IR 
I I I 
I I I 
I I I 
I TO I I I 
I 5WSS 20 1 : I 
I I I 

I 
FRO M I EXT. 

I I 
EXT. I TO 1 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

INPU T ---o---+G 
CONNECTOR 

R 
MEG. 

C 
µf 

R5509A 
IM 

~ 'V\A 0 

R5509B 
C550 9A 

SOOK * 
.5 ~ 'V\A 0 

C55098 
R5509C 

* 200K 
,2 ~ 'V\A 0 

C5509C ,--
R5509D 

* IOOK 
, I ~ 'V\A 0 

C5509D 
R5509E 

* IOK 
.0 1 

f--o 
C55l0A 

l µf 

• I f--o 
C5510B 

0.1 

. 01 f--o 
C5510C 

.01 

.00 1 f--o 
C55l2A C55l0D 

82 .0 01 

.000 1 L:11 ,,Jr''' 'o 
C5Sl2E, 

5-25 

IOpJ o ;;j~ 0 

C5512C 
3 -12 

* CAPACITORS MARKED W ITl-l 
A5TER15K ARE SELECTED FOR 
OPTIMUM PERFOR MAN CE Wl-lEN 
Zl =Zf (RE.5i'i>TIVE). NOMINAL 
VA LUE.5 ARE FROM OTO I pf . 

0-.-0-- OUTPUT 

R!iSIIA 
IM 

R55IIB 
SOOK 

.5 

RSS09G 
240K R55l1C 

200K 
.2 

R5509f C5511C 
SIOK R5511D * IOO K 

, I 

C55 l 1D 
R551 IE * I OK 

~ 
.0 1 

CS511E 
10 

0----j 
C5510E 

l.,uf 

o------) . I 
C5510F 

0 . 1 

o------) . 01 
C5510C. 

. 01 

o------) .00 1 

C 551014 CS51 c.E 
.00 1 82 

j_ )~ 
;-Jbiss12F 

.0 001 

5-25 

u ;,ll~ 0 IOPf 
C55l2G 

3-12 

CONNECTOR 

0 

0 

R 
MEG. 

0 

0 

0 

C 
µf 

TO 
R551"c> 

I 
L 

DETAILS OF Z i - Zf SELECTOR SWITCH 

TYPE O PLUG-IN UNIT 

+ 

I 
I 

I 

_ J 

,- ------ -----7 
I !<.5514 I ,a. 
I IM I l<.C 
I 
I 
I 

CSSl5 :/1 
,00?.?.'1 _ 

I -

: EXT. : 

I NTEGl"-ATOl"
LF f2.EJECT 

5W5515 

EXT , 

0 f2. 

C 

f2.5513 
100}<. 

IN PUT AMPLI Fl ER. 

, ----------
1 

I 
I 
I 
I 
I 
I 
I 

EXT.c-1 I 
i;,.O I 

I 
I 

C :~ 
1-,00F"F j_ 

fl.5513 I I 1'-C. I C.5514 
I NTE.Gfil.ATOfl- [ -

LF l'-E.JE.CT - - ~IC. 551-5 
SW!,51!> 

S/N 101 -318 

BOOTS TR.AP CF 
OUTPUT CF 

7 

I 
I 
I 
I 
I 
I 
I 
I 

_J 

U...--<:>------ --- ---------------------- ~ - ---- --~ 

5W55 10 Al;.B R ~ 

I suEcTof"-1 

C o---)f--o 

r - -§- - 7 
I I 

4 R 3F" 

I INl~'\JT I : : 
co; : EXT. : 

ADv. 

"t"3SO V 

R5523 
33K 

R5524 
IK 

R5525 
45K 

5 

CTD 
+200 ± tov 

C5528 
0 . 1 

[9] 
+ 98!. sv 

[iq] 

V552-+ 
l2AU6 Ds;:~ 

-1 .6 

[a]-

D552 8 
95V 

2.Sma 

+100! 5 V 

R554 1 
4-, 

C5529 
.01 

+225V 
(DEC.) 

R5543 
220 

I :=o~S43 

C554 4 
.001 

+ 

:r,-...... --0- ...... -0 0-4-'---o-.....------ -t------ --o... 

R D---'\A/v---0 

co------)f--o 
R55l8 

I M R5519 
R5529 

8 louf Putl 47K 

1~------~7 
I INPUT -G R ID OUTPU T I 
I \V/--1-~ 

I p~:~T ±G RI D GND I 
1@ ~I 
I ..,. I 
L __ _ 

PATCH PANEL _/ 
FOR CONI-JECTING 
EXTERl--lAL CIRCUITRY 
TO AMPLIFIER 

_ _ _J 

(-)N ORMAL 

(+) 

IOK [~ 

R5550 
47 

+82 TO +l.'27 
+100 [2] 

R5534 -I SOV 
12K (DEC ,) 

\225V DC LEVEL 
RAI-JGE A 

R5548 
SOOK 

~ 

(OPEN 
GA IN 

I "" -ISOV 
\+ IOO V ~DEC.) 
12-5535 

5 I<. GRID CURROIT 

+ B2TO 
+100 ..., 

A 

V55<1-38 
1/26DJ8 

R5547 
1501<. 

LO OP 

[?] 

~ ov 

-=-
1'2.. 8 ma 

TO 5W<o500-2 P
(OUTPUT AMP.) 

R554<o 
12K 

-IS OV 
(DEC.) 

I 

5W55 17 : 

I ±GRID~-- - --~ 
+1oov 1--0------, AA~t:==1:: VOLT AGES ( CURRENTS w rnE 

5EL . I 

I 
' ~~~•tli 

I 
R5517 I 
IOOK I 

I 
I 

eiwss:20 ---' 
SPRING RETURf..J 

6 

C5533 .Oil 

TO POSIT! ON 51-lOWt-J. 
HOLD ADJ . POSITION 

5 

R5533 
IK 

OBTAINED UNDER FOLLO W ING CONDITIOhlS : 

VERT ICA L POSITI ON .• . • • • •• T RACE CENTERED 
SIGNAL. , •••. . • , •• • •• . , . • N ONE 
SELECTOR : 
,!_; • • •• • • • • • • • • •• • • , • •• • • I M EG 
r., .... . .. . . . . . . . ... . , . .. I MEG 
! G RID SEL • •••• • •• • • •• • •• C-> 

SEE. PARTS LIST FOR E.ARLIE.R 
VALUE.S ANO SE.RIAL NUMBE.R 
RANGES OF PARTS MARKED 
WITH BLUE OUTLINE . 

WI-I ILE SETTING 
OUTPUT DC LEVEL. +iOO V 

B, 

MRI-+ 
364 

Cl--1ANNEL A 
OPERAT I ONAL AMP LIFIER 

EFF. S/N 101-813 

c, 
:c 
);,,, 
z 
z 
rr, ,. 

1 



i 7 
5W!:>!:>IOA(;B 

: ~~ TO I 
5W55l5 1 

I i----~----7 :-- ---@}--- -T---------7 
4R 3F 2R IF" IR 

I 
I 
I 

I l ] : 

I : : : I 
I l TO I I 

I 1 I SW5520 1 1 I LLLI I 
I EXT. I I EXT. I TO 

I ;N~~~ ~ 1 1 04---0--+- OUTPUT 
CONNECTOR CONNECTOR 

I 

I 

I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R 
MEG. 

C 
,<.if 

R5509A 
IM 

~ 
C5509A 

R5509B * SOOK 
.5 ~ 

R5509C 
C5509B 

* 2.00K 
.2 ~ 

C5509C 
R5509D 

* IOOK 
• I ~ 

R5509E 
C5509D 

IOK * .01 

f----o 
C.SSIOA 

lµf 

• I f----o 
C55JOB 

0.1 

.01 f----o 
C55l0C 

.0 1 

.00 1 f----o 
C55l2.A CSSIOD 

82 .00 1 

.000 1 r 1 o-lr"' \, 
C55l2.E:I 

5-25 

IO Pl 0>----;,1,ttV~--0 
C5512.C 

.3 - 12 

.,,---

lt- CAPACITOR5 MARKED WIT\.l 
A5TER15K ARE SELECTED FOR 
OPTIMUM PERFORMANCE W\.IEN 
Z:l=Zf (RE'=>ISTJVE.) . NOMINAL 
VALUES ARE FROM OTO I pf. 

R5511A 
IM 

RSSIIB 
SOOK 

.5 

R5509G 
240K R551IC 

200K 
.2 

R5509F C551IC 
SIOK R5511D * JOCK 

, I 

R551 IE 
IOK 

C551ID 

* 
~ 

C5511E 
10 

0-----jt--~-r-v 
C5510E 

1,Uf 

0-----j 
C5510F 

0.1 

o--J 
C5510C, 

.01 

o--J 
C55l0H C55l1!E 

.001 82 

j ,, Jr::\ 
;;JI C55l2F 

5-25 

.01 

.I 

.01 

.001 

,0001 

O>---;;J-;,jf"l-'- --0 IO Pf 
C55l2.G 

"-12. 

DETAILS OF Z i - Zf SELECTOR SWITCH 

R 
MEG. 

C 
.,u.f 

0 

0 

0 

0 

0 

TO 
R551=> 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 

L _J 

TYPE O PLUG-IN UNIT 

+ 

BOOTSTRAP CF 
'INPUT AMPLIFIER OUTPUT CF .,/-

r---- - - ---- ------- - ----------1 
I R-5514 Ir,. 

: .--"'VI VMv----0-1_1'-~C~--- ---v-.-v EXT, 

SW $'5,IOA e:e 
5E.!,..E.CTOf!. 

,--@--7 
I I 

4R 31'" 
I I 
I I 

I 
I 
I 
I 
I 

I 

,,,---- I 

,-=@-, 
I I 

2.R IF 
I 

I 

: EX1' . 

C o--j f----o 

~-<;>--!"'Cl OFF 

CSSIS ( 
.00'2'2 I 

1~ 

r,.ss1~/ 1 

1001'- : 

/ 1'CC:i4 
I I.}'-/ 

SW5515 

i<-5524 
11'-

,,.ss2s 
40,'LK. 

5 

or,. 

C. 

l?-5512' 
1001< 

00 
+ 11 5 ~ B.GN 

cs53e, 
.02. -

Q55Z3 
/5/-096 

C.:JS.28 
0.1 

+e,e, 
[s 

V5529 
ZZ/000 

+350V 

+225V 
(DEC .) 

C5544 
.001 

: E:X1'. I 

(o;,........--~ 04-C-<:>-+-- -- -i----~ "0-' 0 •--,,.,,..,....-r---.;-= :r ADu. : 

R 0-'\Nv---0 R 5 51 6 I 

IM R55 l9: C o--)f----o 

,-:;:------:;;-7 
I INPUT -GRID OUTPUT I 
I ,vr---

1 Pb:~T ±GRID GND 

1@ 
I r 
L _____ ___ _J 

PATCH PANEL._/ 
FOR CONNECTlfJG 
EXTER'-IAL. CIRCUITRY 
TO AMPL.IFIE.R (-)NORMAL 

IOK I 

I 

: R5521 
I 45K 

I 
I RSS32 
I JOKI 
I 
I R5522 \ 

~SOK 

: 0 
I 7 
I 
I 
I 

: R553I 
I 45K 
I 
I 
I 

I I 

I o--~-------- --J 5WS5l7 I (+) 

~-----~ 
I 
I 

+1oov 1 

ADJ l' 
B5517 • i 
NE-2 7 I 

I 
I C5533 

5 

-ISOV 
(DEC.) 

R5548 
SOOK 

8 
V55~38 ~] 0) 

1/2 6DJ8 - -+-~ o~v:-- ..... --:I 

LOOP 

TO SW<&S00-2.F 
(OU TPUT AMP.) 

R5540 
12 K 

-ISOV 
(DEC.) 

VOLTAGES~ CURRENT S WERE 
OBTA INED U N DER FOL L OWIN~ CO NDITIO NS : 

R55l7 I 
IOO K I 

I 
I 

5W552O ---' 

.OJI VERTICAL POSITION ••• •• • • TR AC E CENTERED 
S IGNA L • •• • •.••••• , • • •• NO N E 
SELECTO R! 

S E.E. PART S LIS. T FOR. E.AR LI E.R 
VALUES AND S/N RANC.E.5 OF 
PARTS OUTLIN E.D IN B LUE.. 

SPRING RETURN 
TO P05JTI0'-1 S'10WN. 
HOLD ADJ. POSITION 
W'1 1LE SETTING 
OUTPUT DC L.E.VEL. 

2; • • •••• • •• •. •. •• ••• • •• I MEG 
R553=, 
IK 

z, . .. ..... .. ... .. .. . .. , I M EG 
! GRID SEL ••..•••••••••• (-) 

+IOOV 

MRI+ 

CHANNEL A 
OPERATIONAL Atv1PL\F\ER 

EFF. 5/N 814 I;- UP 

- ,- -



' I 
I 
I 
I 

7 
SWSMOAIB I 

/ ISELECTOf!.I ~ TO 

/ ~ SW5S65 

r---~----1 r----~----T---------7 
I I I I I 

4R 3F 2R IF IR 
1 I I I I 
I I I I I 
1 I I I I 
I I TO I I I 
I I SW5570 I I I I 

I 
I 

I LLL' I I 
FROM : EXT. · : : E:XT. : TO : 
INPUT ~ ~ OUTPUT 
COIJNl!:CTOR CONNECTOR 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

+ 

R 
ME(;. 

C 
P.f 

R5559A 
IM 

~ ) 
R5559B 

C5559A 

SOOK * .s q_ \IV\, 0 

R5559C 
C5559!1 

* .200K 
.2 q_ \IV\, 0 

C5559C 
R5559D 

* IOOK 
.I q_ \IV\, 0 

C55590 
R5559E 

* IOK 
.01 

f--0 
C55GOA 

lµf 

. I 

.01 
C55<oOC 

.01 

.001 f-o 
C5562A C5560D 

82 . 001 

. 0001 Cl ~ 
C556ze,Ar' 

5-25 

10pf 0 ;:;J~ 0 
C5562.C 

::,-12 

* CAPAC.ITOR5 MARKED WITH 
A511!cR15K ARE SELECTED FOR 
OPTIMUM PE.RFORMAl-lCE. WHl'.\.l 
Zt=Zf(REl>15TIVE). NOMll-lAL 
VALUES ARI'. FROM OTO I f'f . 

R55<o IA 
IM 

RS5<olB 
SOOK 

. 5 

R5561C 
200K 

:e 
C5561C 

* 
.I 

R5559F 
SIOK R55<oli.. 

IOK 

~ 
.0 1 

CSS<oll!: 
10 

e--j 
C5560E 

1;.,tf 

e--j .• I 
C55<oOF 

0.1 

o--j .01 
C5560G 

.01 

o--j . 001 
C55<oOH cses62E 

.00 1 82 

J'. )~ 
AfcssE.2,F .0001 

5-25 

0 ;;1~ o !Op/ 
C551o2G 

::,-12. 

DETAILS OF Z i - Z f SELECTOR S'w'ITC H 

TYPE O PLUCi-lN UNIT 

0 

0 

R 
ME.C,. 

0 

0 

0 

C 
µf 

TO 
R55<o3 

I 
I 
I 
I 

I 
I 

I 
I 
I 

I 

I 
I 

_J 

SWSSIOA~l>J 
ISE.LE.CTOf!. I 

EXT. 

,-------- ---7 
I I\S~0.4 I KC. 11'-

I 

I 
I /o-, I C.PS 

c.sso.s)~ "'~...Lic.sso,4 
.00'2'2.: ~ / l_µ..j 

I I -: 

----,--r .._.~ ~~s~~ 
I 1001<. 

SWS$~0B 

~I 

r--@--, 
I I 

2R IF 
I I 

: EXT. 

R ~ 

C o---)1-o 

' \ 
INTE.C.l'-ATO{'. 

LF" ~E.JE.C.T 
SW SSO,& 

0 I"-

C. 

i<-S&G.3 
100}(. 

INPUT AMPLIFIER. 
BOOTSTRAP CF 

OUTPUT CF 

, - -------- - -- - , 
I f'..S S<,+ f!.SS G,S I lexT.0 I f!. O I 

I : I C. I IC.PS 

I~ 
I f!.SS G,3 I C.SS G,4 

I I NTEG{'. ATOf!. - Jj_' i<-C. -=-
LS i<.E.JE.C.T I C.!",!",G,S 

I ~W SS<.S -

+oSOV 

R5573 
33K 

R557<1 
IK 

R5!575 
45K 

S/ N 101-31 8 

[] 
+ 2 0 0 ~ 10 V 

C5578 
0 . 1 

[g 

+98 t5V 

V5574 
5 l2AU6 o5ttJ 

I 
I 
I 
I 
I 
I 
I 

_J 

+225V 
(DEc.) 

css,4 
.001 

+ 

C o---)f--0 
R55<o8 

IM 8 lou~PurJ 

r~------~1 
I INPVT -GRID OUTPUT I 

In>-- '----' 

I 
±GRID GNP I ~: 

I-- ------ _J 

PATCH PANE:L_,.} 
FOR CONNECT IN G 
E:XTERNAL CIRCUITRY 
TO AMPLIFIER 

(-) NORMAL 

I RS582 
I IO K 

:R5572 
~ i 50K 

~ Q 
I 
I 
I 
I 
I 
I R5581 
I 47K 
I 
I 
I 
I 
I 

SW5567 

I±~:~~~-----
~(+~) _ _.. __ +_I_O_O_V ____ -CL I 

R5580 
47 

~~,-t"l 

SEE PARTS Ll!.T FOR EARLIER 
VALUES AND SERIAL NUMBE.R 
RANGES OF PARTS MARKED 
WITH BLUE OUTLINE , 

R.5.567 I 
IOOK I 

SW5570 

I 
I 

__ _J 

SPRING RETURN 
TO POSITION 5HOWN . 
HOLD ADJ. P051Ti01-J 
WHILE SETTING 
OUTPVT DC LEVEL. 

V55938 
-!!SOY 1/.i'6DJ8 
(OEC.) 

R5597 
150K 

[7] 

~ O V 

-=-

12. B m a 

TO 5W6500 -21: 
(OUTPUT AMP. ) 

LOOP R55% 
IZK 

-ISOV 
(OEC.) 

VOLTAGES ( CURRENTS W ERE 
OBT A INED UN DER FOLL OW ING CO NDITI O NS! 

VERTICAL POSITION ••• ••• • TR ACE CENTERED 
SIGN A L •• • • • ••• •• •• • ••• NONE 
SELECTOR ! 
Z ; • •• • •• • • . • •• ••• • • • • • • I M E<, 
Z,, • •• • •• • · • • •, • • •,,, •• I M EG 
! GRID SEL •• • • • •• •• , ••• • (-) 

R5583 
IK 

+IOOV 

MR14 
064 

CHANNEL B 
OPERATIONAL AMPLIFIER 

E.FF. 511-J I 01- 81 :!> 
CIJ 



SW6SOO 

1 - --T-- - __ T _______ - -- --1 VERTlC.lsL D1SPL1'Y f------- --- -~ -T-- --7 

I I I I I 
'2.F '2.R IF 3F 4R 

I I I SW&S0'2. I I 
I I I ~ - --j ZERO C.HEC.K I I I I I I ,~~~~~ I I 
I I I I I I 
I I I I swe,,;10 I I 

: i : : r-----T----T-1voLTS/c.Mh : : 

I I I I 2 1R 3 1F I I 
I I C.6501 I J 1 1 I I 

I EXT INP\JT I 

INPUT AMPLIFIE.R 

V65.24 
/.2AU6 

I I o.1 I I I I I I 
I I I I I I ~---'---------4---"Nv--++ 

~---~ I I I I CbSlS I 
" +17..7.. 

[~ -=-

FROM ;;C 
OUTPUT OF 
CHANNE L A 
OPf..RA.TIO~,&.L 
AMPL IFIER 

FROM 
OUTPUT OF 
C.Hl'.NIJE.L B 
OPERlsT IOIJAL 
AMPLIFIER 

XI 

C.bSO""J 
'2.70 

I I I I .o 1 I 
I R6S0'2. I I RE.SI& I I 
l:c,'2.'2. XIOO I '2.? I X4 I 

+ _._!c l 
- j 10 

+l s EJXT 

DC 

-J 
+l 

A 

-J 
'-----+--0 + 7 

B 

-J 

X'2. 

RbS08E 
IM 

-=-

Gb50BD 
4.7 

I 
-'
·T· 

I __ J 

X \0 

C-65\0B 
4.S-'2.5 

R.05\0C.. 
':!001(. 

R6510E.. 
111 K. 

A TTE.NU ATOR DE.T"-ILS 

C.bSO~B 
4.S-"'2..5 

X4 

-=-
Rb509E 

3301(. 

X IOO 

__ .J 

-=-

SE.e.. PA..RTS LIST FOR 
SE.MICONDUC.TOR TYPES 

SEE PARTS LIST FOR EARLIER 
VALUES AND SERIAL NUMBER 
RANGES OF PARTS MARKED 
WITH BLUE OUTLINE. 

TYPE. 0 PLUC:-.-IN UNIT 

+ 

I
C.6541 
13-12 1 

C.bSl9 
.01 

R6S'30 
710 

VAR11'BLE. 
VOLTS/CM) 

RbS'2.I 
4"7 

+1.S 

R6531 
IS K 

RbS:.3 
SI<. 

RE:.s:a2. 
1sK -1sov 

Ca,AIN ADJ 
7 

" 
-=- s V6544 

t:2AU6 

VOL TAG ES were obtained under 
following conditions: 

vertical position .. . trace centered 
slg nal . . . . .. .. . . . none 

VbS44 VbS'2.4 VSS"l.4 

3 4 3 4 4 3 

-=-

G6Sf4 
o.--,-3 

+'2.'l.5V 

C&Sb4 
0.7-3 

V5534 \/5584 

3 4 4 3 

RbS50 
1001( 

+ 
OUTPUT AMPLIFIE.R 

C.bS'2.S @JI 

+,sv 

I U,5"1E. 
.0 1 

-=-

CbS4S I [le] 
-=-

11-lTERC.ONIJE.C. TIIJGi 

+&STO+fO PLUGi: 

C~~:'~"Ltir 1' 7 
.001 J I I 

'""' I I 
[!QQ] ~'1. I 

R65"7B 
~ K 

-=- I 

I I 

I I 

~:'°'J 31 
IJOHINffi+b7 I :: I 

1>6 I >, 

>e I 

Ri°o~e2 -1sov :-7 I 
-ISOV ~- ------_j__. __ ) 9 

(DE.C.) J_C.b58-Z. ro, I 
+ IOOV+----<-----------------------➔ 10 

C.0584 

I-01 +'2.'2.SVJ I 

R6S80 
I.SI( 

+"7SV 

V5Sf4 

3 4 

-=- Rb586 
100 \~i.S ◄•t----------1--~c.:;-8-b ___ ....___.c__)-'> I I 

lOI I 
+3S0 -+-----------------'-➔ le 

vss43 ~ ._ __ v_s_s_'l_s_~..._ __ "_·s_v_"-_c. ___ :➔ :: : 

+7SV ® ISOma, 

151 

~ 
1165 

PREAMPLIFIER 
S/N '2.950 e_ UP 

C.E:.S89 

IO-I >16 

L _J 


