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CATALOG

PRICE INCREASES

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

Instrument Catalog 21 New price
Type Present price asof 3-1-63
"O" Operational $475.00 $525.00
Amplifier

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: o 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

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

Dc to 25 mc (3 db) in Tektronix Typés 540- and 580-Series
Oscilloscopes, and the Type 555.
Risetime

Approximately 25nsec 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 paralieled by 47 pf.

@

SECTION 1

CHARACTERISTICS

Operational Amplifiers A and B

Open Loop Gain-Bandwidth Product

Approximately 15mc. (Checked at 10 mc with 1-v input;
see Chart 2-1.)
Open Loop DC Guain

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 is
grounded, then the gain is approximately +42500.

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

€o
eg (—grid) —eg (4grid)

A= = —2500

g (—grid) O——————

eq {+grid) O———-—

Fig. 1-1

Output Range

+50 volts, =5 ma.

Output Impedance, at Front-Panel OUTPUT Connectors
Approximately 30 Q at 1 mc 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.
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Characteristics — Type O

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 uf, 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 dc components and dc drift from
forcing the oscilloscope trace off the crt. It is also possible
to reject line-frequency pickup and other low-frequency
* Individually adjustable.

noise. Rejection will occur at about 1cps or about 1ke,
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 is adjusted to ground with
a front-panel control.

Crosstalk Between Operational Amplifiers

Typically better than 400:1 under following conditions:
Both Operational Amplifiers set for unity gain with
Z, = Z; = 1 MEG, one amplifier driven with a capacitively-
coupled oscilloscope Amplitude Calibrator signal of 100 volts
{£=50-volt square wave of about 1-usec 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

103-0033-00 2 ADAPTER, BNC to binding post
012-0087-00 2 CORD, patch

070-0323-00 2 MANUAL, instruction



INSTRUCTION MANUAL

TYPE O
TEXT CORRECTION
Section 1 Characteristics
Page 1-2 Accessories
REMOVE :
103-003535-00 2 ADAPTER, BNC to Binding Post

This insert is placed in its appropriate
position in your Product Reference Book
and printed on colored paper to expedite
retrieval. In a standard manual, it

will be filed at the back of the manual.

TEK O RB 6-20-68 MB,313/L468 1-2






MODIFIED PRODUCTS

Product " Mod Description

0 ‘ 113V ' Add drag brakes.

TEK O PRB 10-12-66













To:

From:

Subject:

Inter-Office Communication

Field Engineers Date: ' December 14, 1962
Field Maintenance Engineers '

Regional & District Managers
Field Training “Qﬂ

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 0 Unit Demo
Adapters for use as a sales tool.

Besides complete schematic information on four'speéific adapter
clrcuits, you will find some good general information on the
0 Unit itself in the Question & Answer section,

The write up is one which accompanies a basic kit comsisting of
two blank boards, punched as for 013-048 and the necessary
banana plugs and assoclated hardware for mounting same, These
are available from Field Training,

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

Best regards,

g g =P 2
AT S ST,
Arch F. Brusch

© Field Training Department

pm
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O- UNIT

DEMO ADAPTER KIT

Copyright Tektronix, Inc.
Beaverton, Oregon 1962



O-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 O-Unit versatility.

c. The use of external components for odd-values and trimming, for the
three basic functions (amplification, differentiafion, integration ).

d.  The idea that external accessories are easy to build.
2. Use as a "quick change" foundation for the 013-048 adapter.

Suggeéfed Circuits:
1. Gated integrator (+ going signals only )

2.  Log amp adapter (+ going signals only )

w

Diode Leakage Tester

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

I

5. LF Function Generator



1. GATED INTEGRATOR
(+ Going Signals Only)

Zf
.
R}

z, '
1
™N'6045

AN
Z6045
+20v 1.5v
Ov ~ T
e 1!
Gate Input Penlite
Cell

A. Circuit using penlite cell.

Signal with + integral

!

|

|

u

I

I

» '
raf-1 1 p
i |
|

!

I

|

|

V193A (545A) RV
or equiv. | VWV

' .

| Signal with

| - integral __Ljazvanr —<&——— To op. amp. A

~ lNOTE: Using second op. amp. (operational amplifier) to
+ Cate | obtain low-Z drive of proper polarity.
A
OB
PRI I e ﬂ
i N I
I 1
! 2701 $4.7K
| K | Zg
I l 1l
L "
! <7 | ‘ i;gn&l B) > % IA T c@péz
=150 rom Op. amp. AV . = lo s ;
I
1 ADD I L1 P
e | . N N
6045 6045

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



2.

LOG AMPLIFIER ADAPTER

For + going signals only (0.1-100v)
Max (-) Input (Destruct Level): 15v

2-8pf
)

A

10K 1% 10K 1%

2

s OUT

gL Dy

10K 1%

$25K
1 1%

$ 56 -

\(Select»fof

D, ERIE 2007 (152-071) 0.10 - 0.13v
] ‘ 0"35 - o.n SOV

0.13v
"0,30v

D, ERIE 2007 (152-071) 0.10

o
°

N
w
[ 4

D4 HUGHES 5000 (152-065) 0.25 -.0.40v
. 0,50v

o
°
w

‘W
[ ]

(fwd)

at 10 pa
at 10 ma

at 10 pa-
at 1 ma -

at 10 pa

at ‘100ua .

K 5%



3. DIODE LEAKAGE TESTER

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

432-032

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

145v .
Di-(6061)
o—i ' |

—— #98K would be the
~ 1 sec ‘ proper value, but
69.5K : 0-10v/cm we don't have any.

309-264 10K Slightly more ac=-

_ o curate ratio obtained

0-1v/cm '~ with 95K and 1.95K

| 9.7K§ ‘ 5K | (305-208) .
309-226 27 |
25K K 1 A b__{:::> ‘ : To
‘ § N 1 > Scope
igiﬂ ‘ 9OK* -

1 A 319-033

2K
309-098

A. Deluxe Version

Ry TABLE Q%)

SENSITIVITY R1 SCOPE
lpa/cm 100K 0.5v/cm
0.lpa/cm 100K 50mv/cm
10na/cm M 0.5v/cm
lna/cm M 50mv/cm




3. DIODE LEAKAGE TESTER (cont.)
' zf (10K to 0.2H)

M

- To scope

6061 Drive voltage monitor
22K

VW
>
D
10 - Tigﬁg J‘"M’ 'é_"—{> » To scope .
it

311-243 % 9K

Simple Version (0-10v/cm, lna/cm at 50mv/cm)

.

B.

4na .
" 3na ‘ //
!
/

2na | , /
___-———"‘—/ ,'
‘ ’
lna| ~—1T— | e
—

.
o/_ o - e 0 o W wop = - - [ ot @ = p— .."

15 30 45 60 75 90 105 120 135 150v

Display at 20 msec/cm.

e Display at 100msec/cm.

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. '

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

Where vertical displacement is in amperes.



In éxample shown, vertical displacement

= 1 nano ampere
Time/cm - = 20 msec/cm
Volts/ecm = 15v/cm
o = (10-9) (20x10~3)
15
= 1,33p¢f.,

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.

1M

M

44"% %
| Ba |
SIGNAL AN ‘ l S >
R l/
, 3 | g -

[
(=}
~
-

===-{V)====1 offset
i

- === Monitor

A. BASIC CIRCUIT A %

For <17 meésurements, match R2 & Rg <1/2%. R, determines only
resolution, (gain), not DC accuracy. R1 should be low Z only if
no offset monitor is used, ' . :



\5Q

4, SLIDEBACK AMPLIFIER (cont)

v

Y,
$

g I~
R £ g I/ '
L] M

10K

B. WITH COMPRESSION

Diodes: T13G 152-005, or any low-leakage germanium for smooth turn-
over; use silicon for sharp turnover.

100K
MM\
100k
> WAt >
[} I
. 1 )
L._:|(l__._
Ry - Window DC Level
- + +
1K Ry = Window Size (£1 tox10v)
Ry 100 Gain inéide of window is X1l.

- 6075 6045 1.9K
(152-075) (152-045)

C. WITH COMPRESSION
OUTSIDE OF LINEAR "WINDOW"



CALIBRATOR RECTIFIER ADAPTER

NOTE: Where + DC voltages only are needed, it's 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 0 to =50v power supply (5ma max) by feeding + volts
from calibrator to (-1) amplifier.

Zf M
NW—
Zf may be made-
' o variable,
Zi 1M - l\ |
+50v , AA~ L [///////, o.=50v, 5ma
— 5 +50v or +lma
IN2070% 15K 2200 |
' VY g +
T ‘
g 175 S _ 285f - .
« : +
CAL 2K : | 100K §<—__o-50v at 100ua
— MN— :
100v**i L L 1 . [ .
uf
L 2200 |
- f]
IN2070% _ 1u £ S04 6 =50v or + lma
IN2070% 5 M 50V
+.]~ :[ o Ripple = 1lmv,
* or equiv. **Bring calibratof u§ to 100v in
50uf  50v 290-117 steps to avoid heavy initial load-
Iuf  150v  290-164 ing (50 ma!),

Construction Time: 20 min,




5. LOW FREQUENCY FUNCTION GENERATOR
.025 cps to 25 kc with Zi =R at IM.
.25cps to 250 kc with Zi = R at 100K**,
1
(Rep-rate = ZRC X vernier setting)
INTEGRATOR
BISTABLE COMPARATOR Z2f = C =|Rep Ratel
] it
Zi=R
B > — Square AN S—y
J_ + CD Wave : ‘:: :D
p— Triangle
- ' Out ' ' : Wave
- +7.5v* - s
Turn 2;t5v*
c, §1ox ~ “LF Reject"; '
R _: e e o ' Switch to
| v ‘ : "OFF"
: ‘ 1
| 100K : X1
———— ry AN\ o
|
]
! ‘ S
Cp - § 100K
i Dzl
| S X0.1 . Rep Rate
e e e — 4 Vernier
jis.sK

*Square and sine wave output dependent on Dzl'

D} - Dy = 6045 (152-045)

D, = IN707 (152-004) for 15v p-p output (+2v)..

1 1/4 M10Z10 (152-064) for 2lv p-p output (+x2v).
C1 Required when fastest rep-rates used.
Co May be desirable for fast turn-around.

**For accurate vernier cal, keep Zi > 500K, 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),

|
-

Zf

X1
| Low Z
’é‘ (10-20K)
Divider
X00

LIMITATION: Cannot provide high values of current.

2. OBTAINING A "+" ZENER WITH LOW SHUNT C: (very close symmetry)

g

USE THIS INSTEAD OF THIS'///a—

4 = 152-045 (6045) for Ez up to 125v

152-061 (6061) for E, 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: (l1/4w) Hoffman
IN707. 7.lv + 0.9v Tek# 152-004
Max current %30 ma. '



A:

Q and A Guide For Demos

Why an open-loop gain of only 25007

This is a leveled=-off characteristic, and gives us a nearly constant error=
factor out to about 10 KC. §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 X1 gain,
By contrast, the O-Unit's amplifiers are usable at X1 gain out to about

30 KC for the same amount of error., In this respect, the O-Unit, for
signals above 100 cps or so, is the equivalent of an operational amplifier
with an open-loop gain of 10° or more. And, since the typical rolloff of
super-high gain amplifiers is at a 12 db/octave rate, the O0-Unit is in a
class by itself beyond 100 KC.

You tell me that I can use the O-Unit to integrate and differentiate. What
advantage does this have over using passive components?

In the first place, a given passive RC timefconstant 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 t1me-constant used any closer
than a factor of ten or so.

These points are illustrated on the following pages.
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Fig. 1. PASSIVE vs. ACTIVE INTEGRATION

T=R1Cy
SN -
__________ 4 ,
(Waveform with one significant
E=1 time element)
Input Signal A, Ov , -
oo i
L & R, [t
True Integral (=1 : ' ° [
u egral (=1) oOv ' ' - o—AAM/ P — o
| K
o—"\V N\ i 0
Passive Network 1. :[ C1
| R2 )
—/\Eo= 0.1 Wy .
Passive Network 2, Ov : Vo ‘ 2
. L_Y_J , ( T S , .I
10X attenuation required just to ob= R202 = 10R1C1
tain proper integral in this interval, :
- T=RyC, '
\ u
. _ El; Ey= = 7 E3= 0 (Waveform with two significant
Input Signal B. ov____ | v 1l_Vv 7 _  _ __T}Q____ov"time intervals)
‘Cl
L
Ry
True Integral *—-AAAF——4“—[:>>J“—*°
R1 |
o—AMV $ ~o
Lg¢
Passive Network #1 :I: 1
‘Rz
o ANN— - —0
Passive Network #2 ;EFZ
_‘RZCZ = 10R161
Ry
o—AAA— -0

Passive Network #3

R3C3 = 40R1c1

Attenuation of 40 at T, required to obtain accurate measurement over
the interval To - T2, where '1'1 - Tz = 4 ('1‘o - Tl)'
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—

INTEGRATION. Let's suppose it's desirable to determine the "area" under
a pulse (Fig. l.) -- 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
Tl’ but also beyond T.,, and (2) provides an answer which can be mide

aily convenient amplitude simply by selection of R and 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 T0~T . In the case of input signal B, where

we are interested not only in the integral at T, but also again at T,,

a time constant 40 times (or more) longer than Ehe 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 aperational amplifier is not hindered particularly by

these considerations. If Ry and Cy 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 E2 to a value that will bring the
integral at T, to a value very close to zero == he may pick smaller

values of C w%thout 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 O0-Unit, the 1 second time-constant Z; =1 Meg, Zf = Inf
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 pf! Assuming

a one-volt peak amplitude signal, this value would be attenuated by an
absoulte minimum factor of 10 (where a 1 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's 0.3 na
grid current with a 1 uf feedback capacitor will produce 7.2 mv drift in
24 seconds.



Input Signal A.
True Differential

Passive Network 1
Passive Network 2

Pagssive Network 3

Input Signal B

Trué Differential

Passive Network #1 Ov

Passive Network #2 Qv ___ _|——

Fig. 2. PASSIVE vs. ACTIVE DIFFERENTIATION

Ter.C,” AN |
171 | \ i,
| /T E =1 (Waveform with one significant
Ov Vv . time element.) R
| | T 1
c AAN
i } _i 1
E =1 °—f|"—"‘*—{>—"—‘°
Ov o
T T
! ' Input Cl
| A ———— & P70 4
'I’, | E =0,63
Ov s = ° R, (Can't even
! x c follow slope)
| 3 2 - v
' I ° ° !
! | E=0.2 I R,C
Oov o R |
o T e ‘%2 CoRy =75
. ! ; ' _L 3 oy
| o—i} o R,C
E =0.1 . R. C.R. =-L1
ov L ° 3 %3%3 7710

]
— @ -
Note departure from true differential during first
5RC's (R,C,). Rate-of-change of input signal just
isn't being”indicated during this time.

——SeR.C#

e T=AR,C 11

(Waveform with two
significant time elements)

ov = —__—
| ) ! | R1
! = | ' '
- ‘/Eo 1/4 | | Cl
0v____|___f _________ ! ¥
' E =1
| [o]
l Eo‘—t]./G :E = 0.5 T o__H _ °
A o _lz/___ c é Rl
1
! : :\\\\\//’/’) —
| I I C -
| Emu.\. 1,/40\' | l2
_________ Ao __& I R
| w= 0.1 R,C ‘% i
I ' FoORC, L1 =
' ' L 10
[}
l - | c
: E 1/160\: | 3
Passive Network #3 Qv [ | 4y % o
—_———— e — — — ===t 1 éR:,
Eo = 1/40 :f
R.C



DIFFERENTIATION. The same general principles apply to passive
differentiation as to passive integration. Picking an RC time-

constant roughly equal to the rise-time of the gignal whose rate-of-
change is to be measured will result in an inaccurate snswer. Only
when a time constant 1/10 or less of the duration of the rate-of-change
to be measured 1is used, can the answer approach (after 5 time-constants)
the value sought., Attenuation will be at least 10X 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, 1
msec duration ramp, the O-Unit can provide a differentiated output of

15 v, quite accurate after the second microsecond (compensation of Z_ will
be required, however, to prevent ringing due to stray C at the inputf.

To obtain equivalent performance from a passive network, it would be _
necessary to follow the network (0.2 or 0.4 psec 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 operationmal 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-amp‘’s 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 uf 1% 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: Yes. 1In 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 (Z, and Z_ component tolerances and signal source impedances will
contribute, of course),

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 1 for 1% accuracy. If 107 error is tolerable, the frequency limits for

X10 gain and X1 gain become 150 KC and 750 KC respectively (with compensation),

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

A: 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'll look at the open loop risetime of the O0-Unit,
you can consider this to be the variation of open-loop gain with time
after the arrival of a signal.

MAX Z£/Zi
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10 . .
Asooo [__ _ _ 1 ____ 1 . ___ 1 ____J| ____T_____ ot | 3R A
23880
9 30 {110
300 | e T o |
100 Best Accuracy \____I;____, ; 2 10
30 __‘_r—*LQéf_.’(K___J_,,__Z________‘_'____/ 0.9 1 2
10 ] S~ 1
OPEN 100nsec .3 lusec 3 10usec 30 100usec :
LOOP o
GAIN > TIME AFTER START OF SIGNAL >

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

The open-loop gain (Fig. 3) rises to 10 after about 100 nsec. An
open-loop gain of 10 will support a closed-loop gain of 1 with an
error of 17% ’

The open=-loop gain rises to 100 after about 1 psec. Thié open=loop
gain will support a closed=loop gain of 1 with 27 error, or a
closed=loop gain of 10 with 107 exror.

NOTE: These figures apply only to the "error" 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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After about 15 pusec, 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.), however, due to imperfect R's and C's, we
cannot claim "1%" measurement accuracies for high-speed work.

"GAIN" for differentiation or integration: 'gain" for an operational ampli-
fier is proportional to Zf/Zi, 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 wvirtual gain is the ratio between the integrating in-

terval and the RC time-constant selected
G, = =i
v  RC

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, tj would be considered to be the duration of one
half-cycle; with an asymmetrical waveform, however, t; 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 "1". If the selected RC is
three times longer than the interval containing the steepest rate of change
(de/dt), the "gain" (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.

Special limits: p
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 level, and for 1% accuracy, for 2 pusec¢ or longer.
However, the values of internal components 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: The shortest internally selectable time-constant is
100 nsec; shorter extermal time-constants should not normally be
used, because of current limitations and stray-C problems,

Because of the risetime limitation of the operational amplifier, one
would expect that with an integrating interval of 100 nsec for a
“virtual 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 lpsec, 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 psec, the virtual gain continues to rise linearly,

while the A-factor starts leveling off toward 2500,

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

Compensation. Input C at the -grid of the O-Unit is approximately 35 pf
(a little less if you switch the *GRID switch to "+" 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 mc for a gain of 1, depending on which pair of
equal resistors you select for Z; and Zg. Wlth compensation, this band-
width may be extended to the 10-<15 mc reglon. : '

Depending on the application, Zy, 2f, ox both may require external compen=-
sation for accurate results. Fig. 5, shows some of the results of over-

~and under-compensation.

. Use of Standard Waveforms for Calibration. The obvious answer to the prob-

lem of making accurate measurements using short (external gg'internal)'time’
constants is adjustment of these values to give correct answers 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 permlt complete
stabilization between measurements.



Fig. 6. OBTAINING '"'STANDARD" WAVEFORMS
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COMPATIBILITY

PLUG-IN CYCLER
Bill Roberts to Geoff Gass

1 have a plug-in cyler. The voltages in this unit will
vary considerably depending on how many and what
kind of plug-ins are installed. The -150V 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 tells 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 neverbeusedwith a Z-
Unit, which will blow transistors if the power sup-
plies are off by more than afew percent. The toler-
ance of the Z to -150v variations extends from
about 140v to 155v 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 M and other new plug-
ins employing semiconductors, I'dbe inclined to say
that use of the cycler should be strictly limited to
those plug-ins which were inexistence whenthecy-
cler was designed several years ago. Just for
laughs, let's say it probably wouldn'thurta: (53, 53/
54) A,B,C, D,E,G,H,K, L, P (1), Q, S, T, or TU-
2. 1t could possibly bottom out the power supplies in
the R Unit and cause other problems inother 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 notpromisedto 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 +350 has a fixed load
on it (40K) 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 compzro-
mise the cost or performance of their plug-ins to
assure 'nmo problems' with the cycler.

So all in all, itlooks 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 underload 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 accessoriesasacus-
tomer accommodation, at the discretion of the
field engineer. These accessories, of course are
not necessary for satisfactory O Unit operation,




O UNIT GRID-CURRENT CHECKER AVAILABLE FROM FIELD

MAINTENANCE SUPPORT

The test jig used to check grid current in the Type
O Plug-in operational amplifiers is available
(internal use only) from Field Maintenance Support.
This is similar to the jig described in the Type
O 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 with ac-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 O
Unit manual).

Gated integrator (similar to circuit 22).
Low frequency sine wave generator (circuit 25).

Amplifier compensator for X1, X10 (circuit 1,
modified).

Diode leakage test jig (circuit 19, modified).

FEN 7-27-62

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
100pf and 10pf 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 for sale to customers. 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 inobtaining finished O Unit
adapters for demo use until the designs are a little
further alongin the phase system, we've put together
an O demo kit, consisting of the following:

2 -- blank boards punched asfor the 013-
048 accessory

12 134-014 Dbanana plugs with 6-32 studs (134-
013 banana probe tips may also be
used but they have longer shoulders)

10 210-202 solder lugs, SE-6

2  210-204 solder lugs, DE-6

12 210-407 nuts, 6-32 x 1/4"

1 -- 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



O UNIT ACCESSORIES SURVEY

As a result of the OUnit Accessory Adapter survey
March 1, Engineering has shelved two of the pro-
jected adapters, and plans to continue with only 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

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

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

When a customer has a particular need for one of
the shelved adapters and is unable to constructone
of his own from the data in the O Unit Manual, nego-
tiate with Ron Goard for apossible Custom Special,

]
—

Predicted Sell Probable Rank of
O Sales?* More Q's? Adapters/Yr Importance Yes/No
Diode-Transistor 10+ Yes 7 X1 - 16 Yes 22
Leakage Adapter A few 16 2-3 No 20
No 13 (200)** 3- 6
4 - 4
5- 3
Compensator Yes 6 1- 4 Yes 15
Adapter 18+ A few 13 X2 - 20 No 17
No 17 (250)** 3- 4
4 - 2
5- 1
Function Yes 6 1- 6 Yes 8
Generator 2+ Afew 8 (175)** 2-1 No 24
No 23 X3 - 16
4- 3
5- 4
Sine-Wave Yes 6 1-1 Yes 8
Generator 2+ A few 7 2- 4 No 24
No 24 (150)** 3- 4
4 - 16
5- 95

O UNIT GATING 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 includedinthe "IEEE In-
struments' book distributed in March. Corrected

TEK O IRB 3-25-64
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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 alate
summer OUnitIRB supplement, Until this is printed,
manuscript copies may be obtained from FieldInfo
if needed (specify which),



THIRD O UNIT ADAPTER IN STOCK

The Amplifier Compensating Adapter -- third of the
four planned O-Unit accessory adapters -- is now
in stock. This unit provides continuously adjustable
one-knob compensation for amplifier gains from
X1 to X100, and may also beusedfor compensating
the gain <1 configuration of the O-Unit's operational
amplifiers. Use of the compensator with the ampli-
fier set for gains of X1 to X100 provides bandwidths
close to the open-loop gain-bandwidth curve (See
O-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
O-Unit Manual. Price of the 013-081 is estimated
at $35., but has not yet been set by the pricing

FEN 1-24-64

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 O-Unit IRB.

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 O-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



Gating Adapter
for
Type O Plug-in

Tektronix, Inc.
S.W. Millikan Way @ P.O.Box 500 ® Beaverton, Oregon @® Phone Ml 4-0161 @® Cables: Tektronix

Tektronix International A.G.
Terrassenweg 1A @® Zug, Switzerland @® PH. 042-49192 ® Cable: Tekintag, Zug Switzerland ® Telex 53.574

070-395 563
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Gating Adapfter
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 positive-
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 10°
ohms in parallel with the ‘A’ amplifier Z;. Since this high
parallel resistance does not effectively alter the Z; value
(in most practical applications), the ‘A’ amplifier is turned
on.

®1

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 Z;.
With Z; 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 cerfain 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 con 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 Z¢ 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 transition 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 10° ohms resistance of the back-biased diode
bridge parallels the ‘A’ Z; 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.
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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 OFF

‘A Zi and Zf 1 MEG.

B’ Z and Z; EXT.

VOLTS/CM 5
VARIABLE CALIBRATED

VERTICAL DISPLAY
VERTICAL POSITION

EXT. INPUT + DC
to center tfrace
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 QUT-
PUT —B.

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

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 2uSEC 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; for minimum amplitude of the pulse at the
left end of the intensified trace zone.

b. Adjust C, 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.



Gating Adapter
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Gating Adapter

REF. | PART SERIAL NO. |Q@
T
No.| No. EFF. |DISC. |+, DESCRIPTION
1 175-294 1 CABLE ASSY., MINUS GRID
(Consisting of)
134-024 1 PLUG, Banana, Male
200-489 1 COVER, connector
175-026 1 CABLE, Coax. 75Q 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 1 SCREV, thread cutting, 2-56
x 3¢ PHS
6 1200-490 1 COVER
7 |211-079 4 SCREW, 2-56 x 3/;s 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, /¢ brass, /,-32
9 |337-579 1 SHIELD, gating adapter
10 1204-163 1 BODY, casting
1 388-550 1 BOARD, Circuit
131-285 2 Connector
12 |392-146 1 BOARD insulating
Mounting Hardware:
(not included)
211095 2 SCREW, 2-56 x /4 FHS 80°
134-070 1 PLUG




Gating Adapter
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CHANNEL A CHANNEL A
MINUS GRID OUTPUT
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O UNIT | -~ ouNIT (ouTPUT)
GATING ADAPTER 563 oR. CRANGES MARKED [ CHANNEL B
REF. | PART SERIAL NO. |@
T DESCRIPTION
NO.| NO. EFF. |DISC. |v.

120-319 1 T1 TRANSFORMER, 12T TD103

152-034 1 D5 DIODE, zener 1N753 6.2V 400MV 10%
152-045 4 D1, 2, 3, 4 DIODE silicon 6045

281-061 1 C2 CAPACITOR, 5.5-18 pf cer. var.

281-063 1 Cl CAPACITOR, 9-35 pf cer. var.

281-504 1 C3 CAPACITOR, 10 pf cer. 500 V 10%
290-138 1 C5 CAPACITOR, 330 uf EMT 6V 20%

315562 2 R1, R4 RESISTOR, 5.6 K 14 W 59,

318-004 2 R2, R3 RESISTOR, 1 meg s W prec. 1%
315-103 1 R5 RESISTOR, 10K Y, W 5%







GATING ADAPTER

Description: The Type O gating adapter makes use of one of the O-Unit's operational
amplifiers to invert the +Gate of the oscilloscope for symmetrical (push-pull) drive to

a diode bridge. The diode bridge gates the other operational amplifier to permit gated
amplification or infegrafion oF any desired signal within the operational cmplifier s capa-
bilities. The diode gate is "open' durmg 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 O-Unit's LF Reject circuits coniribute 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 preamplifier and enhance operational accuracy.

The leads on the gating adapter are arronged for plugging the adapter itself into Operational
Amplifier B, to gate operations in A via the two external leads, which connect to the -Grid
and Qutput 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 portion of the waveform which triggers the
sweep. In other scopes, the gate is open during f?ﬁe entire sweep. An external gating signal
may also be used. Ideal levels are +20 v for "on" and -3 v for "off",

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 amplitude of the scope gate output. If the output waveform exceeds this value dur-
ing the gated interval, the gate will come into partial conduction, distorting the oufput

The maximum input signal which can be hondled is 20 v, Brovnded that the gating duty cycle
is 10% or more and the Rj resistor is 1 M. For Rj = 200 K, max input is 20 v with 10% duty
cycle; for R; = 100 K, max input is 10 v. With R; 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 "off time" (signal current pulling open the diode gate).

The signal "pulling open" 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 amphﬂcahon or integration of
repetitive signals only, where the time during which the gate is closed is no more than 9 times

the "on" time, or 2 sec, whichever is shorter. You will notice that in worklng 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 gate voltage during "off" 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 neghgnble during integration,

but is deflmfeiy noticeable during amplification. The fransient -~ its exact shape depends on

diode switching characteristics, etc. -- typically consists of a short duration spike of about 1 v
amplitude, followed by a smaller swing of opposite polarity and about 1 psec duration, followed

by a 1/2 v pulse of the first polarity and 30 psec decay time.

P I
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Figs. 1 and 2 show the effect of the switching transient. Fig. 1 shows ifs effect on gated
omplification Rj=Rf= 1 M, 5 psec/cm, 500 mv/cm). Fig. 2, at 100 psec/cm and 50 mv/cm
shows its possible effect on integration. In the case shown, with 1 M and 100 pf (100 psec
time constant) the indicated error == unchanged over 5 time-constants -- is 70 mv, or 7 pvsec.

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 level 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 dc 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 Z; 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 outpui, using a 10 pf value for Zf. Normally, the 10 pf capacitor is never
used for integrating intervals in excess of 100 usec or 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 nanoampere grid current.

Modifications: 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 available:

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 Zj = 10 K.,

Hookup mod: A small penlite cell or mercury battery connected in series between the +Gate-
output and the gating adapter input (+ end of the battery 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 rate 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 far 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 af 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 oppear about the same during differentiation as in amplification and may be accounted

for in the final answer by comparison with the "no signal" waveform. For minimum interference,
use a low value Rf, or (with 1 M Rf) open the gate about 30 psec 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 (the gate was attenuatedto4vso as nof 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 ot the -grid and gated together, thus pre-
venting overload of the oscilloscope preamp.
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FIG. 1. Switching transient. (Worst case:
Zi=Zg=1 M, uncompensated) 5 psec/cm, t
0.5 vj:me 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 R; or if Rf and Rj are . °

compensated. ; ; |
P P——

| I

FIG. 2. Integral of switching transient. t I [ 3+ 1 7
100 psec/cm, 0.05 v/cm, Zi=1M, Zf= L o+ T
100 pf. 70 mv error represents 7 puv-sec. { ' N A
Note that error is relatively constant after b L 1 i \
first 30 psec. The error value will change - RS S A
with increased integrating interval because -
of grid-current, leakage, efc. Integrating | = = - - ol
beyond about 20 RC's not usually recommend- T
ed. | e— Y

T |
FIG. 3. Gated differentiation of trigger ; L
feed-through on 535A +Gate. 20 psec/cm, T : H
0.2 v/cm. Z;i=100 pf, Zf= 200 K. Switch- A __ e A
ing transient artifact is seen at left. Gating e R RXE Y “f o

eliminates severe scope overload (60 v at ,
0.2 v/cm) which would have been caused by |
leading edge of signal waveform. ,
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Installation:
Using 535A or 545A Oscilloscope, O-Unit and Gating Adapter.

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

2, Set Channel B Z; and Zf to external,

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

4, Set A Channel Z;j and Zf to 1 megohm.
Set 535A or 545A sweep to 0.2 msec/cm.
Set B sweep to 0.5 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 dc output level so that the intensified and unintensified portions
of the sweeps are level.

7. Adjust Cl1 and C2 of gating odcpfer for minimum overshoot and roll-off. C1 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 Zj to 1 megohm.
Set A Channel Zf to 0,001 pf, LF Reject Switch "off",
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 dc 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

44 I I n I paals b 44t l
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20 volt calibrator
signal

~~ 407, gate cycle
Zi 1 meg, Zf 0.001

11. Connect signal from 105 square wave generator, 1 ke, 20 volts

to A input of O Unit,.

Signal will be negative going with no signal on unintensified

portion.

N uuses. T STTHE SNEN1 NNTTE U
HH \ARERE SN A H4

3

4
-

s iy
LRANLERET

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

=~ 20 volt 105 signal
== 407% gate cycle

Zi l_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:

TZ
B sweep Pulse between Tl and T2
I
1. Adjust Delay to start
at T
. s : 1y Y 1
B intensified by 4 _ %‘ 2. Set sweep A time/cm
_/\_/\ ;“ N for Tz
+ A gate A gate to start and stop
at T, and T
D . L 1 2

Set A channel Zi and Zf to R 1
Amplifier output

Gain =-Z_/Z,
f'i

~

Set A channel Zi to R, Z_ to C.

. | - .
Integrator output /— } o

Input volt-seconds = fei dt = -R;Cf eo

Bob M. Johnson
Accessories Design

8111l Lukens
Manufacturing Staff Engineering
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Future Produci: 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) than the passive-component adapter, but would
offer these advantages: '

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

2, Two gates could be used on one O-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.

Progress of the design presently awaits decisions on the power supply (just how versatile to make
i)

s T
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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 0 Plug-In in-
struction manual. '

The Logarithmic Amplifier Adapter converts the Type 0 Unit to a logarithmic amplifier.
The adapter is built on a circuit board fitted with banana plugs to mate with the ‘
jacks on the front panel of the Type 0 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 kilohms,

Input Coupling: AC or DC. AC coupling time-constant 2,5 msec,

Operating Range: #0,1 volt to %100 volts,

Maximum Input Signal: %100 volts, peak, ac or dc coupled.

Amplification Characteristic: The Logarithmic Amplifier Adapter in the Type 0
Unit closely approximates a logarithmic amplification response for input
signals of *0,1 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 0 set at ,1),

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 em

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 "0 db'" points, Since the range
+100 mv to -100 mv passes through ~oodb, there can be no direct db cali-
bration close to 0 volts,
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Response Time (the time required to change from 100 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 1imits, Response time
when going from 0,1 to 10 volts is approximately 0,2 psecond; time from
10 to 0.1 volt is approximately 0,3 usecond,

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
allowing 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 will be
quite different) and because both output amplitude 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 apparent 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-
litude,

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 = 100 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 with
respect to 0 volts,

In this case, typical apparent bandwidth figures are:

Signal Amplitude Apparent Bandwidth

-3 db ~-10 db

100 mv peak (200 mv p~p) 400 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 (10 v p-p) 1.1 MC 2,0 MC

2, Special Case: For a sine-wave with one peak clamped to exactly 0 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 0 volts would provide an apparent bandwidth equiv-
alent to that produced by 200 mv p-p symmetrical about 0).
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Low Frequency Response: In the AC-coupled mode, for signals of over 500 mv peak
amplitude where the effective input R is 10 K, the jinput time-constant for
a low signal source impedance is 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 0 Operational Amplifier as a logarithmic amplifier with the Logarith-
mic Amplifier Adapter, set the Type 0 Unit controls as follows:

Channel B Controls

Z; SELECTOR EXT.
Zf SELECTOR EXT,
+ GRID SEL (-)
INTEGRATOR LF REJECT OFF
Channel A Controls Any position

Preamp Controls

VERTICAL DISPLAY B, + or - (dependent on signal polarity)
VOLTS/CM .1 (for 100 volts/k cm display)
VARIABLE VOLTS/CM Set according to the adapter calibra-

tion procedure,

Oscilloscope Controls 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 0
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 oscillascope CRT.

Measurements and Interpretation

The convenience of having the ranges from +1 cm to +4 cm and from =1 cm to -4 cm
calibrated directly in db is partly offset by the fact that the range between +100 mv
and ~100 mv passes through =eodb, 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 0 volt
area, and treats a negative-polarity signal as =-log |[Ejnl, since log-E;, is impos-
sible,

For this reason, when observing signals which pass through O volts, each peak should
be treated separately, and interpretation of ''peak-to-peak'' measurements should be

undertaken only with caution, Normally, +100 mv and -100 mv will be taken as inde-
pendent "0 db'' points, and separate + and - measurements referenced to these points.

DC Level Set: Because only a few mv drift in the operational amplifier output
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 coupling position is provided. 0-Unit modification 6115 -- scheduled
for early 1963 production -=- will provide a considerable reduction in internal
drift in the operational amplifiers, substituting a new circuit using type
Z21000 gas reference tubes and transistors for the temperature-sensitive 100 v
IN30H4B Zener Diodes now in use,
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Theory of OperationA

The Logarithmic Amplifier Adapter gets its logarithmic response by using the non-
linear 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 0.1 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 Q cable and termination as signal sources,

1. Let the 0 Unit warm up for ten to fifteen minutes. Plug the logarithmic
amplifier into the B operational amplifier, AC/DC Switch 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 Zs controls in the EXT. position.

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

6. Place the 0 Unit VOLTS/CM switch to .1.

7. Connect a 1 v calibrator signal to the input of the logarithmic amplifier.

8. Adjust the 0 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 to 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 K in the 100 v position (3.97 cm deflection). |If in
doubt, check 100 v Cal OQut into 10 K, using a Z-Unit. 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,

Proper operation means an 0.1 v calibratior signal will produce 1 cm de-
flection #0.5 mm; a 1 volt calibrator signal will produce 2 cm *0.5 mm; the
10 volt calibrator signal will produce 2,95 cm #0.5 mm (only 8.5 v actual

cal output into 10 K); and 100 v will produce % cm 0.5 mm -- provided the
Cal Out CF is in good condition,

Failure of the calibrator to reach its negative peak will be particularily

noticeable in AC-coupled operation with 100 v calibrator input, but this is
normal -- due to the high impedance of the Cal Qut CF to ~going signals. In
the AC coupled mode, the effect will 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 Q cable and 93 @
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 will change with maximum signal amplitude, 1f 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 usec
going from 100 mv to 10 v, and about 0.3 psec from 10 v to 100 mv,

12, The amplifier is now calibrated., Always re-check the OUTPUT DC LEVEL against
the ZERO CHECK trace position just prior to any measurement,

TEK O IRB 12-25-62 O APPLICATIONS D-23






LOG ADAPTER FOR TEKTRONIX TYPE O PLUG-IN UNIT

The Log Adapter 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 dc-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.)

In the foregoing example, a 1-centimeter change in di.
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 dc input trace position. When one peak
of a dc-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 4+ or —), the time required

Dc-Cou‘pIed . for the amplifier output to rise from the 0.1-volt level to
Input Signal Deflection the 10-volt level is typically 0.2 usecond, and to fall from
{dc plus peak ac) (from zero reference) the 10-volt level to the 0.1-volt level it is typically 0.3 usec-
+0.1 volt 41 cm, ==0.5 mm ond. Response times for this and other peak voltages de-
—0.1 volt —1em, =0.5mm ;Jhencl Otﬁﬁo&x}qfropslz So;d}]qt;s{fn\:zﬂ; of .1‘he'HI;l ADJ control for

ved.

+1.0 volt +2cm, 0.5 mm € particuidr peak 519 ge mve

—1.0 volt —2cm, £0.5mm Low-Frequency Response (Ac-coupled input)
+10.0 volts +3cm, =1.0 mm .

100 vol 3 410 3-db down at about 70 cps for signals over 500 mv peak
—10.0 volts —ocm, ==humm amplitude with a signal source impedance of 50 ohms.
+100.0 volts +4cm, =1.0mm (Low-frequency response is measured in a manner similar
—100.0 volts —4cm, =1.0mm to that described in “Apparent Bandwidth”.)

+10 —

+1.0v +0.9v +1.1v -
+1.0 / X _
T Y ¥ -
'I*v -
+0.1 v ~
l Tv \ -3
+0.1v - .
;; Zero dc / = ;g
0 -3
—0.1 ’ A + * &
20 db * Z
. —0.1v 4db —
—1. | -
—10 —
Fig. 1. Display amplitudes resulting from equal peak-to-peak signal voltages, but different dc levels.
© 1963, Tektronix, Inc., P. 0. Box 500,
Beaverton, Oregon. All rights reserved.
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Input to Output Voltage Relationship
e = ki + ks logio e

where:
e, — operational amplifier output voltage
e; = Log Adapter input voltage

ki = e, when e; = 1 volt (typically, k;, = 0.3 to
0.4 volt)

ks Zj——g-iwhen e; = 100 volts (typically, k, =

0.15 to 0.2). k, and k; 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 O
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 dc. 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 309 reduction in input signal
amplitude at lower frequencies.

NOTE.....

FRONT PANEL CONNECTIONS
(O UNIT) —

* GRID ¥ClA B C D
OUTPUT -
GND 1§ 5 1§ g

Typical apparent bandwidth figures are:

Signal Amplitude Apparent Bandwidth

—3db —10db
100 mv peak (200 mv p-p) 400 kc 750 ke
1.0v peak (20 v p-p) 700 ke 1.1 mc
2.5v peak (5.0v p-p) 700 ke 1.1 me
5.0v peak (10.0v p-p) 1.1 mc 2.0 mc

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 1.0-volt and 100-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 10-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 dc power source, monitored with an accurate meter.

7

Do

LOG ADAPTER

€ 483

Fig. 2. Log Adapter Schematic
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REE. | PART SERIAL NO. @
T DESCRIPTION

NO.| No. EFF. |DISC. |v.
131-126 1 CONNECTOR
260-511 1 SWITCH
210-562 2 NUT, hex V,-40 x %4

3. |387-739 1 PLATE

4. 1211079 4 SCREW, 2-56 x 3/;4 PHS slotted

5. [200-457 1 COVER

6. |388-545 1 BOARD, etched circuit

7. |337-565 1 SHIELD

8. [392-146 1 BOARD (not shown)
211095 2 SCREW, 2-56 x 5/, FHS slotted, 80° (not shown)
134-070 - 1 PLUG (not shown)

. |204-163 1 BODY

10.  1401-022 1 CAM
309-392 2 R1-R2 RESISTOR, 20k, Y, w, prec, 1%
318-084 1 R3 RESISTOR, 10k, Vs w, prec, 1%
315-560 1 R4 RESISTOR, 56 Q Vi w, comp, 5%
316-275 1 R5 RESISTOR, 2.7 meg, 4 w, comp, 10%
318-003 1 Ré6 RESISTOR, 11.1k, e w, prec, 1%
318-012 1 R7 RESISTOR, 25k, Vs w, prec, 1%
311-359 1 R8 POTENTIOMETER, 5k, var. 20%
315-562 1 R9 RESISTOR, 5.6k, Vs w, comp, 5%
290-177 4 C1A-D CAPACITOR, 1 uf, 50 v, EMT, 20%
283-023 1 C2 CAPACITOR, .1 uf, 10v disc type
281-060 1 C3 CAPACITOR, 2-8 pf, cer, var.
152-110 1 D1-D2 DIODE, matched pair coded 6110
152-109 1 D3-D4 DIODE, matched pair coded 6109
152-111 1 ‘ D5-Dé DIODE, matched pair coded 6111







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 Z; 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 Z; resistors limit the
operational amplifier high-frequency performance. With the
adapter, the Z; and Z; 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 Z; time constants so that optimum performance is
obtained.

Characteristics

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.

HF

|
f <
|

ADJ
|
470 Q
|
15-480 pf 3-20 pf

OUTPUT

—_ - -
INPUT

Fig. 1. Compensating Adapter with Type O.

Input Capacitance—About 40 to 450 pf; dependent on Z;
and Z; SELECTOR positions (maximum at X100 gain).

Maximum Input Voltage—400 v dc or 150 v rms. Derating
required above 1 mc; see Fig. 3.

Maximum Output Voltage—==50v 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 Z; SELECTOR
switches to the desired values and check the DC BAL., GAIN,
and OUTPUT DC LEVEL adjustments as describeéd 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 Z; resistors used.

1000 ¢ —— T — T Ty
F Solid line — uncompensated 3

L Dashed line —compensaied:

100 e

o

5 10F 3
(U] r 3
1E =

0.1 T T BT L
0.01 0.1 1 10 100

Frequency in Megacycles

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

© 1963, Tektronix Inc., P. O. Box 500,
Beaverton, Oregon. All rights reserved.
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Gain —0.01

90

r Gain —0.1

70 7]
50 Limited by maximum
- output of Type 0 h
30F Gain —1 l 4
L L1 L L L1 \——I
0.2 0.5 1 2 5 10 20
Frequency in Megacycles
Fig. 3. Input voltage derating vs frequency. Parts List Reference
PARTS LIST
REF. | PART SERIAL NO. |Q@
NO.| NoO. EFF. | DIsC. ; DESCRIPTION
1 211-079 2 SCREW, 2-56 x 3/;4 inch, PHS phillips
2 |200-546 1 COVER
3 |204-163 1 BODY
4 | 387-869 1 PLATE, sub panel
5 |384-298 1 ROD, shaft extension, nylon, .656 inch long
214-110 1 PIN, roll, V1¢x Vs inch
354-220 1 RING, external retaining
210-803 1 WASHER, 6L x %/ inch
6 |166-025 2 TUBE, spacer, ', inch long
A - Mounting Hardware: (not included)
211-103 2 SCREW, 4-48 x 7/;4 inch FHS
7 1260-398 1 SWITCH, miniature
.- - Mounting Hardware: (not included)
210-562 1 NUT, hex, /4-40 x 5/1¢ inch
210-046 1 LOCKWASHER, internal, .400 OD x .261 inch ID
210-854 1 WASHER, 7/44x V5 inch OD
8 ]401-022 1 CAM, switch actuating
e - Mounting Hardware: (not included)
213-055 1 SCREW, thread cutting, 2-56 x 3¢ inch PHS
9 |366-210 1 KNOB, charcoal
. - Includes:
213-020 1 SCREW, set, 6-32x V3 inch HSS
10 - | 388-571 1 BOARD, etched circuit
.- - Mounting Hardware: (not included)
211-079 2 SCREW, 2-56 x 3/;4 inch, PHS phillips
1 392-146 1 BOARD, insulating
.- - Mounting Hardware: (not included)
211-095 2 SCREW, 2-56 x 5/;¢ inch FHS
ELECTRICAL COMPONENTS
304-471 1 RESISTOR, 470Q, 1w, 10%
281-090 1 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 200mv to 100v.

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 are discussed below for measuring
capacitance in the presence of leakages up to 0.1 pa per pf of capacitance.

The leakage test adapter contains a step attenuator for the input sawtooth, an adjustment to
standardize the sawtooth amplitude applied to the attenuator, a carefully 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
amplitude. 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 1v/cm (1 pA or 1nA/cm). An operator suffi-
ciently skilled 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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Familiorization -- Connections and Controls

Sawtooth Inpui. 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 Adj., which is accessible through the lower lip of the panel. If the oscillo-
scope provides a front-panel sawtooth output of more than 10v/cm (about 105v for
10.5cm sweep length), 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 1 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 pA/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 af the left, and close the shield). For transistors, a divided and inter-
nally shielded 4-hole socket allows measurement of small 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 (lces) .

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 well 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 coses 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.



Familiarization == First Time Operation

.I.

Calibration

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

Zj EXT
Zf EXT
LF Reject  OFF.

Patch from oscilloscope Sawtooth Output to adapter Sawtooth Input.
Set the oscilloscope sweep controls (Sweep A) as follows:

Triggering: Avutomatic, +Line.
Time/Cm: 10msec/cm.

Install a X10 probe on the O-unit preamplifier input; set the preamplifier input selector
to +DC, and V/Cm to 1v/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 6cm
(530, 530A, 540B-series or 544-6-7). See that the top and bottom of the display coin-
cide with the graticule lines across the entire 10cm.

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 Adj. 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
line, 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 will in most cases
be insufficient to obtain 10v/cm drive, as intended  the above procedure. In these
instruments, the Preset Adj. should be set to provide some other convenient value,
such as 9v/cm (sawtooth crossing the right hand graticule line 6 mm from the top), or
5v/cm (sawtooth crossing the right hand graticule line at the center).

Use of the 10X probe and the 100v position of the calibrator is important in this step to
avoid loading down the Preset Adj. 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 Adj. has been set, the adapter is calibrated for use in either opera-
tional amplifier of any O-unit plugged into the same indicator, i.e., the adapter is
matched to the indicator. |t 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 = 10v/cm) is assumed.

A. List of suggested equipment for demonstration:

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

Type T13G (25v low leakage germanium)

Type 6045 (125v low leakage silicon)

Type 1IN999 (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) 1pf capacitor 281-538
*(6) BNC-BNC Cable 012-076 (20") or 012-057 (42")

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

*(7) O=Unit Compensating Adapter 013-081
*(8) Short patch cord (Cal out to alligator clip) and 1 M resistor

*For high-sensitivity capacitance measurements only.

B. Demonstration No. 1 (25v germanium diode leakage)

Preset controls as follows:

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

Input -B

V,/Cm .05v/cm
Operational Amplifier B == Install Leakage Test Adapter.

Zi EXT

Zf EXT

LF Reject OFF
Leakage Test Adapter

Horizv/cm 1

Sens. 1A/

(1) Adjust DC level Out of Operational Amplifier B for minimum shift from pre-
amp "Zero Check".



(2) Position baseline to bottom graticule line.

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

(4) Set preamp v/cm to 0.5 (vertical calibration is now 0.5pA/cm) and install

T13G 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 5msec/cm, then to 500 msec/cm. Note that display

Lwﬂ/v

7136 - P 3 1

/ e e eAM ¥

syl [ :
(1% /em VornSadicm Db e e
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Fig. 1. T13G Ledkage, 0-10v +

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.
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(7) Change preamp v/cm to 1 & 1 pA/cm), increase horizontal drive to 2%/cm

(2v/cm). The display should now be similar to Fig. 2.

LMA/V
' g?re;»m,;
W IOl W 70 d I
H: lvlft‘\’\ - -
(2% Jewm) v :;MA}L I
:E L~

Fig. 2. T13G Leakage, 0-20v
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C. Demonstration No. 2 (125v low leakage Silicon diode) .

Preset controls as follows:

Sweep Trigger: +Line, Auto
Sweep Time/Cm: 50 msec/cm
Preamp
Input -B
V,/Cm 0.5v/cm
Operational Amplifier B (with leakage test adapter installed).
Z; EXT
Zf EXT

LF Reject  OFF

Leakage Test Adapter

Horizv/cm 10
Sens. 1nA/v

(1) With diode holder empty, check and set output DC level with switch in
"Adj" position. Baseline should not shift more than 6 mm (300 pA grid
current) when the switch is returned to its normal position. Position base-
line to bottom graticule line, using the preamp PSSITION control .
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Fig. 3. Type 6045 diode.
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V: 0.2nA/cm.

H: 10v/cm.
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Install 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.

Note that the display starts with a spike of 1.5 to 3cm (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, ond the trace indicates leakage plus capacitive displace-
ment current. Step sweep rates to slower and slower sweeps until stepping
the sweep time/cm has negligible effect on the vertical amplitude indication.
For a typical 6045 (5 to 8 pf at Ov), 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 10X slower than the range which dropped
the amplitude by about 1cm.

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 bios (1.1
x 109 MegQ equivalent).
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_ nA/cm x msec/cm

pf/cm
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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 1nA/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 follows:

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

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

_ Vertical nA/cm x Sweep Msec/cm
pf/em = Horiz Volts/cm

The number of picofarads capacitance will be proportional to the number
of centimeters difference between the leakage current and the leakage-
plus-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 50 msec/cm, for a capacitance sensitivity of

0.2
——]%—S—Q= 1 pf/cm.

At the 50v bias point (graticule centerline) the displacement difference was
9mm or 0.9pf.

Note that at a much lower bias point the difference -- and hence capacitance --
is much greater. Though the capacitance indicated is about 3.5pf at perhaps

1v 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 1v in this
10v/cm display.

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

pf/cm = QL?%Q_Q_@Q = 40 pf/cm.

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

Demonstration No. 4. (Preferred Capacitance Method)

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

Using the second operational amplifier as a X1 to X100 compensated amplifier
(with compensator 013-081 or equivalent), sweep rates up to 0.1 msec/cm may
be used to evaluate small values of capacitance, 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 follows:
(1) Install compensating adapter in operational amplifier A.

(2) Carefully check DC output level of operational amplifiers A and B (open
the shield to disconnect the diode in B and set sensitivity to 1pA /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 1v/cm,
+A and operational amplifier A to Zij= 10k, Zf=1M. Touch up DC bal-

ance of B (using Adj switch) as the preamp sensitivity is increased to 0.1v/cm
for an overall sensitivity of 1nA/cm. Position trace to bottom graticule line.

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

(4) Install diode and close shield. Step sweep rate clockwise until a rate is
found which provides a substantial increase (>1cm) in vertical deflection
but not faster than 0.2msec/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

_ nA/cm x msec/cm
pf/em = 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 5msec/cm, set the preamp to 0.2v/cm
(2nA/cm), step up to the next faster 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 0.5 msec/cm, step back to 1 msec/cm and set the pre-
amp to .05v/cm (0.5nA/cm). In this case the capacitance sensitivity is
now 0.5pf/cm.

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

Step sweep to a rate 1 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 2C+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 10X
change in sweep rate, the difference then becoming (10C+L) - (C+L), or
9C. 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 o factor of 2 slower than the next faster step.
When the rate change is 2-1/2 to 1, as it is when the slower rate is 500, 50,
5o0r 0.5, it's usually easier to change sensitivity combinations than to divide
the answer by 1.5. For a demonstration of the 10X sweep, 9X capacitance
technique, see section H (4) and Fig. 10.

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
amplifier) after conduction will 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.



Fig. 4. Capacitance Measurement.
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The smallest value of drive obtainable in the leakage test adapter is 1%/cm, or
normally, 1v/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 "1%/cm" posi-
tion remains 1v per centimeter of the unexponded sweep, but the CRT display
is expanded so the display is 200mv/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 100 millivolts of
the diode characteristic.

Pﬂ’d;«P
O.5vlcw
Vi SnAlcm

ﬁ&S,:f/cm

wt\e«« swee‘fs =
0. I msec lew

F
T

=

Use of compensating adapter provides fast ' I
(€15psec) overall system 0-98% risetime.

Unmagnified sweep rate, 0.1 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 0.1 msec/cm. The cause is a small 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
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adapter. This spike can be materially reduced and zero reference restored by
installing a 470 pf capacitor (.00047 pf) 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 "noise reduction techniques" (Section | below).

To measure input capacitance near Ov, 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 amplifier 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 amplifier B, and reset triggering
controls for line triggering. Set Time/cm to 0.2msec/cm. |f Zf of opera-
tional amplifier B was set to 10pf in the previous demonstration, return it

to "EXT".

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

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

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

(6) Position the step horizontally to graticule center and turn on the magnifier.
Note that there is no increase in display amplitude. 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 1/2cm
horizontally (100 mv).

Having confirmed the system's measurement capability, remove the 1pf 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 100mv (Ov is 1/2cmtothe left of graticule center), at
sweep rates differing by a factor of two (1 msec/cm and 0.5msec/cm). The cal-
culated sensitivity at the slower rate is 5pf/cm. The difference in deflection
being 1.8cm, the actual capacitance of this diode is shown to be 9pf (out of
spec, incidentally, as this diode is supposed to be 8 pf max at Ov).

Current sensitivity of the system set up for Fig. 5 is 5nA/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 1 nA. The actual measured value was 1.5nA
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at 100mv. This backiracking 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).
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Fig. 5. Capacitance of 6061.
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Two-step sweep method (1.0 and 0.5msec/cm)
shows al of 1.8cm. At 5pf/cm, C= 9pf at

centerline, representing 100mv bias (X5 Mag : » -
on to improve display resolution). - 5
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G. Demonstration No. 6: Capacitance Measurement in the Presence of Substantial
Leakage.

The current sensitivity required to measure small 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 amplifier, 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 (Ices) 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).
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FIG. 6. USING CALIBRATOR SIGNAL FOR OFFSET.

Display was triggered from calibrator for this illustration; normally, asynchronous
sweep would be used to obtain continuous trace.



-15-

The schematic and waveform (b) show how the injection of 20v of the calibrator
waveform via a | M resistor (Zg/Zj= 0.1 for this signal) produces 2v chopped
offset to the preamp, approximately equal to the amplifier A output for the
leakage af the point (Ec = 5v) we want to examine.

The voltage steps available 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 position control, a 470k resistor

in series with a small 500k 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, 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
10X == 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 2msec/cm to 0.2msec/cm rate (upper trace). The capaci-
tance sensitivity at 2msec/cm and 10nA/cm with 1v/cm horizontal drive is
20pf/cm. Increosing sweep speed X10 gives us 2.25cm increase in vertical
deflection, or a "45pf" indication at the centerline (representing Ec = 5v).
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 limitations come seriously into play to limit measurement
accuracy .

One limitation 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 limits the capacility of making these
slideback 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.

Miscellaneous Demonstrations:

(1) Low-leakage, low-capacitance diode Type 1N999. 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 (0.5nA/cm or better) is at the limit for short-term stability of the
cascaded amplifier arrangement required for capacitance measurement (1sec/cm
or slower sweep required for leakage test to avoid capacitive effects). The
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sensitivity of the system (overall 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 1N999,
0.5nA/cm vertically, 10v/cm hori-
zontally. Capacitance sensitivity

(difference) is 0.5pf/cm.
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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).

Separate Leakage and Capacitance Measurement (2N706B: NPN Silicon, 25v
transistor) . With the operational amplifiers cascaded for high sensitivity for
the 1 pA/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-
fance measurement (2-sweep-rcn‘e method) on screen in the presence of substan-
tial leakage. Figure 8(a) is the leakage measurement (10 nA/cm) showing
leakage of ~5nA at low voltage and 10nA ot 5v. Waveform (b) shows the
capacitance measurement taken at higher sensitivity (1 nA/cm), stepping from
2msec/cm (2pf/cm) to 1 msec/cm, for a capacitance measurement of 2.8 pf

at 5v. Waveform (c) shows the capacitance at 0.5v 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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FIG. 8. Capacitance measurement, 2N706B, by 2-step sweep method, using
separate sensitivity settings for (a) leakage (10nA/cm) and (b, ¢}
capacitance (1 nA/cm) measurements. See Section H(2).
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Fig. 9a. Leakage and capacitance
of IN707 Zener diode (7v Zener).

Horizontal  1v/cm
Vertical 0.5pA/cm )
Upper trace 0.2msec/cm r ,
(100 pf/cm) s
Lower trace 50 msec/cm & I
LuAl l'
M M..‘.
A SC?PE +
Py (—'K—I’B;'—‘*r 0.5v (cur 1 /V EE

Capacitance at 0.2v, 310pf.

Fig. 9b. Leakage and capacitance
of ]/4M]0210 (10 volt Zener).

Horizontal  1v/cm
Vertical .05pA/cm
Upper trace 10msec/cm
(500 pf /cm) ]

Lower trace 2sec/cm
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