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Inter-Office Communication 

New Product Sales Release Distribution 

from: Ted Brandt 

Subject, U. S" Marketing t~ew Product Sa I es 
Release, Type 3A8 

Date: Ju 1 y 1 6 • I 96 5 

Malor Sales Features: The 3A8 is a three series operational amplifier 
plug-In for the 560 series with similar operational characteristics 
to the O plug-lno 

Markets: R&D was the reported usage for approximately 90% of O unit 
sales. NASA, Defense. Nuc1ear, Computer and the Education Industry 
classifications accounted for almost 50% of sales. 

§upport Activities: 

Advertising Program 

Spec. Sheet - Week 28 preliminary; week 34 final (in the field) 

Mai 1 lngs = none 

Short Form Catalog 1966 

Trainin.9 Program 

1·raining package = none 

Product Technical Information Program 

PRB = Week 43 

Marketing Product Administration Program 

Demo availability - Start week 41 

Customer instrument aval1abiinty - Week 45 

Maior Trade Show Program 

l Introduced at Wescon 165 

2. NEC 1 65 

3. NEREH 165 

49 IEEE 1 66 

lnforrm:11tion on the 3A8 wlll be made public during week 34, Wescon week. 

3A8 
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Type 3A8 

Operational Amplifier Plug-In 

For 560-Series Osei! loscopes 

The Type 3A8 Operational Amplifier plug-in provides two versatile wideband operational 
amplifiers and an oscilloscope deflection amplifier compatible with all 560-series oscillo
scopes accepting 3-series plug-ins*, and with the Type 129 power supply. 

The 3A8 matches closely the flexible operating features of the Type O plug-in -- including 
front panel selection of a full range of Zi and Zf components for each operational amplifier. 
New hybrid circuits provide the 3A8 with higher open-loop (DC) gain and lower drift them 

#II the O. Gain-bandwidth product of each operational amplifier is 10 MHz or better. 

Limitations as compared to the O-Unit: 

## i. lower deflection amplifier bandpass: 3 .5 MHz instead of 25 MHz. 

2. less operational amplifier output swing voltage: ±25Vinstead of ±50V. Current capa
bilities are a little better (±7 .5 mA compared to ±5 mA), so for a given Zi and external 
load, input swing is a little more than for the 0. 

3. Only one LF Reject range for each operational amplifier. 

Advantages compared to O-Unit: 

1. Compatible with low-cost storage indicators. May be used X-Y in storage indicator. 

2. Higher open-loop gain at DC (15,000 instead of 2500) and lower drift, offering better 
low-frequency performance, better log-amp stabi I ity. 

3. Greater common-mode input swing (±25Vcompared to ±10V)for differential or non
inverting applications (e.g., application 5 or 6, O-Unit manual). 

4. Lower input grid current; hence more accurate integration. Grid-current bucking 
circuits allow stable adjustment to negligible values at O V. 

5. More sensitive preamp (20 mV /cm). This feature makes up for the lower operational 
amplifier output swing, restoring the O-Unit 1s 1000-1 ratio between output swing and 
preamp sensitivity. 

* The 3A8 will not operate in the former Type 560. The plug-in is mechanically keyed 
so it cannot be accidentally inserted in the 560. 

II# Revised from August 165 tentative data. 



Sales points: 

## 

X-Y operation: The large number of 560-series X-Y scopes in existence (compared 
to the number of 536 1s) make the X-Y possibilities of the 3A8 quite attractive ••••• 
e.g., a 3A8 on the right generating and plotting the independent variable; a 3A8 
on the left displaying a function of the dependent variable. 

Storage: The combination of operational amplifiers and a storage indicator is a 
natural for increasing the flexibility of each. 

The 3A8 enhances the flexibility and utility of the storage oscilloscope, providing 
opportunity for waveform generation and signal pre-conditioning (e.g., slideback, 
differential, log-amp, 11infinite impedance", 11charge amplifier" and rate-intensi
fication operations). The storage indicator, conversely, provides optimum utiliza
tion of the capabilities of the operational amplifiers in such applications as semi
conductor leakage testing, where high junction capacitances sometimes require sweeps 
in the 2 sec/cm range to avoid displacement-current effects, and in single-event 
studies where photography was previously needed to obtain the necessary data. While 
photography may stil I be needed for permanent records, the variables in getting a 
good photo of a good waveform are reduced to the absolute minimum. 

The 3A8 when used with a 3B4 or another 3A8 may be used as a stepper to provide a 
raster or stepped display on the storage instrument, provided an external triggering 
signal is available. (The schematic for a stepper adapter is in the O-Unit PRB under 
11 Engineering -- Techniques 11 • 

Geoff Gass/cmh 
## Revised l-21-66 



Type 3A8 

Characteristics Summary 

August 165 

Revised l-21-66 

1. Deflection Amplifier 

Bcmdwidth: DC - 3.5MHz (Tr (100nsec). 

Sensitivity: 20mV/div to lOV/div, 1-2-5 sequence. Continuously variable 
between steps and to .....,25 V /div (uncalibrated). 

#If Accuracy: Within 3% on al I ranges when set to within 1 % at 20 mV /div. 

Input RC: l M ±1%, 47pF ±5%. 

AC Coupling: lO0msec ±20% (-3db <2Hz). 

Input Switching: Coupling: AC-GND-DC 
Source: EXT-1-2 
Polarity: Norm-Invert 

2. Operational Amplifiers 

Note: The list of characteristics below are those for which limits are established for 
the O-Unit. Both O-Unit and 3A8 limits are shown for convenient reference. 

0 3A8 

Open Loop Gain-Bandwidth Product 15MHz 10MHz 
Open Loop DC Gain 2500 15,000 
Output Voltage Swing ±50V ±25V 
Output Current Swing ±5mA ±7.5mA 
Output Impedance at 1 MHz 30Q <30Q 
Drift (Typ), mV/hr referred to input 10mV .5mV 
Grid current 

-grid, max 500pA 200pA 
-grid, adjustable to 300pA 0 ±50pA 
+grid, max 500pA 200pA 
+grid, adjustable to 150pA 0 ±50pA 

Input voltage swing (+grid or common-mode) ±lOV* ±25V 

* Typ. Not in O-Unit spec. 
** Adjustment closer than ~50pA requires very careful tweaking of both lg and offset 

controls. 

## Revised data. 

** 

** 



Zj, Zf Selection 
Resistance: 

Component Accuracy: 

Capacitance: 

Component Accuracy: 

Integrator lf Reject 
II# Output DC level 
1111 Crosstalk A-B or B-A at Max output 

3A8 People 

Project Mgr. 
Inst. Des. Engr. 
Mech. Des. Engr. 
Prod. Tech. Info. 

Russ f i 11 inger 
Don Clark 
Dick Swanson 
Geoff Gass 

0 

10 k, 0. 1, 0. 2 
0.5 and 1.0Meg 

±1% 

3A8 

10k, 0.1, 0.2 
0.5 and l .0Meg 

±1% 

0 10, 0 1 00, l 000 pf O l 0, 0 1 00, 1000 pf 
.01, 0.1, 1.0f-lf .01, 0.1, 1.0f-lF 
1 % except (0 ) 1 % except (0 ) 

l Hz or 1 kHz 
Adj. to 0 
< 1 :300 

l Hz only 
Adj. to O 
<1:1000 

0 Adiusted under dynamic conditions to compensate for strays. Effective accuracy for 
most operations within ±5%. 

## Revised data. 

Geoff Gass/ cmh 
Revised 1-21-66 



PERFORMANCE 

POWER DRAIN -- 560 SERIES PLUG-INS 

The power supply loading indicated below will vary 
somewhat with line-voltage and front-panel control 
settings. Where series-regulator shunts are indi
cated, the shunt consists of 2 k in the indicator unit 
in series with 0 to 6 k in the plug-in, the series 
combination connected between the unregulated sup
ply and the regulated supply (in the -100 v supply, 
between the unregulated +supply and ground). The 
shunt supplies the extra current drawn bytheplug
in beyond that which can be handled by the series 
regulator. The actual amount of shunt current varies 
with line-voltage, so if a positivepower-supplybus 
in the plug-in is opened to take a current reading, 
the reading will be in error unless the bus is opened 
on the load side of the shunt connection (with the 
shunt still connected). The -l00v bus carries the 
entire load current, so a current measurement at 

Geoff Gass, 5-21-65 

the plug-in connector is always correct for this 
supply. There is no shunting for the -12 .2 v supply. 

CAUTION: The values below should not be used to 
determine if there is any "extra" power available 
in the compartment for other purposes or plug-in 
modifications. The values of the shunts, the total 
dissipation in the plug-in, the limitations of the in
dicator (transformer and series regulators) and the 
characteristics of the other plug-ins with which a 
given plug-in may be used all limit the amount of 
power "available" in a given plug-in compartment; 
in most cases, there is little or no margin allowed 
for extra current drain without modification of the 
shunts or circuitry. See 040-0245-00 instructions 
and power drain discussioninPRB'sforindicators. 

Plug-In, SN -100 v, shunt -12.2 V +125 v, shunt +300 v, shunt 6.3v AC 117v I 
3A8 46 FS 793 72 FS 56 lk 1.55A 0 

I 

TEK 3A8 PRB 2-3-66 
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CHANGE INFORMATION LOG 

This page is used as a guide to insure that all changes to the main body 
of this book have been made. When a change notice is received, log it 
on this page, then write in the actual change information on the approp
riate page. Change Notice numbers are assigned in sequence. Absence of 
a number from the sequence indicates a change which has not been entered. 

CHANGE NOTICE NUMBER EFFEC~IVE DATE OF CHANGE PAGE NUMBER 

·------~. ----~------+------------! 

----·-------.~~------+----------, 

----------· •tr·•,..~ 

--------------------------+----------4 
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PREFACE 

This Specification is the reference document for all company activity 
concerning performance criteria of the instrument herein described. 
Changes in instrument performance data are accomplished only via the 
change request forms appearing in the back of this book. 

One of the major functions of this Specification is to provide prelim
inary information to the following departments: 

Manuals 
Product Information 
Product Engineering Reliability 
Field Training 
Manufacturing Staff Engineering 

Advertising 
International Manufacturing Support 
International Marketing 
Manufacturing Quality Assurance 
Manufacturing Management 

This document is printed in two issues: a rough draft published following 
Prototype Release of the instrument, and a final draft following Engineering 
Release. Occasionally, if justified by the number of changes, the final 
draft is updated and reissued following Pilot Production. 

Performance Requirements are coded in accordance with page 1-1, and are 
customer performance requirements. Factory test limits are excluded. Those 
items coded for "Internal Use Only" are for use in Tektronix Manufacturing 
Quality Assurance and Field Engineering Offices, and are not to be interpreted 
as Factory Test Limits. 

Factory Test Limits are established by Manufacturing Staff Engineering and 
are published only in documents issuing from that department; those documents 
being the Factory Calibration Procedure and the Instrument Performance Checkout 
Procedure. 
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INTRODUCTION 

This is the Instrument Sp~cification for the Type 3A8 Operational Amplifier 
plug-in unit, and is the reference document for all company activity con
cerning performance requirements. This specification is for internal~ 
onlys It supersedes the final draft for the Type 3A8 Instrument Specifica
tion dated August 31, 1965. 

General Information 

The Type 3A8 consists of essentially three parts: a deflection amplifier 
and two operational amplifiers. The deflection amplifier can be used as 
an independent oscilloscope deflection amplifier or to monitor the output 
of either of the operational amplifiers. 

The operational amplifiers can be used for applications involving integra
tion, differentiation, amplification by a constant factor, summation, phase 
inversion, and many others. 

The Type 3A8 can be used with any Tektronix ,560 series oscilloscope (except 
Type 560). It can also be used with other oscilloscopes and devices 
through the use of the Type 129 Plug-In Power Supply. 

The Type 3A8 with Log Adapter (013-0067-00) allows the display and measure
ment of high-amplitude signals mixed with low-amplitude signals. Pulses 
and transient signals spanning three voltage decades to ±100 V can be dis
played and measured on the same trace. 

The Type 3A8 with Gating Adapter (013-0068-00) allows repetitive signals with 
a net integral other than zero to be integrated and displayed@ Without the 
Gating Adapter, true integration of such repetitive signals is difficult or 
impossible since the integral will rapidly accumulate beyond the range of 
the Type 3A8. 

The Type 3A8 with Leakage Current Adapter (013-0086-00) allows measurement 
of reverse leakage in semiconductor diodes and in small-signal transistors 
in a diode-connected configuration. The Leakage Current Adapter requires 
an external sawtooth drive to +150 V; a Type 2B67 incorporating Mod. No. 
120 H can be used for this function. 

The Type 3A8 with Compensating Adapter (013-0081-00) extends the closed
loop frequency performance of the Operational Amplifiers. The adapter com
pensates for stray capacitance associated with the internal Zi and Zf res
istors, providing an adjustment for optimum HF response. 

I 



P;unctions .Q.!. Controls~ Connectors 

Display Amplifier 

EXT Input Connector 

Connects external signal to the deflection amplifier 
for conventional display. 

EXT 1-2 Switch 

Selects the deflection amplifier signal source. 

AC-GND-DC Switch 

Selects the input coupling method for the deflection amplifier. 
GND position in center permi,ts precharging or discharging 
of coupling capacitor before it is connected to the amplifier. 

NORM-INVERT Switch 

Determines the phase of the displayed signal relative to 
the phase of the signal at the input. 

NORM INVERT BAL Adjustment 

Provides for no shift of display when NORM-HNERT switch is 
operated. 

CAL Adjustment 

Allows calibration of deflection sensitivity at any setting 
of the VOLTS/DIV switch. 

VOLTS/DIV Switch 

Selects calibrated deflection factors from 0.02 V/div to 
10 V/div, in a 1-2-5 sequence. 

VARIABLE VOLTS/DIV Control 

Varies deflection factors between calibrated setting by a 
2.5:1 ratio, allowing overlapping, continuously-variable 
deflection factor from 0.02 V/div to at least 25 V/div. 

POSITION Control 

Moves the display up or right with cw rotation and 
down or left with ccw rotation. 

II 



Operational Amplifiers 1 & 2 

ADJUST-NORM-/ LF REJ Switch 

ADJUST: 

NORM: 

Provides grounded-input closed loop with 
XlOO gain for adjustment of offset. 

Provides for conventional use of the 
operational amplifier. 

/LF REJ: Provides de feedback during integration 
with internal Zf capacitor. Reduces 
effects of amplifier drift and grid 
current. Employs a known time-constant 
discharge to reduce the de component in 
the integraL 

Zi-Zf Switch 

Zi: Provides several values of Rand C between 
the IN connector and the amplifier - grid. 

Zf: Provides several values of Rand C for 
feedback elements. 

± GRID SEL Switch 

(+): Connects+ grid to bottom-center panel jack. 

(-): Connects - grid to bottom-center panel jack. 
Grounds+ grid. 

OFFSET Control 

Permits de adjustment for zero output when input is 
zero. 

III 





SECTION 1 

1.0 Performance Requirements 

1.1 Electrical Characteristics 

Performance requirements listed for the characteristics in this 
section are valid throughout the environment specified in Section 
1.2 unless there is a statement to the contrary. 

Performance requirements are validated by Engineering according 
to Sections 3 and 4. Production test methods may differ. 

The following codes are used to categorize performance requirements: 

G (General Use) 

I (Internal Use Only) 

A (All) 

S (Sampled) 

This performance requirement may, but not 
necessarily will, be quoted to a customer. 

This is a customer type performance require
ment (not a factory test limit), but will 
not be quoted to a customer. 

It is recommended by Engineering that elec
trical testing of this performance require
ment be performed on 100% of instruments. 
Environmental testing is performed on a 
sample basis. 

This performance requirement carries a high 
confidence level and may be tested on a 
sample basis. 

Conditions under which a performance requirement is valid may be 
listed under Supplemental Information or in Section 3 (Electrical 
Test Methods). These conditions are an essential part of the 
performance requirement. 

NOTE: Code column also provides reference to related electrical 
test method. 

1-1 
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Characteristic 

Frequency Response 

AC LF Response 

Transient Response 

Overshoot 

Ringing 

Hook 

Rounding 

Risetime 

.02 to 10 VOLTS/DIV 

Positioning Effect on 
Transient Response 

VARIABLE Control Effect 
on Transient Response 

Low Frequency Linearity 

1.1.l DEFLECTION AMPLIFIER 

Performance Requirement 

DC to ~ 3.5 MHz 

~ 2 Hz 

:S: J.% pp @ 20°C to 30°C, ~ 5% @ 0°C to +50°C, NORM 
polarity 
< J% pp@ 20°C to 30°C, ~ 7%@ 0°C to +50°C, INVERT 
polarity 

~ 0.5% PP 

s: 1% PP 

~ 1% pp 

:s: 100 ns 

~ 10% pp rounding with any portion of display off 
screen 

~%pp rounding or overshoot with any VARIABLE 
control setting (in addition to ab~rration at CALIB) 

~%compression or expansion of 2.5 div signal 
positioned ±3 div from graticule center 

See page 1-1 for coding legend 

Code Supplemental Information 

3~1.1 With 50-kHz 4 division 
GA refer~mce, VARIABLE at 

CALIB, and VOLT;;i/DIV !-it .02. 

3.1.2 Calculated from input 
GS resistor and coupling 

capacitor. 

3.1.3 VARIABLE at CALlB. Checked 
GA with 4 divisions at .02 

VOLTS/DIV, display centered. 

3.1.4 
GA 

3.1.5 Checked at 8 divisions 
IS amplitude. 

3,1.6 M3.in taining 4 di visions 
IS amplitude. 

3.1.7 
IS 
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Characteristic 

DC Shift 

Input Characteristics 

Resistance 

Time Constant 

VOLTS/DIV Accuracy 

VARIABLE VOLTS/DIV Range 

CAL Range 

DC Balance 

Coarse Range 

Fine Range 

Tube Bias Match 

C.F. Gain Factor 

Positioning Range 

1.1.l DEFLECTION AMPLIFIER (continued) 

Performance Requirement 

~ ±0.1 major div in 5 st after 8 div deflection 

1 megohm ±1.5% 
Standardized, with 47 pF stanQardizer, for~ 0.5% 
tilt or front corner rounding of 1 kHz calibrator 
signal 

~ ±3°/4, after adjusting CAL for CY/4 error at 0.02 
VOLTS/DIV 

~ 2 .. 5:1 

15.0 VOLTS/DIV to 24.2 VOLTS/DIV 

+ and- 0.9 V, ±15%, (at V303B grid nth FINE BAL 
centered) 

~ 0.25 V, ±10%, (at V303B grid) 

~ 400 mV 

~ ±8 div 

See page 1-1 for coding legend 

Code Supplemental Information 

3.1.8 
IS 

3.1.9 

GS 

GA Input C adjusted to combine 
with input R for~ 47 µs 
time constant. 

3.1.10 With VARIABLE at CAL, any 
GA selected VOLTS/DIV setting 

is adjustable to zero per-
cent with front panel CAL 
adjustment. 

3.1.11 With CAL set within stated 
GA range of crt sensitivities. 

3.1.12 Crt sensitivity., 
GA 

3.1.13 
IA 

f.:1::10 .. 9 

3.1.14 
IS 



1.1.1 DEFLECTION AMPLIFIER (continued) 

Characteristic Performance Requirement Code Supplemental Information 

Positioning Effect on Trace shifts~ 1.5 minor div at any position on 3.1.15 Balanced for fixed trace 
Polarity Balance screen when NORM-INVERT switch position is changed IS position at screen center 

for NORM and INVERT. 

Trace shift with :s: 1 major div 3.1.16 Balanced for fixed trace 
VARIABLE VOLTS/DIV IA position at screen center 

for NORM and INVERT. 

Maximum Input Voltage t600 V, combined de (+) peak ac (AC or DC coupled) 3.1.17 No destruction of com-
to 200 Hz, decreasing to 20 V peak at 6 kHz GS ponents. Graph on 1-8. 

Overload Recovery ~ 1 s to within 75 mV for xlOO volts input 3.1.18 DC coupled at .02 VOLTS/DIV. 
IS 

1---' 

1- Microphonics :s: 20 mV, referred to input 3 .. 1.19 Checked with standard 
IA micro shock hammer. 

Crosstalk from 3 .. 1.20 Typically~ 1:50,000. 
Operational Amplifiers IS 

Trigger Output 3 .. L21 Measured at test point 6 
on deflection amplifier 
board. 

DC Level Adjustable to O V ±0.2 V GA Trace centered. 

DC Level Adj Range 2 10 V IA 

Impedence :s: 4oo Q at 1 MHz GS 

Bandwidth ~ 3 MHz, referred to front panel input with :s: l div IS Operating into a load of 
display 25 k tom and :s: 100 pF with 

1 div, 50 kHz reference. 

See page 1-1 for coding legend 



1.1.1 DEFLECTION AMPLIFIER (continued) 

Characteristic Performance Requirement Code Supplemental Information 

Amplitude 2.3 to 4.5 V pp per displayed division, depending GS At low frequencies. 
upon crt sensitivity 

1.1.2 OPERATIONAL AMPLIFIER 1 & 2 

Open-Loop Gain- ~ 10 MHz 3.2.1 
Bandwidth Product GA 

Closed-Loop Gain- 50 kHz min, uncompensated (to -30% point) 3~2e2 
Bandwidth for any 8.5 MHz min, compensated (to -3(1/, point) GS 
Combination of Ri and Rf .... 

~ 
Providing~ unity gain 

Open-Loop DC Gain ~ 15,000 3.2 .. 3 Gain= E out 
GA Eg~+5-Eg~-~ 

Output Range 3.2.4 
GA 

Voltage ~ :t25 V 

Current ~ 7.5 mA, including feedback current 

Input Common-Mode Range ~ ±25 V 3.,2.,5 
GS 

Long-Term Trace Drift ~ 500 µV (referred to input) per hour after 30 min 3.2.6 Typically 200 µVe 
warm-up at constant ambient temperature and line GS 
voltage averaged over a 10 hour period 

OFFSEr (output de level) Adjustable to zero 3.2.7 
GA 

See page 1-1 for coding legend 
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Characteristic 

Grid Current 

Output Impedances 

Noise: Zi ~ 10 kQ, Zf ~. l 
~, input grounded 

(-) grid shorted 
to output 

Zi and Zf Accuracy 

Resistance 

Capacitance 

(+) Grid Input Resistance 

Connected as Unity-
Gain, Noninverting 
Amplifier 

Other Modes of 
Operation 

1.1.2 OPERATIONAL AMPLIFIERS l & 2 (continued) 

Performance Requirement 

zero ±50 picoamps, as seen at input connectors 
with same ambient temperature and line voltage as 
during calibration 
zero ±200 picoamps, 0°C to +50°C 

~ 30 Q at l MHz 

~ 25 mV pp (l Hz to 15 MHz) 

< 2 mV pp (l Hz to 15 MHz) 

.01, .1, .2, .5, and 1 megohm; ±1% 

10 pF, adjustable (temp coef ±300 ppm/°C) 
100 pF, adjustable (temp coef Oto -750 ppm/°C) 
.001, .Ol, .1, and l 'IJ,F; ±1% 

See page 1-1 for coding legend 

Code Supplemental Information 

3.2.8 Calculated from charge rate 
GA of capacitor between output 

and - grid (for - grid), 
between+ grid and ground 
(for+ grid), offset adjust-
ed for minimum. 

3.2.9 Zo at front panel con-
GS nectors. Compensated 

unity gain amplifier. 

3.2.10 Measured with 013-0044-00 
GS shield. 

3.2.11 Resistance and capacitance 
GS selected by front panel 

control. Other values may 
be connected externally. 

3.2.12 
IS 

About 2 gigohms with 
apparent shunt C ~25 pF. 

~100 megohms. 
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Characteristic 

Integration LF Cutoff 

Resistive Output Loading 

Capacitive Output Loading 

Closed-Loop Gain used for 
Offset Adjustment 

Crosstalk (amplified) 

Between Operational 
Amplifiers 

From Deflection Amp-
lifier to Operation-
al Amplifiers 

1.1.2 OPERATIONAL AMPLIFIERS l & 2 (continued) 

Performance Requirement 

~ 2 Hz, calculated from Rand C values 

Will drive 3.33 kQ, including feedback,~ ±25 Vat 
frequencies below 5 kHz 

~ 1000:1 (amplified) 

See page 1-1 for coding legend 

Code Supplemental Information 

3.2013 Other cutoff frequencies 
GS obtainable with external 

componentso 

3.2.14 Lower resistance can be 
GS driven with decreasing 

dynamic range. 

Typically limited only by 

output:;, however 6 dB/ 
octave rolloff somewhat 
distorted. (curves avail-
able in design history book) 

3.,2~15 ~ XlOO. 
G 

302.16 
IS 

~ 100:l (amplified) 



NO. 34OR-L35 DIETZGEN GRAPH PAPER 

LOGARITHMIC 

3 CYCLES X 5 CYCLES 

EUGENE '.J:ETZGEN C:::J. 
/v•-4.;:,:C: ~ 

Type 3A8, DC+ peak AC(Maximum Input Voltage) (1) .02, .05, .1 VOLTS/DIV 
(2) .2 to 10 VOLTS/DIV 

lOOHz 
lOOOV11 

9 
8 
7 
6 

5 

4 

3 

2 

lOOV1 
9 
8 
7 
6 

~ 

& 
5 

4 

3 

2 

lOVt 
9 
8 
7 
6 

5 

4 

3 

2 

AC portion to be derated with frequency as shown by curve 

lkHz lOkHz lOOkHz 1MHz 
2 3 2 3 4 567891 

10MHz 

Derate 
to Oat 
50 MHz 
from 
4 MHz 

Derate 
to Oat 
50 MHz 
from 
4 MHz 
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1.2 

Characteristic 

Temperature 

Nonoperating 

Operating 

Altitude 

Nonoperating 

Operating 

Vibration 

Operating 

Shock 

Nonoperating 

Transportation 

Package Vibration 

Package Drop 

:Environmental Characteristics 

Performance Requirement Code Supplemental Information 

The Type 3A8 is a laboratory instrument. The following environmental 
limits apply when tested as described in Section 4~o. 

-40°C to +65°c GS 

0°C to +50°C GS 

To 50,000 feet GS May be tested during non-
operating temperature tests 

To 15,000 feet GS 

15 minutes along each axis at Os015" with the GS Tested with instrument 
frequency varied from 10-50-10 c/s in 1-minute secured to vibration plat-
cycles. Three minutes at any resonent point or at form. 
50 c/s 

30 g, ¼ sine, 11 ms duration, 1 shock per axis GS Guillotine type shocks. 

1 hour, slightly in excess of 1 g GS Package should just leave 
the vibration surface. 

30 inches on l corner, all edges radiating from GS Total of 10 drops. 
that corner and all flat surfaces 

See page 1-1 for coding legend 





2@0 Miscellaneous Information 

2.1 Ventilation 

SECTION 2 

Ventilated via main-frame ventilation system. 

2.2 Finish 

Front panel has an anodized finish. 

2.3 Connectors 

Front panel connecters are BNC and banana jacks. 

2.4 Warm-Up Time 

Thirty minutes for rated accuracies at +25°C ~5°c. 

2.5 Dimensions 

14¼'1 L X 4)411 W X 6')4" H 

2e6 Weight 

Approximately 4.3 pounds. 
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SECTICN 3a0 

ELECTRICAL PERFORMANCE VALIDATION 

All tests in this section are performed with the Type 3A8 operating in a 560-
series oscilloscope (except Type 560). 

3.1 DEFLECTION AMPLIFIER 

3.1.1 Frequency Response 

Performance Requirement: de to~ 3.5 MHz 

Measurement: Measured at .02 VOLTS/DIV. Set the DISPLAY AMPLIFIER 
input coupling switch to DC. Connect a 50 kHz signal from a Type 
190B to EXT input and adjust Type 190B output amplitude to display 
4 vertical divisions. 

Leaving the Type 190B amplitude control at that setting, increase 
the frequency until the amplitude falls to 2.8 divisions, and note 
the Type 190B frequency reading. 

Check frequency response in both the NORM and INVERT positions. 

3.1.2 AC LF Response 

Performance Reguirement: ~ 2 Hz 

Measurement: Calculate from the values of input resistor and coup
ling capacitor as follows: 

f = 
1 

2 rr RC 

3.1.3 Transient Response 

Performance Requirement: Overshoot: < 1% pp~ 20°C to 30°C, ~ 5%@ 
0°C to +50°C, NORM polarity. 
~ 3% pp@ 20°c to 30°c, ~ 7% ~ 
0°C to +50°C, INVERT polarity. 

Ringing: s: O. 5% pp 

Hook: 

Rounding: 

s: 1% pp 

s: 1% pp 

Measurement: DC couple a Type TU-5 pulser to EXT input. Set VOLTS/ 
DIV at .02 and VARIABLE VOLTS/DIV at CAL. Obtain approximately 4 
divisions display amplitude using coaxial attenuators. Center the 
signal leading edge horizontally and vertically on the graticule. 
Check the peak-to-peak amplitude of deviation from square front cor
ner and flat top. With special Type TU-5 having negative-going out
put, also check bottom of squarewave. Check the positive and nega
tive going squarewaves in both positions of the NORM-INVERT switch. 
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3.1.4 Risetime 

Performance Requirement: .02 to 10 VOLTS/DIV: ~ 100 ns 

Measurement : A Type 109 with 120 ns charge line ( two Type 113' s) 
is DC coupled to EXT input and adjusted to display 5 divisions of 
vertical amplitude, centered in the graticule. Measure the time 
required for the leading edge of the signal to increase from 10% 
to 90% of its total amplitude. Effects of crt nonlinearity and 
trace orthogonality must be considered. 

With the NORM-INVERT switch at NORM, measure risetime at each 
calibrated setting of the VOLTS/DIV switch. Set NORM-INVERT switch 
at INVERT and check risetime at .02 VOLTS/DIV. 

3.1.5 Positioning Effect on Transient Resonse 

Performance Requirement: ~ 10% pp rounding with any portion of 
display off screen 

Measurement: Connect a Type 105 to EXT input. Set VOLTS/DIV switch 
to .02 and adjust the Type 105 for approximately 8 divisions. Use 
the POSITION control to check the pulse front corner and top at 
graticule top and bottom and at each division between. Express 
peak-to-peak aberration as a percentage of peak-to-peak signal amp
litude. 

3.1.6 VARIABLE Control Effect on Transient Response 

Performance Requirement: ~ 3% pp rounding or overshoot with any 
VARIABLE control setting (in addition to 
aberration at CALIB) 

Measurement: Using a 4-division calibrator display, turn VARIABLE 
VOLTS/DIV about half-way ccw from CAL, adjust signal for 4 divisions 
and measure aberration amplitude. Turn VARIABLE VOLTS/DIV fully ccw, 
adjust signal for 4 divisions and again measure aberration amplitude. 
Express aberration amplitude as a percentage of peak-to-peak signal 
amplitude, less the aberration found in CALIB. 

3.1.7 Low Frequency Linearity 

Performance Requirement: < 3% compression or expansion of 2.5 div 
signal positioned ~3 div from graticule 
center 

Measurement: Connect a 50 mV calibrator signal to EXT input. Set 
VOLTS/DIV to .02 and center display on the graticule. AC couple 
test-scope Type D inputs A and B to pins 17 and 21 of Type 3A8 inter
connecting plug. Adjust Type D controls to display 5-cm vertical 
amplitude. Use the Type 3A8 POSITION control to position the plug
in scope display 3 divisions up from the centered position. 

Note deviation of the test-scope display from 5 cm and express as 
a percentage of 5 cm. 

Repeat with the plug-in scope display 3 divisions down from the 
centered position. 
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3.1.8 DC Shift 

Performance Reguirement: ~ ±0.1 major div in 5 s, after 8 div 
deflection 

Measurement: Set input coupling switch at GND and connect 1.5 volts 
de from dry cell or ohmmetere Set sweep rate at l ms/cm and freerun 
the sweep. Position the trace 4 divisions below graticule center and 
set VOLTS/DIV at O.lo Set VARIABLE so that the applied voltage 
produces 8 cm of deflection when the input coupling switch is switch
ed between GND and DC. 

After at least 5 seconds at GND, switch coupling to DC. During the 
next 5 seconds, the trace must not shift from initial deflection by 
more than the amout specified in section l.l.le 

3.1.9 Input Characteristics 

Performance Requirement: Resistance: 1 megohm ±1.5% 

Time Constant: Standardized, with 47-pF 
standardizer, for~ 0.5% 
tilt or front corner round
ing of 1 kHz calibrator 
signal 

Measurement: Measure input resistance with resistance bridge having 
accuracy of 0.25% of better. 

Connect l kHz signal from calibrator, through 47 pF standardizer, to 
EXT input. Set display amplitude at 5 divisions and check peak-to
peak amplitude of tilt or front comer rounding@ Express as a per
centage of 5 divisions. 

3.1.10 VOLTS/DIV Accuracy 

Performance Requirement: ~ ±3%, after adjusting CAL for CP/4 error at 
.02 VOLTS/DIV 

Measurement: Connect a Standard Amplitude Calibrator to EXT input. 
Set VARIABLE VOLTS/DIV at CAL and check each setting of the VOLTS/DIV 
switch in accordance with the table below. 

VOLTS/DIV CALIBRATOR DIVISIONS OF 
SETTING VOLTS AMPLITUDE 

0.02 0.1 5 
0.05 0.2 4 
0.1 0.5 5 
0.2 1.0 5 
0.5 2.0 4 
1.0 5.0 5 
2.0 10.0 5 
5.0 20.0 4 

10.0 50.0 5 
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3.1.11 VARIABLE VOLTS/DIV Range 

Performance Requirement: ~ 2.5:1 

Measurement: Use a Standard Amplitude Calibrator (SAC) to set a 
test-scope Type D to 25 V/cm (adjust with VARIABLE MILLIVOLTS/CM). 

DC couple a 100 mV squarewave from SAC to EXT input. Set Type D 
A-B, AC coupled, and connect pins 17 and 21 of Type 3A8 interconnect
ing plug to inputs A and B of Type D. 

Set CAL for 75 volts pp output and note the plug-in scope display 
amplitude. 

Set VARIABLE for 1DJ.n1mum display and note amplitude. Range is ex
pressed as the ratio of initial display amplitude to the second dis
play amplitude. 

3.1.12 CAL Range 

Performance Requirement: 15.0 VOLTS/DIV to 24.2 VOLTS/DIV 

Measurement: Connect as in 3.1.11, and set CAL fully ccw. Check 
amplitude of test-scope signal for 75 volts or less. 

Turn CAL fully cw and check amplitude of test-scope signal for 121 
volts or more. 

Return CAL to calibrated position. 

3.1.13 DC Balance 

Performance Requirement: Coarse Range: t and -0.9V, :t 15%, (at V303B 
grid with Fine Bal centered) 
Fine Range : 6 0.25V, :t 10% (at V303B grid) 
Tube Bias Match: ~400 mV 

Measurement: Connect a voltmeter between the cathodes of V303 (test 
points 1 and 2). Center the Fine Bal control and check for>+ and 
-400 mV at test point 1, with respect to test point 2, when Coarse 
Bal is rotated throughout its range. Check that the total variation is 
1. 6 volts :t 20%. 

Set Coarse Bal for O volts between the test points. Rotate the Fine Bal 
throughout its range and check for a total variation of 225 mV :t 15%. 

This check must be made at the cathodes, although the performance re
quirement refers to the grid; therefore, the voltages and percentages 
of variation actually measured will be somewhat different. 

3.1.14 Positioning Range 

Performance Requirement: ~ :t8 div 

Measurement: Set POSITION control at midrange and NCRM-INVERT switch 
at NORM. Set VOLTS/DIV at .02 and AC couple a 100 kHz symmetrical 
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squarewave from Type 105 to EXT input and set amplitude for 8 divisions. 
BAL must also be correctly set prior to completion of this test. 

Turn POSITION control fully ccw. For any CRT in the stated sensitivity 
range, this should position the top of the squarewave at or below grati
cule bottom. Repeat for cw rotation and top of graticule. 

Change NORM-INVERT switch to INVERT and repeat. 

3.1.15 Positioning Effect on Polarity Balance 

Performance Requirement: Trace shifts< le5 minor div at any position 
on screen when NORM-INVERT switch position is changed. 

Measurement: Position a free-running trace at graticule center 
and adjust NORM-INVERT BAL for no vertical shift with NORM-INVERT 
switching. 

Position the trace at top of graticule and check trace shift caused 
by NORM-INVEkT switching. Repeat at bottom of graticule. 

3.1.16 Trace Shift with VARIABLE VOLTS/DIV 

Performance Requirement: ~ 1 major div 

Measurement: Set VOLTS/DIV at e02 and obtain a centered, free-running 
trace at 1 ms/div. Check NORM-INVERT BAL for proper adjustment. Rotate 
VARIABLE VOLTS/DIV through its entire range and note vertical shift. 

Repeat at top and bottom of graticule area. 

3.1.17 Maximum Input Voltage 

Performance Re uirement: ~ 600 V9 combined de (+) peak ac (AC or DC 
coupled to 200 Hz, decreasing to 20 V peak at 6 kHz. 

Measurement: Set VOLTS/DIV at .02 and coupling to AC. Apply specified 
maximum+ de voltage to input, charging the coupling capacitor. Dis
connect the voltage, reverse polarity, and reconnect. With the input 
capacitor now charged to the rated negative voltage, disconnect, again 
reverse polarity, and reconnect. 

Set coupling to DC and apply rated voltage of both polarities for at 
least 5 seconds. Failure of test indicated by destruction of tubes, 
transistors, or other components. 

The specification for ac input is based on calculated extension of 
proven de performance with consideration for those points at which 
the ac power will be dissipated. 

3.1.18 Overload Recovery 

Performance Requirement: <ls to within 75 mV for~ 100 volts input 

Measurement: Set VOLTS/DIV at .02 and input coupling at DC. Obtain 
a centered free-running trace at 1 s/div. Connect~ 100 volts de to 
EXT input, hold for 5 secondsg then removec 

The trace must return to within 75 mV of graticule center in less 
than l second after the voltage is removed. 
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3.1.19 Microphonics 

Performance Requirement: ~ 20 mV, referred to input 

Measurement: Set VOLTS/DIV at .02 and input selector at GND. 
Obtain a centered, free-running trace at 1 ms/div. Place base of 
Micro Shock Hammer on top of plug-in scope front panel, lift weight 
to top of rod and release. Note amplitude of resulting microphonic 
noise, if any. 

3.1.20 Crosstalk from Operational Amplifiers 

Performance Requirement: See Section 1.1.l (Supplemental Information). 

Measurement: Set both Operational Amplifier channels as follows: 

Zito .01 µF, Zf to .5 MO,± grid sel to(-), ADJUST switch to NORM. 

Apply a squarewave from Type 105 to CHl. Set Type 105 frequency to 
l kHz and Amplitude to produce a 50 V pp output from CHl. 

Set EXT-1-2 switch to EXT, AC-GNDnDC to DC, and VOLTS/DIV to .02, 
and measure display amplitude. 

Crosstalk Ratio 50 V 
display amplitude 

Connect the Type 105 to CH2 and repeat. 

3.1.21 Trigger Output 

Performance Requirement: DC Level: Adjustable to O V 
±0.2 V 

DC Level Adj Range: ~ 10 V 

Imped81Ilce: ~ 4oo Q at 1 MHz 

Bandwidth: ~ 3 MHz, referred to 
front panel input with 
~ 1 div display 

Amplitude: 2.3 to 4.5 V pp per dis
played division, depend
ing upon crt sensitivity 

Measurement: (DC Level) Obtain a centered free-running trace. AC 
couple a test scope at .1 V/div to pin 11 of the interconnecting plug. 
Set test scope for free-running trace at 1 ms/div and center the trace. 
Switch test scope coupling to DC and note trace deflection from grati
cule center. 

(DC Level Adj Range) Set test scope, connected as above, for 2 V/cm. 
Turn DC Level Adj from extreme to extreme and check test-scope trace 
shift for 5 cm or more. 
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(Impedance) Disconnect the 9-3 wire from pin (P) on the back side of 
the Output Boardo 

Connect a 1 MHz signal from Type 190B to EXT input. Set VOLTS/DIV 
at .02 and adjust Type 190B for a 1-division display. 

Use test-scope to measure open-circuit amplitude of the signal at 
test point 6 on the Output Board. 

Connect a precision (±1%) 400 Q resistor in series withal µF 
discap. between test point 6 and ground. 

Second (loaded) measurement should be~¼ of first (open-circuit) 
measurement. 

Remove resistor-capacitor combination and reconnect 9-3 wire to pin 
(P). 

(Bandwidth) Disconnect 9-3 wire from pin (P) and install a 100 pF 
capacitor from test point 6 to ground. 

Connect Type 190B to EXT input, and obtain a 50 kHz, 1-div display. 

Connect test-scope to test point 6 and adjust VOLTS/DIV and VARIABLE 
for 4-cm display. 

Increase 190B frequency until test-scope display decreases to 2.8 cm. 
Note the frequency. 

Remove the capacitor and reconnect the 9-3 wire to pin (P). 

(Amplitude) Use test-scope to monitor deflection plate at pin 21 of 
Pll. Apply calibrator signal to Type 3A8. Set Type 3A8 VOLTS/DIV 
and VARIABLE for 3 volts pp at pin 21. Check for 0.94 to 1.1 V pp 
signal at test point 6 on Output Board. 

3.2 OPERATIONAL AMPLIFIERS 

3.2.l Open-Loop Gain-Bandwidth Product 

Performance Requirement: ~ 10 MHz 

Measurement: Set Operational Amplifier for .01 µF Zi and 200 k Q Zf. 
Establish a 50 kHz reference signal from a Type 190B on a 50 MHz test 
scope at 4 divisions (approximately 200 mV pp). 

Connect Type 190B to the Operational Amplifier INPUT and monitor 
Operational Amplifier OUTPUT with the test scope. (Connect Opera
tional Amplifier to test scope with not more than 18 inches of 50 Q 
coaxial cable)$ 

Increase Type 190B frequency until the Operational Amplifier output 
falls to the reference level on test scopee 
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3.2.2 

3.2.3 

3.2.4 

Closed-Loop Gain-Bandwidth for any combination of Ri and Rf Providing 
~ Unity Gain 

Performance Requirement: 50 kHz min, uncompensated (to -3(:f)/4 point) 
8.5 MHz min, compensated (to -30% point) 

Measurement: (Uncompensated) Check all Ri and Rf combinations which 
provide a gain of unity or higher. 

Use sinewave oscillators such as H-P 651A and Type 190B for required 
frequency range. Drive Ri with sufficient amplitude to produce 
about 1 V pp output at low-frequency reference. 

Monitor output with test-scope. Increase frequency and determine 
output -3c:J!/4 point. Multiply latter frequency by Zf/Zi to determine 
gain-bandwidth product. 

(Compensated) Attach Compensating Adapter. Use Type 105 at frequen
cies under 10 kHz to adjust Adapter for each Ri and Rf combination to 
be checked. Check same combinations as for uncompensated. Perform 
test in same manner as uncompensated. 

Open Loop DC Gain 

Performance Requirement: ~ 15,000 

Measurement: Set Zf at 1 megohm and connect a shorting bar for Zi. 
Apply 1 mV from 60 Hz calibrator. Set Zf at EXT and check for at least 
15 V pp squarewave output. It will probably be necessary to slowly 
and carefully adjust OFFSET for correct output de level before measure
ment can be made. 

Output Range 

Performance Requirement: Voltage: ~ ±25 V 

Current: ~ 7.5 mA, including feedback current 

Measurement: Set Zf at .5 megohm and Zi at .01 megohm. Connect a 1 
kHz signal from an Audio Generator. Connect a 3.34 k Q resistor from 
Output to ground. 

Output must swing beyond ±25 volts before clipping occurs. (See note 
under 3.2.5). 

Input Common-Mode Range 

Connect Audio Sinewave Generator to the Type 3A8 as follows: 

Performance Requirement: ~ ±25 V 
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3.2.6 

3.2.8 

Measurement: Connect Audio Sinewave Generator to the Type 3A8 as 
follows: 

Audio Sinewave 
Generator~ 100 Hz 

l megohm 

~: 5. 1 megohm 

"B" 
50 V p-p 
output 

Used to amplify 
signal to 50 V pp 

Operational Amplifier being 
tested. Clipping should not 
occur within stated common
mode range .. 

Note: Some ainewave generators have a small de component in the 
output. A small current of opposite polarity can be inserted 
at point uA11 to make the output symmetrical about ground. A 
large coupling capacitor can also be used* 

Long-Term Trace Drift 

Performance Requirement: ~ 500 µV (referred to input) per hour after 
30 min warm-up at constant ambient tempera= 
ture and line voltage averaged over a 10 
hour periodo 

Measurement: Set OFFSET at ADJUST. Allow 15 minutes warm-up, null 
offset, then allow an additional 15 minutes warm-up. Record output 
voltage for 10 hours §fter the 30 minute warm-up periodo Divide peak
to-peak voltage excursion by 1000 for drift/hour referred to inputs 

OFFSET (output de level) 

Performance Requirement: Adjustable to zero 

Measurement: With LF REJ-NORM-ADJUST at ADJUST, connect a voltmeter 
to the output and adjust OFFSET, checking for zero meter indication. 

Grid Current 

Performance Requirement: zero ±50 picoamps, as seen at input connec
tors with same ambient temperature and line 
voltage as during calibration 
zero ±200 picoamps, 0°C to +50°C 

Measurement: Carefully adjust OFFSET. Connect Test Fixture 
(067-0507-00) to front panel jacks. The Fixture contains two 1000 pF 
pF caps, each paralleled by normally closed push-button switches. 

Install the test fixture with± GRID SEL switch set to(+). Set 
TIME/DIV at 1 SEC. 
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Push the+ GRID button when the spot crosses a verticle graticule 
line and measure vertical spot movement in next 5 divisions of 
horizontal movement. Repeat with - GRID button. 

103 E 
Picoamperes = --r-

Output Impedances 

E in volts 
tin seconds 

Performance Requirement: ~ 30 Q at 1 MHz 

Measurement: Set Zi and Zf at 1 M Q. Connect and properly adjust 
Como€nsating Adapter. Use the following circuit: 

Solve for Ro 

R Ex X 500 Q Ex 
0 111::1 2 volts ~ i.iiii. 

3.2.10 Noise 

Performance Requirement: Zi at 10 k Q, Zf at 1 
M 0, input grounded: 

(-) grid shorted to 
output: 

~ 25 mV pp (1 Hz to 
15 MHz) 

~ 2 mV pp (1 Hz to 
15 MHz) 

Measurement: Set Zf at 1 megohm, install 013-0044-00 shield, and 
measure amplitude of output noise with~ 15 MHz test scope. Remove 
shield and place shorting bar across Zf. Measure noise amplitude on 
test scope. 

3.2.11 Zi and Zf Accuracy 

Performance Requirement: Resistance: .01, .1, .2, .5, and 1 megohm; 
±1% 

Capacitance: 10 pF, adjustable (temp coef 
±300 ppm/°C) 
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Measurement: (Resistance and Accuracy) Check each position of Zi 
and Zf switch with a resistance bridge connected from - GRID INPUT to 
INPUT or OUTPUT. 

(Capacitance and Accuracy) Check each position of Zi and Zf switch, 
except 10 and 100 pF, with a capacitance bridge connected from 
- GRID INPUT to INPUT or OUTPUT and guard terminal connected to 
ground. 

3.2el2 (+) Grid Input Resistance and Capacitance (connected as unity gain 
amplifier) 

Performance Requirement: See Section 1.1.2 (Supplemental Information) 

Measurement: Connect a 50 megohm resistor and a normally-closed push 
button switch as indicated in the drawing. Set OFFSET and Ig for zero. 
Apply 10-V pp, 60-Hz signal from calibrator. Switch closed should 
provide unity gain. Switch open (pressed) will provide a reduction 
in output voltage. Apparent resistance (ra) is then calculated as 
follows: 

E out 
E in 

60 Hz Calibrator 
@ 10 V pp 

= ____ ra ____ _ 

50 megohms + ra. 

,,,.. ...... +difference 
-- • ·,1 .. ,, 

:, 

-..; !+- Time to 63% 

With same setup as for input R check, push button and measure rise 
time constant (0-63%). Solve for capacitance: 

tin seconds Input C ~ 
5 X 107 '2 

3.2.13 Integration LF Cutoff 

Performance Requirement: ~ 2 Hz, calculated from Rand C values 

Measurement: Calculated from Rand C values. 

100 k Q l megohm 
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3.2.14 Resistive Output Loading 

Performance Reg,uiremen t: 

Measurement: Calculated 

3.2.15 Closed-Loop Gain used for 

Performance Requirement: 

Measurement: Calculated 

Will drive 3.33 k Q, including feedback, 
:1!: ±25 V at frequencies below 5 kHz 

from Output voltage and current. 

22 V 
7•5 mA ~ 3.33 k Q 

Offset Adjustment 

See Section 1.1.2 (Supplemental 

from resistor values. 

1 megohm '11:1 XlOO 
10 k Q 

Information) 

3.2.16 Crosstalk (amplified) 

Performance Requirement: Between Operational 
Amplifiers: 

From Deflection Ampli
fier to Operational 
Amplifiers: 

~ 1000:l (amplified) 

(See Section 1.1~2 
Supplemental Infor
mation) 

Measurement: 
amplifier to 
1 kHz signal 
±25 v. 

(Between Operational Amplifiers) Set transmitting 
differentiate; Zi at .01 µF and Zf at .5 M Q. Apply 
from Type 105 with sufficient amplitude to swing output 

Set receiving amplifier for unity gain, uncompensated with INPUT 
grounded. Use l M Q Zi and Zf. Ground the+ grid and use a test 
scope with~ 15 MHz bandwidth to measure output of receiving amplifier. 

Amplified crosstalk is expressed as the ratio of 50 V pp to the 
measured output of the receiving amplifier. 

(From Deflection Amplifier to Operational Amplifiers) AC couple 6-V 
pp 3-MHz signal from Type 190B to 3A8 Deflection Amplifier at .02 
VOLTS/DIV. 

Set receiving Operational Amplifier Zf at l M Q. 

Use a test scope with~ 10 MHz bandwidth to measure the amplified 
output of the receiving Operational Amplifier. 

Crosstalk (amplified) is expressed as the ratio of 6 V pp to the 
measured output. 
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SECTION 4.,0 

ENVIRONMENTAL PERFORMANCE VALIDATION 

Perform all tests in a single chamber and, when changing chamber ambient 
temperature, do not exceed a change rate of 5°c per minutee 

Perform all electrical tests, described in Section 3.0, at 25°Ce 
Then turn the instrument off and store at -40°C ambient for 4 hourae 

Change ambient temperature to +65°C and again store for 4 hours. 

Return the ambient temperature to 25°c, allow 4 hours for stabiliza= 
tion, and again perform all electrical tests® 

Failure Criteria 

Instrument and components must neet performance requirements before 
and after storage® If necessary, internal or external adjustments 
may be performed to meet required accuracies® 

Cracking, warping, discoloration or any deformation which interferes 
with a normal mechanical function also constitutes failure. 

Perform all electrical tests, described in Section 3.0., at 25@CQ 

With the instrument turned off, change ambient temperature to 0°C 
and allow the instrument to stabilize for 4 hourse At the end of 
this period, turn the instrument on, allow 20 minutes for warm up, 
then check accuracy and operation of all front-panel functions. 

With the instrument operating, change the chamber ambient temperature 
to +50°C and allow 4 hours stabilization. At the end of 4 hours, 
again check the accuracy and operation of all front-panel functions@ 

Return the instrument to 25°c, allow 4 hours for stabilization, 
then perform all electrical tests described in Section 3.0$ 

Failure Criteria 

Instrument must meet performance requirements at each step in the 
test. Controls and switches must operate normally. 
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4.2 Altitude 

Altitudes described in this section are referred to sea level. "Normal 
altitude", when used, refers to the natural elevation (outside the chamber) 
of the test facility site. 

4.2.1 Nonoperating 

Perform all electrical tests described in Section 3.0 at 25°C and 
normal altitude. Then store, with the instrument turned off, for 
4 hours at 50,000 feet and -40°C. 

Return the chamber to normal altitude and 25°C and allow 4 hours 
for stabilization. At the end of this period, repeat the electrical 
tests. 

This test may be performed with the nonoperating temperature test 
(4.1.1). 

Failure Criteria 

The instrument must meet performance requirements before and after 
the altitude test, and must experience no cracking or warping, nor 
any deformation which interferes with a normal mechanical function. 

4.2.2 Operating 

Perform all electrical tests described in Section 3.0 at 25°C and at 
normal altitude. 

Operate the instrument for 4 hours at 15,000 feet. At the end of 
this period, maintain that altitude and measure accuracy and oper
ation of front-panel functions. 

When necessary, open the vacuum chamber and perform required switch
ing as rapidly as possible. Then return the chamber to the specified 
altitude and allow 1 hour for stabilization before continuing the 
tests. 

Return the instrument ot normal altitude and repeat all electrical 
tests described in Section 3.0. 

Failure Criteria 

Instrument will meet performance requirements before, during, and 
after the operating altitude tests. Any evidence of malfuction 
constitutes failure. 
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4e3 Vibration 

4®4 Shock 

Perform all electrical tests described in Section 3@0 before vibrat
ing the instrument. 

Fasten the instrument securely to the vibration platform@ 

With the instrument operatingi vibrate for 15 minutes along each of 
the three axes at a total displacement of 0 9 015 11 (L9 g 1 s at 50 c/s) 
and with the frequency varied from 10-50-10 c/s in l minute cycles. 
Hold at any resonant point for three minutess 

If no resonances are present, vibrate at 50 c/s for three minutes in 
each axis for a total vibration time of about fifty-five minutes., 

Turn off the vibration platform and repeat ell electrical tests des
cribed in Section 3~0@ 

Failure Criteria 

The instrument nrust meet performance requirements before and after 
the vibration tests. (Sporadic output during vibr~tion is permis
sable.) 

Mechanical failures are indicated by: 

Broken leads 
Broken chassis 
Broken components 
Loose parts 
Excessive wear 
Component fatigue 
Change in component value ouside rated tolerance 
Information which interferes with a normal mechanical function 

Test will be completely rerun after repairing any of these failures 
except vacuum tubes® Vacuum tubes may be replaced and the test 
continued at the point of failure® 

Perform all electrical tests described in Section 3@0 before pro
ceeding with the shock test0 

Subject the instrument to guillotine type shicks of 30 gt¼ sine, 
11 ms durationi l such shock each direction along each of the 3 
major axis for a total of 6 shocks$ 

Repeat all electrical tests described in Section 3.00 
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Failure Criteria 

The instrument will meet performance requirements before and after 
the shock tests. 

There must be no cracked or broken chassis, components or leads; 
component deformation of 0.001 11 or more; nor any deformation which 
interferes with a normal mechanical function. 

4.5 Transportation 

Perform all tests described in Section 3.0 before conducting the transpor
tation tests, then place the instrument in the carton in the manner in 
which it is normally shipped. 

4.5.1 Package vibration 

Vibrate for l hour in a manner causing the package to just leave the 
vibration platform (slightly in excess of 1 g)$ 

4.5.2 Package Drop 

Drop the package from a height of 30 inches on one corner, on all 
edges radiating from that corner, and on all flat surfaces for a 
total of 10 drops. 

Repeat all electrical tests described in Section 3.0. 

Failure Criteria 

The instrument must meet performance requirements before and after 
the transportation tests. There must be no broken components, leads, 
or chassis members, nor any deformation which interferes with a 
normal mechanical function. 

4-4 



ENGINEERING 

INSTRUMENT SPECIFICATION 

CHANGE REQUEST 

Changes to Ehgineering Instrument Specifications are initiQted on this formG 
~il the completed form to PREPROD. ENG. EVAL. TECH. WRITil1G. The request 
will be processed by that organization and, if approved~ th@ revision ~ccomp
lished. 

Specific~tion #~-------~--Dated ________ ~-=~---~ 
Instrument Type ---------~------~--~--~-~---~-

Requested by: 

Approval: (please initial in one of the spaces provided) 

~ke this crum.ge immediately 

Do not make this change 

Change at next tm1.jor rewrite 

Tech 
Fd 





ENGINEERING 

INSTRUMENT SPECIFICATION 

CHANGE REQUEST 

Changes to Engineering Instrument Speeifications are initiated on this form® 
Mail the completed form to PREPROD. ENG. EVALo TECH. WRITINGa The request 
will be processed by th@t organization and, if approved, the revision ~ccomp
lished. 

Change to:_~-----~-~---~--------~-~-----~--

Requested by: 

Approwl~ (please initial in one of the spaees provided) 

~ke this change immediately 

Do not make this change 

Tech 
Ed 





ENGINEERING 

INSTRUMENT SPECIFICATION 

CHANGE ~UEST 

Changes to Engineering Instrument Specifications are initiated on this form@ 
~il the completed form to PREPROD. ENG. EVAL. TECH. WRITING. '!he request 
will be processed by that organization and, if approved, the revision accomp
lished. 

Instrument Type -~-----~-----~----~--~-------

Change to=--------~------~---------~-----

Requested by~ 

Approviill: (please initial in one of the spaces provided) 

Do not make this change 

Ch~nge at next mjor rewrite 









)> 
0 
< m 
:;:o 
--f 
en 
z 
G) 

J 





z 
(' 





FACTORY TEST LIMITS 

QUALIFICATION 

Factory test limits are qualified by the 
conditions specified in the main body of 
the factory calibration procedure. In
struments may not meet factory test limits 
if calibration or checkout methods and 
test equipment differ substantially from 
those in the factory procedure. 

These limits usually are tighter than ad
vertised performance requirements, thus 
helping to insure the instrument will meet 
or.be within advertised performance re
quirements after shipment and during sub
sequent recalibrations. Instruments that 
have left the factory may not meet factory 
test limits but should meet catalog or in
struction manual performance requirements. 

DC BALANCE 

Bal (Coarse) 
+ & - 0.28V, 
Total range: 
Bal (Coarse) 
BAL range: 

range at TP 1: 
min, from voltage at TP2 

1.6V, ±20%, max 
trace shift: l div, max 

total range: 225mV, ±15%, max 
VARIABLE balance trace shift: 1 div, max 
NORM-INVERT balance trace shift: 1.5 minor 

div, max 

GRID CURRENT AND MICROPHONICS 

Grid current 
trace shift: l minor div (4nA) max 
Microphonics .5 div, max 

DEFLECTION PLATE DC LEVEL 

175V, ±5V, max 

CAL AND VARIABLE 

CAL range: 75V to 121V 
Check VARIABLE attenuation 
ratio: 2.5:1, min 

AC COUPLING AND LF LINEARITY 

Check lf linearity 
compression or expansion: 3%, max 

TEK 3A8 PRB 2-2-66 

VOLTS/DIV ACCURACY 

±2%, max 

TRIGGER OUPTUT 

Sig/Trig DC Level 
Range from zero: 
Sig/Trig DC Level: 
Trigger amplitude: 

range: lOV, min 
+ & - lV, min 

zero, ±Q.2V, max 
0.94 to l.lV pp 

HIGH FREQUENCY COMPENSATIONS 

L334, L434, L444 -- NORM overshoot: 
1%, max 

INVERT overshoot: 3%, max 
NORM and INVERT ringing: 0.5% pp, 

max 
NORM and INVERT hook: 1% pp, max 
NORM and INVERT rolloff: 1%, max 

POSITIONING AND VARIABLE VS TRANSIENT 
RESPONSE 

POSITION range: + & - 8 div, min 
Positioning vs transient response 
rolloff: 10%, max 
VARIABLE vs transient response -
rolloff or overshoot: 3% pp, max 

RISETIME 

lOOns, max 

BANDPASS 

DC to 3.5 MHz at 3dB down 

INPUT CAPACITANCE AND VOLTS/DIV 
COMPENSATION 

Rollo££, overshoot or hook: 1% pp 
max; tilt: 0.5% pp, max 

OUTPUT DC LEVEL 

OFFSET range -- minimum+ & -

range from zero: 15% of total range 
OFFSET 
output DC level: OV, ±50mV, max 

1 



Test Limits - continued 

OPEN LOOP GAIN 

16,000, min 

OUTPUT VOLTAGE,, CURRENT AND CONNECTORS 

Voltage output: 
Current output: 

+ & - 25V, 
7.5mA, min 

GRID CURRENT NEUTRALIZATION 

+ lg and - lg 
lOpA, max 

NOISE 

min 

Noise, INPUT grounded: 25mV pp, max 
Noise, Zf shorted: 2mV pp, max 

GAIN BANDWIDTH PRODUCT 

Gain bandwidth product: 11.5 MHz, min 
Unity gain bandwidth, uncompensated, 
50 kHz, min at 3dB down 

THE FOLLOWING CHECKS ARE NOT MADE ON 100% 
OF THE INSTRUMENTS BUT ARE DONE ON A 
SAMPLING BASIS. 

> UNITY GAIN BANDWIDTH, UNCOMPENSATED 

50 kHz, min, at 3dB down 

> UNITY GAIN BANDWIDTH, COMPENSATED 

8.5 MHz, min, at 3dB down 

OUTPUT IMPEDANCE 

30Q, max 

INPUT COMMON-MODE RANGE 

INPUT common-mode range: + & - 25V, min 

CROSSTALK (AMPLIFIED) BETWEEN OPERATIONAL 
AMPLIFIERS 

50mV, max 

2 

DC SHIFT 

DC Shift: ±0.5 minor div, max 

MAXIMUM INPUT VOLTAGE AND OVERLOAD 
RECOVERY TIME. 

Coupling capacitor 
max DC signal: + & - 600 VDC 
Overload protection circuit 
max non-destruct voltage: 

+ or - 600 VDC 
Overload recovery 
Recovery time: ls, max 
Recovery level: 75mV, max 

AC LF RESPONSE 

2 Hz, max, at 3dB down 

TRIGGER OUTPUT BANDWIDTH AND IMPEDANCE 

Bandwidth 2.5MHz, min at 3dB down 
Output impedance 400Q, max 

2-2-66 TEK 3A8 PRB 
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CAPACITOR TYPE CHANGED 
TO FACILITATE ASSEMBLY 

Effective Prod s/n 131 

FRONT PANEL SYMPTOM: None. 

INFORMATION ONLY Pi lOT-1 * 

PROBLEM: It was necessary to bend the terminals on C6, C16, CW and C20 (5.5-18pf) in 
order to insta II them in the instrument. 

PRODUCTION CHANGE: 

Capacitors C6, C16, ClO and C20 (5.5-18pF) were replaced with a type having the 
terminals already bent. The new capacitor is the same in ail other respects. 

Parts Removed: 

C6,Cl6,Cl0,C20 Capacitor, var cer, 5.5-18pF NPO 281-0061-00 

Parts Added: 

C6,C 16, C 10,C20 Capacitor, var cer, 5.5-18 pF NPO 281-0094-00 

* Pilot-1, 2, etc, designate modifications installed in Pilot Production that were not 
assigned a standard mod number. 

OPERATIONAL AMPLIFIER TOROID 
CHANGED BECAUSE OF CORE 
MATERIAL A VAi LABI LI TY 

Effective Prod s/n 171 

FRONT PANEL SYMPTOM: None 

INFORMATION ONLY Pl LOT-2 

PROBLEM: The core material (type 101) used for ll65 and Ll68 (120-0304-00) is no longer 
available. 

PRODUCTION CHANGE: l165 and l168 were changed on each circuit board from 
120-0304-00 to 120-0402-00, which has approximately the same loss and about 
60% of the inductance. 

Parts Removed: 

ll 65, Ll 78 

Parts Added: 

Ll65, l178 

11-30-65 

Toroid 120-0304-00 

Toroid 120-0402-00 

3A8 MODIFICATION SUMMARY Page 3 



ATTEN CAPACITORS CHANGED TO 
IMPROVE !- 10 SECTION COMPENSATION See SQB Ml0545 

Effective Prod SN 220 Usable in field instruments SN 100-219 

FRONT PANEL SYMPTOM: Slight front corner aberration of the calibrator square wave 
in the 0.5 and 1 VOLTS/DIV position of the attenuator. 

PROBLEM: The capacitance distribution in the ~ 10 attenuator section was not propor
tioned properly. This allowed small variations in the capacitive load to the ; 10 
attenuator to affect the compensation. The aberration could not be tuned out with-
out detuning the~ 2-1/2, 5 or 10 attenuator sections. All instruments were shipped 
meeting specifications. Any instrument that wouldn't ad i ust properly was reworked 
to incorporate this mod. Therefore, it should show up in the field only if the attenua · 
tor switch is repaired or replaced. 

PRODUCTION CHANGE: The capacitance of the :- 10 attenuator was redistributed by 
changing the values of C210A, C and E. See schematic. 

Parts Removed: 

C210A-C210E 
C210C 

Parts Added: 

C210A, 
C210C 
C210E 

Capacitor, ceramic 10 pF 500 V 
Capacitor, var, air 1. 4-7. 3 pF 

Capacitor, ceramic 5. 6 pF 500 V 
Capacitor, var, air l.8-13pF 
Capacitor, ceramic, 4 7 pF 500 V 

INSTALLATION INSTRUCTIONS: 

Parts Required: See 'Parts Added'. 

Installation Procedure: 

(2) 281-0504-00 
281-0100-00 

281-0544-00 
281-0103-00 
281-0622-00 

Remove both attenuator switch covers and replace the capacitors as indicated (see drawing 
for locations). 

V 

C21DA 

Page 4 

CHASSIS 
4+1-01oso-oo 

.S.1 >----e 

.2 I-----"' 
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DISPLAY AMPLIFIER 
TUBE REPLACED TO 
REDUCE TRACE SHIFT 

Effective Prod s/n 320 

See SQB M10617 

Usable in field instruments s/n 100- 319 

FRONT PANEL SYMPTOM: Excessive trace shift with operation of VARIABLE VOLTS/DIV 
control. 

PROBLEM: Bias on V303 (154-0413-00) changes with age, causing the Display Amplifier to 
drift out of balance when cycled in production. 

PRODUCTION CHANGE: V303 was replaced with a tube that was aged 100 hours. 

Parts Removed: 

V303 

Parts Added: 

V303 

Tube, 8416, raw vacuum 

Tube, 8416, checked, aged 100 hours 

INSTAllA TION INSTRUCTIONS: 

Parts Required: 

See 'Parts Added'. 

Installation Procedure: 

Replace V303 with the aged tube (157-0116-00). 

9-21-66 3A8 MODIFICATION SUMMARY 
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AMPHENOL CONNECTOR PIN 
GROUNDED TO PREVENT POSSIBLE 
INTENSITY MODULATION 

Effective Prod s/n 320 

See SQB 

Usable in field instruments s/n 100- 319 

FRONT PANEL SYMPTOM: 60-cycle intensity modulation of the trace. 

PROBLEM: When used in a 560 series instrument without a CHOPPED BLANKING switch, 
or when the switch is in CHOPPED BLANKING position, a low-intensity trace is 

M10730 

Ii ke ly to be intensity-modulated with 60-cyc le pickup from heater-cathode coup ling. 

PRODUCTION CHANGE: A ground strap was added to pin 24 of the Amphenol connector. 

Parts Removed: 

Screw, 4-40 x 1/ 4 PHS 

Parts Added: 

Screw, 4-40 x 5/16 PHS 
Lug, solder, SE4 

INSTALLATION INSTRUCTIONS: 

Parts Required: 

See I Parts Added'. 

Installation Procedure: 

211-0008-00 

211-0097-00 
210-0201-00 

Replace Amphenol connector mounting screw (1/4 in.) near the smaller diameter guide 
pin with longer screw (5/16 in.) and add solder lug under Keps nut. Add a #22 wire 
strap from pin 24 of Amphenol connector to solder lug. 

Zi-Zf SWITCHES MODIFIED TO 
REMOVE UNNECESSARY RESISTOR 

Effective Prod SN 420 

FRONT PANEL SYMPTOM: None. 

INFORMATION ONLY M 11960 

PROBLEM: During evaluation and design some operation amps were found to oscillate when 
using capacitors for input and feedback elements. R21 was installed as the cure. More 
work resulted in elimination of oscillation instead of merely 'hiding' it. R21 was no 
longer needed and it was electrically, but not physically, removed from the circuit. 

PRODUCTION CHANGE: R21, a 47Q 1/4W 5% resistor, was removed from each channel. 

Parts Removed: 

R21 Resistor, comp, 47Q l/4W 5% 315-0470-00 

JT:fb 
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COUPLERS CHANGED ON POT SHAFTS 
TO REDUCE MIS-ALIGNMENT AND 
BINDING 

Effective Prod SN 560 

INFORMATION ONLY Ml2572 

FRONT PANEL SYMPTOM: Some front panel screw driver adjustments are binding. 

PROBLEM: Solid couplers used between potentiometers and extension shafts cause mis
alignment and binding. 

PRODUCTION CHANGE: The solid coupler was changed to a flexible type. This change 
necessitates changing the length of the 384-0376-00 shaft from 6. 300 to 6. 238 inches. 

Parts Removed: 

Parts Added: 

Coupling, shaft l/4D x 1/2 Long 

Coupling, flexible 1/8 to 1/8 

OPERATIONAL AMPLIFIERS Ql04 
CHANGED TO MAINTAIN OPEN LOOP 
DC GAIN IN NEGATIVE OFFSET DIRECTION 

Effective Prod Operational Amp Card Model 2 

INFORMATION ONLY 

376-0029-00 

376-0051-00 

Ml2686-l 

FRONT PANEL SYMPTOM: Low gain indication when amplifier is offset near its -25 V 
negative excursion limit. 

PROBLEM: Ql04 collector impedance changes as a function of Vee· Minimum impedance 
occurs at maximum Vee and maximum Vee occurs at maximum negative offset. 
Some 151-0133-00 transistors used at Ql04 may change collector impedance enough to 
decrease open loop gain below 16000 minimum. 

PRODUCTION CHANGE: The transistor type used at Ql04 was changed from a 151-0133-00 
to a 153-0555-00. The new transistor used is a 151-0133-00 selected for BVceo of 
70V minimum at 0.1 ma. This is not the limiting parameter in this application but 
it is a much easier check to perform than a collector impedance (hoe) check at the 
low current levels involved. 

Parts Removed: 

Q104 

Parts Added: 

Q104 

1-26-68 

Transistor, silicon Tektronix 
spec similar MM999 

Transistor, 151-0133-00 selected 
for 70 V min. BVceo at 0.1 ma 

3A8 MODIFICATION SUMMARY 

151-0133-00 

153-0555-00 

Page 7 



OPERATIONAL AMPLIFIERS C90 AND 
L90 REMOVED FOR Q93 "WARMUP" 
PROTECTION 

Effective Prod Operational Amp Card Model 2 

FRONT PANEL SYMPTOM: None given. 

INFORMATION ONLY 

PROBLEM: During warm up the BV cbo rating of Q93 may be exceeded because of an 
approximate 1. 5 ms time lag between the base and collector of Q93. 

Ml268p 

PRODUCTION CHANGE: Eliminate the inability of the base of Q93 to follow its collector 
more closely by removing C90 and L90 from the base circuit. 

Parts Removed: 

L90 
C90 

Parts Added: 

BE:pm 

Page 8 

Core, ferramic suppressor O. 6 µH 
Cap., cer. 0.01 µF 150 V 

None 

3A8 MODIFICATION SUMMARY 
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Type 3A8 

WARRANTY· 
All Tektronix instrum.eMs .are warranJed 

against defe.ctive materials .ond we>wkmqn
ship for one year. Tektronix trc:msf9rr(ler~, 
manufactured in our own plant, cfre war-: 
ranted for the life of the instrument. 

Any questions with respect to the war
rcrnty mentioned above should be taken up 
with your Tektronix Field Engineer. 

Tektronix repair and replacement-part 
service is geared directly to the field, there
fore all requests for repairs and replace
ment parts should be directed to the Tek
trQnix Field Office or Representative in your 
orea. This procedure will assure you the 
fastest possible service. Please include. the 
instrument Type and Serial number with oil 
requests for parts or service. 

Specifications and price change priv
ileges reserved. 

Copyright © 1965 by Tektronix, Inc., 
Beaverton, Oregon. Prin.ted in the United 
States of America. All rights reserved. 
Contents of this publication may not be 
reproduced in any form without permis
sion of the copyright owner. 
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SECTION 1 

CHARACTERISTICS 

Introduction 

The Type 3A8 Operational Amplifier is designed to 
operate in all Tektronix 560-Series oscilloscopes (except 
the Type 560 itself) or with the Type 129 Plug-In Power 
Supply Unit. 

The Type 3A8 contains two separate but identical Op
erational Amplifiers plus a Display Amplifier. The Display 
Amplifier monitors the output of either Operational Am
plifier or it can be used as an independent oscilloscope 
amplifier. 

Each Operational Amplifier is a high-gain amplifier with 
selected input and feedback impedances. The combina
tion of input or feedback impedances and their ratio de
termines the operation the amplifier will perform. This 
can be used in applications involving precise integration, 
d;fferentiation, linear and non-linear amplification, sum
mation, phase inversion and many others. 

The Type 3A8 with Log Adapter (013-0067-00) allows 
the display and measurement of high-amplitude signals 

mixed with low-amplitude signals. Pulses and transient 
signals spanning three voltage decades to -+ 100 V can 
be displayed and measured on the same trace. 

The Type 3A8 with Gating Adapter (013-0068-00) allows 
repetitive signals with a net integral other than zero to 
be integrated and displayed. Without the Gating Adapt
er, true integration of such repetitive signals is difficult or 
impossible since the integral will rapidly accumulate beyond 
the range of the Type 3A8. 

The Type 3A8 with Leakage Current Adapter (013-0086-
00) allows measurement of reverse leakage in semicon
ductor diodes and in small-signal transistors in a diode
connected configuration. The Leakage Current Adapter 
requires an external sawtooth drive to + 150 V; a Type 
2B67 incorporating Mod 120 H can be used for this func
tion. 

The Type 3A8 with Compensating Adapter (013-0081-
00) extends the closed-loop frequency performance of the 
Operational Amplifiers. The adapter compensates for stray 
capacitance associated with the internal Zi and Zr resis
tors, providing an adjustment for optimum HF response. 

DISPLAY AMPLIFIER 

Characteristic Performance Requirement Supplemental Information 

Bandpass DC to ~ 3.5 MHz @-3dB With 50 kHz 4-division reference. Meas-
ured at 0.02 Volts/Div. 

AC LF Response ~ 2 Hz @-3dB Calculated from input resistor and coupling 
capacitor. 

Frequency 
1 

= ---
21rRC 

Risetime 

0.02 to lOV/div < 100 ns 

Transient Response 

Overshoot S l % at 20°C to 30°C, s 5% at 0°C to 
50°C, NORM polarity. 
S 3% at 20° C to 30° C, < - 7% at 0°C to VARIABLE at CALIB. Checked with 4 divi-
50°C, INVERT polarity. sions at 0.02 V /div, display centered. 

Other Aberrations < 1% 

Input Characteristics 1 megohm parallel by 47 pf Standardized, with 47-pF standardizer to 47 
(approximate) ,~s time constant. 

VOLTS/DIV Accuracy -20mV/div to lOV/div in nine steps. 1-2-5 Any selected VOLTS/DIV setting is adjust-
sequence. Within 3% of panel-reading on all able to zero percent with front-panel CAL 
ranges after adjustment on the 0.02 Volts/Div adjustment. 
range. Variable (uncalibrated) between steps 
and to ;:::;25V/div. 

VARIABLE VOLTS/DIV Range ~ 2.5:l With CAL properly set. 

Maximum Input Voltage -+600 V, combined de and peak ac (AC or 
DC coupled) to 200 Hz. See derating chart. 

1-1 



Characteristics-Type 3A8 

OPERATIONAL AMPLIFIERS 1 & 2 

Characteristic Performance Requirement Supplemental Information 

Open-Loop Gain-Bandwidth > 10MHz 
Product 

Closed-Loop Gain-Bandwidth 50 kHz minimum, uncompensated (to -30% 
product for any combination of point). 
Z; and Zr providing > unity 8.5 MHz minimum, compensated (to -30% 
gain point). 

Open-Loop DC Gain > 15,000 

Output Range 

Voltage > ±25V 

Current ~ 7.5 mA, including feedback current. 

Input Common-Mode Range > ±25V 

Long-Term Trace Drift ~500 p,V (referred to input) per hour after At constant line voltage and ambient tern-
30 minute warm up perature; averaged over 10-hour period. 

OFFSET (output de level) Adjustable to zero. 

Grid Current Zero +SO picoamps, as seen at input con- OFFSET adjusted for m1n1mum. 
nectors with same ambient temperature as 
during calibration. Zero +200 picoamps, 0°C 
to 50°C. 

Output Impedances ~ 30 fl at 1 MHz for compensated unity gain Z0 at front-panel connectors for com pen-
amplifier. sated unity gain amplifier. 

Noise < 25 mV peak to peak (1 Hz to 15MHz). Using thermal shield. Z; at 10 kn, Zr at 
1 Mri, INPUT grounded. 

< 2 mV peak to peak (1 Hz to 15MHz). - GRID shorted to OUTPUT. 

Z; and Zr Accuracy Refer to Calibration Procedure page 7-19, step 
20. 

Resistance 0.01, 0.1, 0.2, 0.5, and 1 megohm; -+--1 %. 
Resistance and capacitance selected by 

Capacitance 10 pf, adjustable. front-panel control. Other values may be 
100 pf, adjustable. connected externally. 
0.001, 0.01, 0.1, and 1 p,F; -+--1 %. 

Integration LF Cutoff < 2 Hz Other cutoff frequencies obtainable with 
external components. 

MECHANICAL CHARACTERISTICS ACCESSORIES INCLUDED 
Characteristic 

Construction 

Information 

Alluminum-alloy chassis and panel. 
Glass laminate etched-circuit boards. 

2 Instruction Manuals 070-0507-00 

013-0048-00 

013-0049-00 

103-0033-00 

Finish 

Dimensions 

Net Weight 

1-2 

Front panel is photo-etched anodized 
aluminum. 

14½ inches long, 4½ inches wide and 
6¼ inches high. 

Approximately 4.3 lbs. 

2 Terminal Adapters 

2 Terminal Shields 

2 Adapters, BNC to Binding Post 
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SECTION 2 

OPERATING 
Introduction 

The major portion of this section of the manual presents 
basic concepts and theory of operation with emphasis on 
specifications and limitations of Operational Amplifiers. 
Effective operation depends on an understanding of these 
concepts. The remainder of this section is devoted to the 
primary functions and operations of the Type 3A8. Control 
functions, sample applications, general information and 
signal connections are described to acquaint the user with 
the many applications of the instrument. 

Operational Amplifiers such as those contained in the 
Type 3A8 Plug-In Unit are capable of simulating a variety 
of circuits. They can be used to add, subtract, differentiate, 

t 
-Input 

INSTRUCTIONS 

(al 

integrate and amplify either linearly or with controlled 
non-linear coefficients under signal conditions. 

As an electronic device, the amplifier can be used to 
make capacitance, resistance and impedance measurements. 
In solid-state fields, the amplifier has been used to study 
tunnel diode performance through plots of E-1 and di/de 
curves. Diode reverse leakage current can be measured and 
B-H curves plotted. Many sampled data studies can also be 
made: sampling and sampled-pulse integrations and dif
ferentiation. 

With semiconductors and tubes as external active 
elements, the amplifiers are used for a number of non-linear 
functions; compression, expansion, root and power function, 
limiting, clipping and fast response logarithmic amplification. 

Output 

I feedback 
----+--

t 
~ 

I in I 
Null 
point 

t 
Z; 

E in I 
Null 
point 

(al The input is to the base of the triangular symbol, the output 
is from the apex opposite. The - input and output are oul
of-phase ( arrows l . 

(bl Feedback element z, provides the negative feedback lo permit 
high-accuracy operations. The amplifier seeks a null at the 
input by providing feedback current through Z, equal and 
opposite lo the input current I;,. Output voltage is whatever is 
necessary lo provide required balancing current through z,. 

(cl 

i 
E out 

t 
E out 

(cl Input element Z; converts a voltage signal (E;,l to current, 
which is balanced by current through Z,. 

NOTE: It is convenient lo represent high-gain de operational ampli
fiers by a triangular figure as shown. The base of the triangle is 
the input; the apex is the output. For most operations, the "nega
tive" grid ( i.e., l the grid which produces a positive-going output 
for a negative-going input} is used, and the "positive" grid is 
grounded internally. Where the input grid is not identified ( + or 
- l , the input is the negative ( - l grid. 

Fig. 2-1. Conventional Operational Amplifier symbols. 

® 2-1 



Operating Instructions-Type 3A8 

The Applications section describes many other uses of 
the Operational Amplifiers. 

UNDERSTANDING OPERATIONAL AMPLIFIERS 

Operational amplifiers are devices which make use of 
negative feedback to process signals with a high degree of 
accuracy. In the ideal situation, this accuracy is limited 
only by tolerances in the values of the passive elements in 
the input and feedback networks. 

The operational amplifier is a high-gain amplifier 
designed to remain stable with large amounts of negative 
feedback from the output to the input. 

General-purpose types are used for linear amplification 
with precise values of gain and for accurate integration 
or differentiation operations. 

Negative feedback (Z1, in Fig. 2-16) from the output to 
the input of the amplifier is obtained by inverting the input 
signal and coupling it through a resistor, a capacitor net
work or a non-linear impedance device, to the input. 
Generally this input is called the (-) input or (-) grid 
in the case of vacuum tubes. 

Operational Amplifier Seeks Voltage Null At 
The -Input 

With negative feedback the operational amplifier operates 
like a self-balancing bridge, in that it attempts to provide 
the current needed through the feedback network to maintain 
the (-) input at a null (or ground potential). The output 
signal voltage, then, is a function of this feedback current 
and the impedance of the feedback element. 

If the amplifier (-) input is held near ground potential 
by the feedback current, it will appear as a low-impedance 
point to any input signal. With a resistive feedback circuit, 
for instance, the input impedance appears as the resistance 
of the feedback element divided by the open circuit gain of 
the amplifier. 

I E in 

½@ 
Z, = R 

@ 

(al 

z, = R 

© 

E •••t 

(a) Operational amplifier using resistors for both z, and z, becomes 

fixed-gain linear amplifier. Gain is -Z, z, 

Current applied to the (-) input would tend to develop 
a voltage across the impedance of the feedback element and 
move the (-) input away from ground. The output of the 
amplifier, however, swings in the opposite direction and 
provides current to balance the input current. This effec
tively holds the (-) input at ground potential. 

If the impedance of the feedback element (Z1} is high, 
a high output voltage is required to provide even a small 
feedback current. 

Input Z; Converts Input Signal To Current 

Since most applications deal with voltage signals, an 
additional element called input impedance (Z;) is used. This 
impedance in series with the (-) input, converts that para
meter of the input signal appearing as voltage into current. 
See Fig. 2-lc. 

Output Voltage (Eo) Is Input Current X The 
Feedback Impedance (Z1) 

The current through Z; is equal to the applied voltage 
at point A (Fig. 2-2), divided by the impedance of Z; or 

i~ . Previously, it was stated that this exact value of cur

rent must flow through Z1 to keep point B at ground po
tential. The voltage output at point C, therefore, must equal 

E;n h h b the current yt roug Z1 multiplied y the impedance 

of Z1. Since the output signal is the inverted input, it be

-E-
comes ~ X Z1 and the voltage gain of the opera-

' 
. I l"f" b Eout -Z1 t1ona amp 1 1er ecomes -E-- - or 

,n Z; 

t 

© 

(bl 

(bl "See-Saw" operation of operational amplifier. System appears 
to pivot about a fulcrum (the null point Bl whose "location" 
is determined by Z,/Z;. 

Fig. 2-2. Operational Amplifier with resistors for both z, and Z,. 
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Voltage Amplifier 

If Z; and Zr are both resistors (Fig. 2-2), the operational 
amplifier becomes a simple voltage amplifier, with a 

-Z, 
gain of~ 

I 

With a voltage applied to point A in Fig. 2-2, current 
flows through Z; and through Zr to ground, through the 
low impedance at point C. Z; and Zf operate as a volt
age divider with a portion of the applied voltage at point 
B. This signal at B, even if small, is amplified by the am
plifier and appears as a large signal of opposite polarity 
at point C. Thus, the amplifier through feedback tends 
to hold the voltage at B (-input) at ground potential. To 
insure this operation, the amplifier output must supply a 
voltage at point C, to produce a current through Zr which 
is exactly equal to the current flowing through Z;. There
fore, with point B held at ground potential, the voltage 
across Z; equals the voltage applied at point A. 

Differentiation-Capacitor as Z; Senses Rate
Of-Change 

It was noted previously that an operational amplifier 
with a resistor as a feedback element produces an out
put voltage equal to the product of the input current and 
the feedback resistance. If Z; is replaced with a capacitor 
(Fig. 2-3) the following action occurs. 

Since current through a capacitor is proportional to the 
rate-of-change of the voltage across the capacitor, steady 
state de voltage across the capacitor (assuming an ideal 
capacitor) will produce no current through the capacitor. 
Therefore, with a steady de voltage applied to an input 
capacitor, there is no requirement for balancing current 
from Zf, to maintain the ground potential at the (-) input 
to the operational amplifier. Output voltage, therefore, 
will be zero. 

Operating Instructions-Type 3A8 

With a change of the voltage at the input, there will be 
a proportionate current flow through the input capacitor. 
The amount of this current flow is dependent on the volt
age rate-of-change and the amount of input capacitance 
(I = C de/dt). To illustrate; assume the potential at the 
input starts at + 100 volts de, and is changed at a linear 
rate to +95 volts in 5 seconds. This is a rate-of-change of 
1 volt per second (5 V /5 s = l V /second). If the value of 
Z; is 1 ,uF, a constant 1 ,uA flows through Z; during the 5-
second period. (I = C de/dt). 

The amplifier generates an equal and opposite current 
through Zf to balance the circuit. If Zf is a 1 M<J resistor, 
the 1 ,uA current will generate + 1 volt at the amplifier 
output. The output, therefore, senses the rate-of-change 
at the input. This operation is differentiation, sensing in
put voltage rate-of-change and providing an output volt
age which is proportionate to that rate of change. 

The actual relationship of output to input is: Eout = 
-dE;n X . dE;n . d" h _d_t_ RC. The expression ~ , in 1cates t e rate-

of-cha nge (in volt-seconds), of the input signal at any given 
instant while the R and C are the Zf and Z; respectively. 

The example used a constant rate of change, and a con
stant voltage output was obtained. If the rate of change 
had not been constant, the output signal voltage would 
have shown this dramatically with wide variations in am
plitude. The differentiator senses both rate and direction 
of change. It is a useful device in detecting small varia
tions of slope or discontinuities in waveforms. 

Integration - Capacitor As Z1 Senses Input 
Amplitude And Duration 

With the resistor and capacitor used for differentiation 
interchanged (Fig. 2-4), the circuit characteristics are exactly 
opposite. In differentiation, an output voltage which was 
proportional to the rate of change of the input voltage 

Z, = R 

® 

Z, = C 
E in 

o-J------
® ® 

--------<1' oo, jl_ 0 V 

© 

Operational Amplifier as Differentiator. Output is proportional to 

rate-of-change of input voltage. E out = ( - RC) dE;, 
dt 

Fig. 2-3. Operational Amplifier as a Differentiator. 
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Zr 1 µF 

E in z, 
OV 

lS 
1 MU >-------E--n••• ov/ 

Operational Amplifier as Integrator. Output rate of change is sin c.,t. Substituting for e, in the preceding equation: 
proportional to input voltage. 

dEout _ -Ein, _ -1 r.. 
~ - RC or Eout - WE1ndt 

RC in the example here is 1 second. Output, then, is 1 volt per 
second per volt input, and-most i111Portant-the output level at 
anytime is one volt per volt-second input 

Integration tends to eliminate the high-frequency components in 
a waveform. This is because the output voltage from the integrator 
is inversely proportional to the frequency of the input. This can be 
seen if we assume a sinusoidal input waveform of the form e, = E 

Eo = 

Eo = 

R,1C, f Ein sin "'' dt 

cos 6lt R, C,c., 

where E is the peak amplitude, ("' l is the angular frequency and 
t is time. 

This equation shows that the output voltage is inversely proportional 
to the frequency of the input signal. 

Fig. 2-4. Operational Amplifier as an Integrator. 

was obtained. With the resistor and capacitor interchanged, 
the output signal becomes a rate of change that is pro
portional to the input voltage. 

This is integration, because the instantaneous value of 
the output voltage at any time is a measure of both am
plitude and duration (up to that time) of the input signal. 

The operational amplifier operates as an integrator in 
the following manner: Assume a Zi of 1 Mn, Z1 of 1 µF 
and an input signal of zero. With these conditions no bal-

T, T2 

rl SEC-, 
+1v~ 

T, o-~V\A,-------1 
ov-

Input 

1 µF 

ancing current is required through Z1, so the output voltage 
remains at zero. Suppose a -1 volt de signal is applied 
to Zi. This will require a balancing current of 1 µA through 
Z1. To produce this 1 µA balancing current through a Z1 
of 1 µF, a continually rising voltage must be generated at 
the output with a rate of rise equal to 1 volt per second. 

This rate of rise continues until the input voltage is 
changed or the amplifier reaches its swing limit. This rate 
of rise is an aid in understanding the mechanism through 

>----------uOV ~ -1 V 

T2 

Eout -lJ RC 

T, 

Output (Indicates 
one volt-second 
input) 

dE;, 

dt 

Fig. 2-5. Simple case of integrating 1 volt-second pulse. The integrator does not improve measurement accuracy in so simple a case. 
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1 µF 

Eout 

1 V 
~1 sec-.j 

OV 

ov 
T, -0.5 V 

!al T, Cal T, 

0 V 

OV 
-0.4V 

T, T, T, 
(bl Cbl 

ov 
-0.4V 

ov 
T, 

(cl Input Integrator (cl 
Output 

Integrating more complex waveforms to determine "area under the 
curve" between T, and T2• Note that in (cl the negative portion 
of the input waveform reduces the net integral. 

Fig. 2-6. Typical waveforms at the input and output of the Integrator. 

which the amplifier performs integration, but it does not 
provide the correct solution from an integrator. The sig
nificant characteristic is the exact voltage level after a 
certain interval of time, expressed in units of volt-seconds. 

Integrator Holds final Voltage level Until Reset 

If the input signal to Z; is removed before the amplifier 
reaches its output limit, the output voltage remains at the 
level reached when the signal was removed. The require
ment for the 1 µA current through Zr to balance or null the 
input has been removed; therefore, under ideal conditions 
the output voltage would remain at this level indefinitely, 
or until an input signal was again applied to Z;. 

Absolute integrator output level at the end of some inter
val of time, is the sum of the products of each voltage 
(applied to Z;) times the period of each applied voltage, 
divided by -RC. 

® 

Interpreting Integration Results 

The mathematical expression for the output level in a 
given period from t 1 to t2 1s: 

E - _ _I_ 
out - RC 

The integral sign f indicates the summation of all the 
products (E;n X dt) shown between the time limits of t 1 

and t2 • The expression dt represents infinitely small incre
ments of time. 

Understanding manipulations in integral calculus is not 
necessary to operate the operational amplifiers as an in

tegrator. The operational amplifier configurated as an 
integrator provides a voltage output which is proportional 
to the net number of volt-seconds applied to the input. 
If the total volt-seconds of one polarity is equalled by volt
seconds of opposite polarity, the output level at the end 
of the selected interval will be zero. 
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100,000 ~---~----.---------r-----,--------.---------,,------r-----, 

~ 
~~~TOR 

DIFFERENTIATOR 

GAIN 

.01 L_.,L_ __ _._~ ___ .1...3,.L,_ __ _L"'-.:... ___ L.3,.;__ __ _,_.i_ ___ l..-"''------'--'.___ __ ___. 

1 Hz 1 0 Hz 100 Hz 1 kHz 1 0 kHz 1 00 kHz 1 MHz 10 MHz l 00 MHz 

FREQUENCY 

Fig. 2-7. Average gain characteristics for integration and differentiation. 

Integration Data 

Example: Assume an input signal for integration is 
1 volt positive pulse for a period of 1 second (Fig. 2-5). 
The sum of all voltage periods from t2 - ti, is one volt
second. With a Zi/Z 1 combination of 1 MO and 1 µ,F, the 
output voltage (E0 ) will fall at a rate of 1 volt-second times 

-:2 for a period of 1 second, so the output voltage will 

reach -1 volt at the end of the input pulse time period 
and remain at this level. 

Since the input signal (Einl was 1 volt-second during the 
time interval t2 - t 1 , the output level at t2 will remain con
stant even to a later time t2 because the input voltage (Einl 
has not changed. This is often referred to as taking the 
area under the curve, since the area under the waveform 
plotted against time (i.e., the area bounded by t1, t2, the 
amplitude of the waveform and the O line) is the number 
of volt-seconds involved. In addition, the instantaneous value 
of Eout at any time is proportional to the input volt-seconds 
to that selected time. 
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Using Other R and C Values 

The preceding example used an RC of 1 (1 X 10° X 10- 6 ) 

and the numerical value of the output voltage at the end 
of the integrating period was the number of volt-seconds 
in the input waveform. Other values of R and C will re
quire additional calculation to find the input volt-seconds. 
The output voltage must be multiplied by -RC. Example: 
If R is 200,000 D, C is 0.01 µ,F and the output after the se
lected period is -2.5 volts, then multiplying -2.5 by 
2 X 105 X 1 X 10-s yields -5 mV /s. Due to the polarity 
reversal in the amplifier it is necessary to multiply by -RC 
to obtain the proper sign in the answer. 

If the waveform contains both positive and negative 
polarities during the integrating period, as in Fig. 2-6c, 
the output will be proportional to the difference between 
the volt-seconds of the two polarities, because the integra
tor is an averaging device. The two polarities may be 
added by preceding the integrator with an absolute value 
amplifier (full wave rectifier), to invert one of the two 
polarities. 

®I 



Operatiom:d Amplifier Spedficatic:ms and limi
tations 

The ideal amplifier for an Operational Amplifier would 
provide an infinite amount of gain, infinite input impedance 
and zero output impedance. With these ideal conditions 
the operational amplifier could process signals with an 
accuracy limited only by the tolerances in the values of 
the passive elements in the input and feedback networks. 

The practical amplifier has finite values for all three, 
which determine the limits of accuracy in all applications. 
Some of the prominent limitations are: 

1. Open loop gain 

2. Gain-bandwidth product 

3. Output current and voltage capabilities 

4. Signal source impedance 

Open Loop Gain 

The accuracy of all operations is ultimately limited by 
the open loop gain of the amplifier, a determinate of how 
close the amplifier holds the null at the (-) input. The ideal 
amplifier with infinite gain would hold the null exactly 
at O volts and the impedance would be exactly zero ohms. 

The practical amplifier however, with its finite gain, does 

not quite null the (-) input at zero ohms, but moves + 
times the output voltage swing. (A = Open loop gain of 

h l.f. ) E Eout Th . . d h t e amp 1 1er. in = -A-. e input 1mpe once, t ere-

fore, appears as the quantity 

Z; 

I 
I 
I 
I 

A 

1-"·"'·· 

Zi A . See Fig. 2-8. 

Impedance = ~ 
1-A 

Fig. 2-8. Apparent impedance at the - input. 

® 
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NOTE 

The input impedance at the ( - ) input is obtained 
by the following mathematical derivation: 

Since Z;n 
E;n 

and l;n 
E;n Eaut 

l;n Z1 

E;n Eout 

then Z;n E;n Eaut which equals A 

E out 
Z1 -A--Eout 

or2 zt 
I-A 

If h I . Eout f. f f t e vo toge swing ~, is a signi 1cant raction o 

the input signal E;n, or if the impedance _ A , 1s a 

significant fraction of Z;, there will be a definite error in 
the output signal to be added to the error introduced by 
the tolerances of the passive elements, Z; and Z1. The exact 
value of this error is l A 

A _ 1 _ Z1 If the ratio of 
Z; 

Zi/Z; is small and A is large, this error is not serious. 

Shunt Impedance Across -Input 

The true impedance from the (-) grid to ground is 

~ 1- A' and with large values of A, is a very low value, 

calculated as virtual ground. However, when A becomes 
small and Z1 becomes large, the shunt impedances (particu
larly capacitive reactance) can interfere with the operation. 
See Fig. 2-9. 

I 

I _,_ 
I I 
I z I 
I 'I 

'-,-• 
I 

_.,L_ 

Fig. 2-9. Shunt Impedance across -input. Where Z, is large com
pared to Z; and Z,, and open-loop gain A is high, effect of Z, 
is negligible. 
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The general expression for the closed loop gain of an 
operational amplifier 

Eout _ - Z1[ A J 
~ - Z; A - l - ~f may be modified as follows 

to show the effect of shunt irripedance Z, across the (-} grid: 

Eout - Z1[ A ] k . . . d h A . ~ = T z z eeping in min t at 1s 
Ill I A-1-_J_-~ 

Z; Zs 

a negative number. The effect of Z, on accuracy as it be
comes smaller is apparent and may become comparable to 
that of Zi/Z;. 

The terms in the above equation can be rearranged to 
show the effect of Z, as related to Z;: 

-ZJ[ A l 
Z; A - l - Z1(Zs + Z;) 

Z, Z., 

Closed Loop Gain Accuracy For Amplification 

Common usage in the analog computer field assigns a 
negative number to the open-loop gain between the (-} 
input and output and a positive number to the gain from the 
(+} input. Therefore, in calculating values from formulas 
involving A and the (-} input, it is necessary to keep in 
mind that A is a negative number and the expression 1-A 
for instance, when A is -10,000, equals + 10,001, not -9999. 

One simplification has been made in this article. Closed
loop gain, commonly expressed as: 

has been reduced to: -ZJ[ z. 
I A -

A 

1 - z,] 
z, 

It moy ol,o be w,;tteo -,~' [ 1 _ 1 
1
+ /1'Z,] , H th;, 

seems to indicate the effect of A on accuracy more clearly. 

The Type 3A8 Operational Amplifier open loop gain (A} 
of > 15,000 at de is large enough to reduce the error to an 
insignificant figure at low frequencies until closed loop 
gains of 1000 or more are desired. 

Gain Bandwidth Product 

The gain factor A, of the operational amplifier will 
change with frequency; therefore, it is important to know the 
effective value of A for frequencies being used. In the 
Type 3A8 the open-loop gain factor is greater than 15,000 to 
approximately 1,000 Hz, then decreases in accordance with 
the gain-bandwidth product to unity at a frequency greater 
than 10 MHz. 

The error introduced by this decrease in gain factor 
becomes significant at the higher frequencies. Consequently, 
to make accurate measurements, the allowable ratio of 
E0ut/E;n must be reduced when higher frequency information 
is processed. 

2-8 

When the input frequency is approximately 1/10 the 
open-loop gain-bandwidth product of one, open-loop gain is 
approximately 10 and is not sufficient to provide accuracy 
better than 9%, even with a closed-loop gain of unity. 
Moreover, the effects of added integrating components, 
from input and feedback elements, cause even more roll
off, so the closed-loop gain-frequency characteristics be
come less than the theoretical limit. Hence, for critical ap
plications, compensation to the nominal values of Z; and 
Z1 is recommended to reduce the gain-factor error. 

NOTE 

Except in the case of straight amplification 
(Fig. 2-10), the compensation itself introduces 
possible errors which must be recognized and 
considered in the interpretation of the results. 

Accuracy With Capacitors As Z; Or Z1 

Since it is not easy to assign a single impedance value 
in the error formula for Z; or Z1 when one of them is a 
capacitor, it is convenient to use the ratio E0utf E;n, to 
represent the actual voltage gain, to compare the approxi
mate error. The error (~} is found by the formula: 

E - l - [~ - Al , or more simply, 

1-A 

l _ Eout 

E;n , where A 1s the open-loop gain, and Eout/E;n 
E = ----

1 -A 

is the actually obtained voltage gain. Remember that both 
A and E0 u+/E;n are negative numbers. Example: where A is 
-10,000 and the observed E0u+/ E;n is -500, the error has 
been 501/10,001 or 5.095 %- The output -500 then repre
sents 94.905% of the correct value and the correct value is 
-500/0.94905, or almost -527. 

For convenience the terms may be arranged as follows to 
determine how large an output signal may be allowed for 
a given input and an arbitrarily selected maximum error: 

Max E0111 

E;,, 
l - E{l - A) 

NOTE 

It is important to remember that A is not constant, 
but changes with frequency in accordance with 
the gain-bandwidth product. 

Compensation For The Effects Of Stray Capaci
tance 

Accuracy in high-speed operations will be affected by 
shunt capacitance (C,} and by the distributed capacitance 
around Z; and Z1 (Fig. 2-10). Their effect is more pronounced 
at higher frequencies where the effective value of A is low. 

To correct for stray capacitance and the variations of 
A, the 100 pF and 10 pF values for Z; and Z1 in the Type 

® 
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I I 

i-- -i :- ---
1 
I 
I 
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I R; 1-------1 
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I 
I 
I 
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_L 

c, 
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I -------- I I 

Operating lnsi"rudions-Type JA8 

3A8 Operational Amplifiers are adjusted and compensated 
under dynamic conditions. No external compensation is 
normally required. If Z; and Z1 values in this range are used 
externally, they will require compensation. Trim or pad as 
necessary under conditions similar to the contemplated 
measurements. 

Compensation for resistors used as Z; or Z1 can only 
be partial, since the optimum value for compensation varies 
with the application. It is therefore necessary, when dealing 
with short duration or high frequency signals to compensate 
with external components. 

Figure 2-11 through 2-13 illustrate the corrections necessary 
to improve operational accuracy for each of the basic 
operations. 

Errors Due To Signal Source Impedance 

Fig. 2-1 0. Where Z; or Z, is a resistor, and particularly if a 
large ( > 100 k) value, more serious errors may be caused by 
capacitance from the resistor body ( highest impedance point) to 
ground, and, in the case of R; during integration, end-to-end ca
pacitance of R;. Time constants involved in shunt capacitance Ces 
and C;, are approximately RC/4. 

A part of Z;, the input element of the operational ampli
fier circuit, is the source impedance of the signal being 
processed. Linear operations using precision input and feed
back components will be accurate only if the source imped
ance of the signal is very small compared to the impedance 
of the input component, or the value of the input or feed
back component is trimmed to allow for the impedance of 
the signal source. 

Output Current And Voltage Limits 

Any operational amplifier is limited in the amount of 
current and voltage it can deliver to its feedback network 

® 

C2 
\., 

c, "71 

u, .. ,.,.,, ·vv v 

Rf 
Input 

__f7_ Ri ~ - • • A - vv. 

V 

Wideband Amplifier 
Correction for Stray Capacitance 

Transient Response 

Under Compensation 

j,,,,1,,,,1,,ttt,,,1,,,,1,,,1,,,,1,,~ 

C, too large or C, loo small 

Correct Compensation 

--

~--~-

l·l"''i''1'i"''i'''t,,,1,,,,1,,,1+1 

Over Compensation 

I I l·t!+Hl±I 
C, too large or C, too small 

Fig. 2-11. Wideband Amplifier - Correction for stray capacitance. 

Frequency Response 

\ 
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and any external load. If these limits are exceeded during 
any part of an operation, the accuracy of that part of the 
operation will be impaired. 

In the case of the Type 3A8, maximum rate of change 
at output will be limited by the available current and 
should not exceed 30 V per µ,s when loaded by the 47 pF 
of the oscilloscope amplifier, and about 10 pF of other 
loading (e.g., Zf). 

Compensated Differentiator 

Without compensation, the differentiator may respond to 

a sudden change in dd~n by overshoot followed by sinusoid

al ringing. This is because excess output voltage must be 
developed to charge the input capacitance via Rf, plus the 
distribution stray capacitance of Rf itself. Current is also 
required to obtain a null at the -input. As soon as the 
stray capacitances are charged, excess current through Rf 
upsets the null, and the output must swing in the opposite 
direction to re-establish the null and discharge the 
capacitance associated with Rf. This produces the ringing. 
A small capacitance across Rf (Fig. 2-12) provides the 
current needed to establish the null at the start of the 
waveform without having to develop excess voltage across 
Rf. 

This capacitance limits the output voltage maximum to 

. -dE;n C; f b h . h approximately C
2 

A ter an a rupt c ange in t e 

. b dE;n X I input waveform, when dE;n 1s small ut cit RC is arge, 

. . . -dE;n C; 
the output voltage l1m1tat1on of C

2 
may result in a 

significant error. The solution in this case is to select a larger 
value of C; and smaller values for Rf and C2 (keeping 
the R1 C; time constant the same) to minimize the error, and 
keep its duration as short as possible. 

Integrator Compensation Rarely Needed 

Compensation to integrate fast-rise input signals 1s not 
recommended. The added components introduce more 
stray capacitance. It is recommended that smaller values 
of R; and a larger Cf be used to maintain the same time 
constant. The limitations in this would be the amount of 
loading by R; that can be tolerated by the signal source. 

Using Standard Waveforms For Comparison 

The use of standard waveform (pulses and ramps) with 
known parameters, is of considerable help in adjusting 

Transient Response Frequency Response 

Input 

_/\_ ~1--i -.-i 

Compensated Differentiator 

E0 max limited to - dE,n C; (approx.I 

C2 

Under Compensation 

l····l····i····H1···l~l-·l····I····! 
C, loo small 

Correct Compensation 

l····l····l····H11··l····l····l····l····I 

'11r\r~111 l···<········~}···J-··1···l···1 
C, too large 

,, 

... -, , ' ,, ' ,, ' 
/ ' ,," \ 

' ' ' ' / ' 

-dE,n C, (approximate). Fig. 2-12. Compensated differentiator. Eo max limited lo C, 
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-error 

Operating lnstrm::tic:ms-Type 3A8 

Frequency Response 

:-. 

' ' ' ' ' .... 
' ' .... 

Ci C1 Ci5 too large or R.; too large 

Input 

_I7_ 

\I 1---1,--
1 
I 
I 
I 

Integrator 

Ri made smaller 

Direct compensation not recommended 
- see text. 

, .... l .. ·l·+MEf f · .. I 
R; loo large, C, too large or - grid unshielded 

Fig. 2-13. Integrator - Direct compensation not recommended. 

compensation and assuring best accuracy for critical mea
surements near the limits of the instrument's capabilities. 
Selection of time and amplitude parameters close to those 
of waveforms to be measured will give best assurance 
against possible systems errors. 

The integrating interval (t1 to t2 ) has been mentioned 
several times. Frequently it is desired to integrate 
repetitive signals that are not perfectly symmetrical about 
zero volts. This causes a de voltage accumulation that will 
eventually drive the operational amplifier to its limit. 
Therefore, some means of returning the output to zero after 
time 12 (the end of the integrating interval) is required. 

For slow work, a pushbutton switch that can discharge 
Z1 manually is usually sufficient. Other circuits which will 
perform this function automatically are illustrated in the 
Applications section. When the integrating interval is 
quite short compared to the signal period (low duty factor), 
RC networks may be placed around Z1 to return the output 
level to O V through a time constant much longer (e.g., 1 OOX) 
than the integrating interval. 

In the Type 3A8, thefLF REJ switch position performs 
this function whenever Z1 is set to a capacitive value. 

Since thefLF Reject circuit operates continually to 
return the integrator output to zero, it is necessary to keep 
the integrating interval short with respect to the LF Re
ject time-constant and to measure Eau+ before it has started 
to decay. 

® 

Use of resetting or LF reject circuits may also be required 
when small values of C are used for Z1, since the small grid 
current in the (-) input grid even in the absence of an input 
signal will cause a rise in output voltage as the Operational 
Amplifier tries to hold the (-) input null with balancing 
current through Z1. (Minimize according to calibration 
procedure.) 

For sine waves, the gain of the integrator varies inversely 

-1 
with frequency, the actual gain being 2,,. fRC , except 

as limited by the open-loop gain (at low frequencies) and 
the open-loop gain-bandwidth product at high frequencies 
(see Fig. 2-7). At low frequencies, the gain becomes less 
than the formula would indicate, the effect becoming notice
able at the point where the formula indicates a gain of 
approximately 1/ 3 the open loop gain. At high frequencies, 
the error becomes significant above approximately 1/10 of 
the open-loop gain-bandwidth product. Except as limited 
above, the integrator shifts the phase of the input sine wave 
by ::::::+90°. 

General Information 

The Type 3A8 Plug-In Unit contains two separate but 
identical Operational Amplifiers plus a display or deflec
tion amplifier. The Display Amplifier monitors the output of 
either Operational Amplifier, or it can be used as an inde
pendent oscilloscope amplifier. 
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The Type 3A8 may be operated in any Tektronix 560 
Series (except the Type 560) oscilloscope or the Type 129 
Plug-In Power Supply Unit. In either case, the Operational 
Amplifier outputs can be fed to other equipment. 

Display Amplifier 

The amplifier may be used to process signals from either 
Operational Amplifier; or by connecting signals to the EXT 
input connector and setting the input selector switch to EXT 
position, the amplifier will process external signals as a 
conventional display amplifier. 

A selector switch provides means to ac or de couple the 
selected signal to the amplifier. The switch also has a GND 
position to permit the operator to ground the amplifier 
input grid, and charge or discharge the input coupling 
capacitor so that the charging pulse does not reach the grid 
of the input tube. In many cases the ac component of the 
signal is of interest. Ac coupling blocks the de component 
of the signal and permits observation of ac information at 
high sensitivities. De coupling must be used to measure de 
component of the signals or to observe very low frequency 
information, because the ac response is down 30% at 
approximately 2 Hz. 

Display polarity is selected with the NORM-INVERT switch. 
Vertical deflection sensitivity factor is set with the VOLTS/ 
DIV switch. Nine calibrated deflection factor positions from 
.02 to 10 volts per division are provided. The VARIABLE 
control used in conjunction with the VOLTS/DIV selector 
provides continuous uncalibrated variations from 0.02 to 
approximately 25 volts per division. 

Operational Amplifiers 

The Operational Amplifier selector switch provides 
selection of Zi and Z1 combinations. For linear amplifi
cation, both Zi and Z1 are normally resistors. The ratio 
of Zi/Zi basically determines the gain of the amplifier. 

To integrate, Z1 is normally a capacitor and Zi a resistor. 
The combination of Zi/Zi determines the time constant and 
affects the characteristic of the operation. The typical 
combination selected has the same time-constant as the 
period of the input signal. 

To differentiate the input signal, Z1 is normally a resistor 
and Zi a capacitor. The combination selected, again nor
mally has the same time-contsant as the period. 

Most basic operations can be performed through selection 
of the internal values of Zi and Z1; however, with the 
selector switch set to EXT, any desired combination of ZJZ1 
can be applied through the jacks on the front panel. 

ADAPTERS FOR THE 
OPERATIONAL AMPLIFIERS 

Terminal Adapter 

A convenient means to mount external parts is provided 
by the Terminal Adapter assemblies received with the Type 
3A8. The components can be installed on the adapter and 
then inserted in _the front-panel ·jacks. The standard ¾-inch 
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Fig. 2-14. Four adapters to extend the capabilities of the Type 
JAB Operational Amplifier. 

spacing of the jacks on the front panel permits the use of 
double banana plug connectors such as General Radio 274-B. 

Compensating Adapter 

For extending the high-frequency performance of either 
operational amplifier when the internal Zi and Z1 resistors 
are used in any combination for gain or attenuation. The 
adapter compensates for stray capacitance associated with 
the internal resistor, providing an adjustment for optimum 
HF response. 

Log Adapter 

Mixed low and high-amplitude signals can be measured 
using the Log Adapter. Pulses and transient signals spanning 
three voltage decades to + 100 volts can be displayed and 
measured on the same trace. 

Gating Adapter 

With the Gating Adapter, repetitive signals with a net 
integral other than zero can be integrated and displayed. 
With the Gating Adapter plugged into Operational Amplifier 
No. 2 of the Type 3A8, the Operational Amplifier No. 1 is 
gated on or off. The signal applied is then amplified, inte
grated, or differentiated only during the "on" time. 

Leakage Current Adapter 

Adapts the Type 3A8 for measurement of reverse leakage 
in semiconductor diodes and in small signal transistors in 
diode-connected configuration. The Leakage Current Adapter 
requires an external sawtooth drive to + 150 volts; a Type 
2B67 incorporating Mod No. 120 H can be used for this 
function. 
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FIRST TIME OPERATION 

Initial operation requires that certain adiustments be 
checked. Preset the controls as follows: 

Operational Amplifiers, 1 and 2 

Z; 1 Mn 

Zr 1 Mn 

ADJUST-NORM-fLF REJ ADJUST 

+GRID SEL (-) 

DISPLAY AMPLIFIER 

Source EXT 

Coupling GND 

Polarity NORM 

POSITION Centered 

VOLTS/DIV .02 

VARIABLE CAL 

After inserting the Type 3A8 into the vertical compartment 
of the oscilloscope and switching the POWER switch on, 
allow 20 minutes for the instrument to stabilize. Adiust the 
oscilloscope time base controls for a free-running sweep. 
Center the sweep with the POSITION controls and adiust 
the Intensity, Focus and Astigmatism controls for a well 
focused trace of nominal brightness. 

NOTE 

This procedure is based on use of a 60-Hz 
Calibrator. The user will have to change the 
Time/DIV settings, if a 1-kHz Calibrator is used 
for the following samples. 

With the input selector switch of the Display Amplifier 
in the GND position, set the BAL adiustment for minimum 
trace shift as the NORM-INVERT switch is switched from 
NORM to INVERT. 

Apply the signal from the oscilloscope Calibrator to the 
EXT Input connector of the Type 3A8 Display Amplifier. 
Set the oscilloscope Calibrator switch to .1 Volt position. 
Set the time-base unit Time/DIV switch to 10 mSEC, Trigger 
Source switch to Int, Coupling switch to AC and the Slope 
switch to the + position. 

Set the Type 3A8 input coupling switch to DC and the 
VARIABLE control to CAL position. Adiust the time-base 
unit Triggering Level control for a stable display. 

Adiust the Type 3A8 CAL adiustment for a signal ampli
tude of 5 maior divisions. The deflection sensitivity of the 
Display Amplifier should now be calibrated to 20 mV /Div. 

Disconnect the oscilloscope Calibrator. Recheck the setting 
of the BAL adiustment. 

Set the source switch of the Type 3A8 to position 1. 
With no signal applied to the Operational Amplifier, the 
output de level should be zero. To adiust the de level, 
preset the controls as follows: 
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Time-Base Unit 

Time/Div 1 mSEC 

Triggering 

Slope + 
Coupling AC 

Source Int 

Trigger Mode or Free Run 
Level 

Type 3A8 

Display Amplifier 

VOLTS/DIV 10 

VARI ABLE CAL 

Input Coupling Switch GND 

Operational Amplifiers, 1 and 2 

ADJUST-NORMjlF REJ 

+GRID SEL 

ADJUST 

(-) 

Position the sweep to the horizontal center line of the 
graticule with the POSITION control. The zero input de 
level of the amplifier then corresponds to the graticule 
line. Set the input selector switch to DC position. 

Adiust the OFFSET adiustment so the trace is positioned 
on the de zero reference line previously established. 

NOTE 

There is a thermal lag in this adjustment because 
the OFFSET adjustment is altering the heater power 
to the tubes in the input circuit. 

Increase the sensitivity of the Display Amplifier by set
ti,ng the VOLTS/DIV attenuator switch to a lower setting, 
then readiust the OFFSET adiustment for a more precise 
setting. Some drift and noise may be noticeable with these 
control settings due to the high gain. Return the ADJUST
NORM-JLF REJ switch to the NORM position. 

Set the Display Amplifier input selector switch to 2 and 
adiust the OFFSET adiustment for Operational Amplifier 
No. 2 as above. 

Sample Amplification 

Connect the output of the oscilloscope Calibrator to 
the Input connector for No. 1 Operational Amplifier. Set the 
Calibrator output voltage to .1 volt. 

Set the source switch for the Display Amplifier to 1, the 
VOLTS/DIV switch to .1, and the coupling switch to DC. 

Set the No. 1 Operational Amplifier for a gain of -1, by 
setting both Z; and Z1 switches to 1 MQ. Set the Time
Base unit Time/Div switch to 10 mSEC and adiust the Trig
gering Level control for a stable display. 

There should now be a waveform amplitude of 1 maior 
division on the crt graticule area. Thus for 0.1-volt signal 
in, -0.1 volt out is obtained, to give a gain (E0 /E;) of -1. 
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Change the Z; switch setting to .5 Mn. The combination 
of Zi/Z; is 1 / .5 or 2. There should now be 2 major divi
sions of signal amplitude or 0.2 volts. The gain is -2 cal
culated. Select other combinations of Zi/Z; to illustrate the 
amplification characteristics of the Operational Amplifier. 

NOTE 

Because of the signal inversion through the Oper
ational Amplifier, the gain is referred to as a 
negative ( - ) quantity. As different values of 
input voltage and Z;/Z 1 combination are used 
there may be combinations which will introduce 
error in the output. This is due to an increase in 
signal source impedance to Z; as described earlier 
under Signal Source Impedance. 

Sample Integration And Differentiation 

In integration, the input component is a resistor while 
the feedback component is a capacitor. This is analogous 
to the simple RC circuit. When set up for integration, the 
output (e0 } of the operational amplifier is approximately: 

e0 ~ - R;lCi f; dt 

The output voltage is inversely proportional to the time 
constant and directly proportional to the integral of the 
input signal voltage. The time constant of values chosen 
is normally the period of the signal to be integrated. 

In differentiation, a capacitor is used as the input com
ponent while the feedback component is a resistor. It is 
similar in some respects to a simple RC differentiation cir
cuit, except that the high gain of the amplifier allows 
differentiation to be obtained with high output signal level. 

In differentiation, the approximate output voltage from 
the operational amplifier is given by the equation 

- R1 C; 
de; 

dt 

where e 0 is the output voltage, R1 is the feedback resist
ance, C; is the input capacitance, e;, is the input voltage. 
The output voltage varies directly with the input time con
stant and the input voltage rate of change. 

In addition to demonstrating integration and differentia
tion with the Operational Amplifiers, the following will 
show the need of thefLF REJ circuit and high frequency 
compensation. 

Connect the Type 3A8 and oscilloscope as shown in Figs. 
2-15 and 2-16. Set the oscilloscope and Type 3A8 con
trols as follows: 

Time-Base Unit 

Time/Div 

Triggering 

Slope 

Coupling 

Source 

Trigger Mode 

Level 

Oscilloscope Calibrator 

2-14 

2 mSEC 

+ 
AC 

Line or Int 

Normal 

Midrange or Auto 

20 Volts 

Compensating 
capacitor ;:::;20 pF 

BNC 
palch cord 

Fig. 2-1 5. Operational setup to demonstrate integration and dif
ferentiation. 

Type 3A8 

Display Amplifier 

Coupling DC 

NORM-INVERT NORM 

VOLTS/DIV 5 

VARIABLE CAL 

Operational Amplifier 

NORM-fLF REJ .fl.F REJ 

+ GRID SEL (-} 
Z; 1 Mn 

Z1 .01 µ,F 

2 Operational Amplifier 

NORM-fLF REJ NORM 

+ GRID SEL (-) 

Z; .01 µ,F 

Z1 1 Mn 

Set the input selector switch for the Display Amplifier 
to EXT position and adjust the time-base Triggering Level 
control for a stable display. Observe the 20-volt Cali
brator waveform. 

Switch the input selector switch to position 1 and ob
serve the integrated waveform. 

NOTE 

Since ac-coupling capacitor Cl averages the 20-
volt positive-going square wave into alternate 
positive and negative pulses of about 10 V, the 
integrated output will be a triangular waveform 
having an amplitude of: 
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c, z, (-) 

No 

f LF 
REJ 

z, 

.01 µF 

1 
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H.F. 
Compensation 

z, 

1 MU 

z, No 2 (-) 
0.1 µF 1 MU 

Operational 
Type 561A or Amplifier 

1.0 µF (+) .01 µF !+) Calibrator 
60 Hz al 
20 volts. 

NOTE: 
0.1 µf for C, will produce slight distortion of integral which 

probably cannot be detected by the observer, however it will be 
very noticeable in the differential waveform. 

_IL 

N 

nJ 
Requirements: 

( 1 l 0.1 µf capacitor 

2 

Ext 

To Display 
Amplifier 

(2) BNC lo BNC patch cords. (Part No. 012-0084-00) 
( 1 l 1.0 µf capacitor 

Fig. 2-16. Sample circuit for integration and Differentiation. 

-1 
RC fin dt 

-1 
1 X X 10 V X 8.33 ms1 

106 X 1 o-s 
-8.33 V or 8.33 V p-p 

The fLF REJECT circuit provides the initial charg
ing path for the coupling capacitor and there
after eliminates any long-term effects of leakage, 
grid current, and de drift of the amplifier. 

The E;n and dt values in the foregoing example 
are for a 50 ¼ duty factor. While these values 

'Period of one-half cycle from 60-Hz Calibrator. 

would be different for other duty factors, it is in
teresting to note that their product is a constant. 

You probably will measure slightly less than the calcu-
lated 8.33 volts. This is due in part to the combination 
of three factors. 

1. The output impedance of the Calibrator adds to Z;. 

2. The coupling capacitor impedance adds to Z; in the 
low-frequency portion of the squarewave. 

3. The fLF Reiect circuit supplies some of the (-) grid 
nulling current which would otherwise be adding to the 
charge accumulation of Z1. 
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Type 561A 
Calibrator 
60 Hz at 
20 Volts 

Need: ( 1 l 0. 1 µf capacitor 

C, Z, 

0.1 1 MU 

f LF 
REJ 

z, 

0.01 

(2) BNC to BNC patch cords. (Part No. 012-0084-00) 

z, 

1 MU 

N 

f LF 
REJ 

.001 

'----"'-""'----',_ __ To Display 
2 Amplifier 

EXT 

Fig. 2-17. Sample circuit for single and double Integration. 

In this demonstration, the effect of each of the three fac
tors is quite small. 

Set the Display Amplifier input selector switch to 2 and 
observe the differentiated waveform of the No. l Operational 
Amplifier output waveform. Adjust the high-frequency com
pensating capacitor for optimum square corner. Note the 
effect of compensation; insufficient compensation causes 
ringing at the corner of the waveform while over-compen
sation tends to produce undershoot or a rounding of the 
corners. (Any aberrations in the waveform such as slope 
are due to the coupling capacitor.) This illustrates one of 
the practical applications of differentiation, in that the aber
rations that are not visible in the integrated waveform 
are clearly discernible after the signal is differentiated. 

Try different combinations of Z;/Z 1 and observe the ef
fect for both the integrator and the differentiator. Remem
ber the Calibrator output impedance is a part of Z;. 
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Sample Single And Double Integration 

Connect the oscilloscope and the Type 3A8 as shown 
in Figs. 2-15 and 2-17. 

Remove the compensating capacitor for the No. 2 Opera
tional Amplifier and set Z; to l MO and Z1 to .001 t,tF. Set 
the ./lF REJ-NORM-ADJUST switch to fLF REJ position. 

Observe the double and single integrated Calibrator 
waveform . ./lF REJ works best with low duty factor sig
nals. Integration period should be very short compared 
to the reject circuit time constant. The ratio of the reject 
circuit impedance to the input impedance (Z;) should be 
low. 

If it is necessary to integrate for periods of several sec
onds where the low frequency reject time-constant decays 
the integral and therefore cannot be used, the circuit in 
Fig. 2-l8a can be used. 

@ 



z, 

Shift in de output 
level due to OFF
SET adjustment. 
may be + or 

!al 

Open switch just prior to 
integrating. 

z, 

Adjust OFFSET 
until output 
remains stable. 

\ INTEGRATEO 

~'--===[_~EVE~-

(bl 

0 VOLT 
reference 

Fig. 2-18. Integrating and measuring over a long period with 
respect to low-frequency reject time. 

With no signal in, the OFFSET can be adjusted to off
set grid emission current with a slight sacrifice to the out
put de level. Measure the integration from the adjusted 
de level as shown in Fig. 2-186. 

Signal Connection Precautions 

Certain precautions should be taken in connecting sig
nals to the input of the Operational Amplifiers to assure 
good results. When low level signals are connected, it 
may be necessary to use shielded leads to minimize stray 
pickup. This is important when the unit is used for differ
entiation; high-frequency noise may be troublesome with 
differentiation, since the output of the differentiator is pro
portional to frequency. 

Precautions for connecting signals to the Display Ampli
fier are similar to those for the Operational Amplifiers. 
Avoid errors in reading by guarding against stray electric 
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or magnetic coupling between circuits, in particular the 
input signal leads. Unshielded leads of appreciable length 
are not suitable even for the audio-frequency range. Shield
ed input cables are recommended for low frequency meas
urements from a high-impedance source. When shielded 
leads are used, the shields should be securely grounded 
to the chassis of both the signal source and the amplifier. 

In broadband applications, use coaxial cables and ter
minate to prevent ringing and standing waves. The ter
mination normally is placed at the amplifier end of the 
cable, although some sources may require a termination 
at the source. Try to simulate actual operating conditions 
for the equipment being tested, by approximating its nor
mal load. 

Consider the effect of loading due to the input circuit 
of the Display Amplifier. The input impedance of the am
plifier is 1 megohm paralleled by 47 pF. 

Use Of Probes With The Type 3A8 Unit 

Standard Tektronix probes can be used with the Display 
Amplifier of the Type 3A8 unit. Attenuator probes reduce 
both capacitive and resistive loading on the signal source. 
They also permit larger amplitude signals to be displayed 
than would otherwise be possible. 

When attenuator probes are used, they must be properly 
compensated. This compensation is easily accomplished 
using the oscilloscope Calibrator signal. Adjust the probe 
compensation for optimum square corners on the displayed 
Calibrator waveform. 

The attenuation factor of the probe must be considered 
when measurements are made. The vertical deflection sen
sitivity of the Type 3A8 Unit is effectively increased by the 
attenuation factor of the probe. A 10 X probe used with 
a VOLTS/DIV switch setting of 5 provides an actual de
flection factor of 50 volts/div. 

Signal Connection To The ± GRID 

The + GRID jack can be used to connect signals to 
either input grid of the Operational Amplifiers. The input 
grid selected is determined by the position of the + GRID 
SEL switch. Signals connected to the - GRID jack are ap
plied to the (-) grid, regardless of the positions of the + 
GRID SEL switch. Signals applied to the (-) grid are in
verted at the output of the amplifier while signals applied 
to the (+) grid are not inverted. 

Both grids of the amplifier can be active, as in a differ
ential amplifier. Two methods of connecting the (-) grid 
when the (+) grid is used are: 100% feedback from am
plifier output to the (-) grid input, and a feedback ele
ment connected from the amplifier output to the (-) grid. 
The (-) grid circuit affects the Operational Amplifier char
acteristics when the ( +) grid is driven; therefore, with the 
+ GRID SEL switch in the (+) position, both the (-) and 
( +) grid circuits must be properly connected. 

Input signals applied to either grid through either the 
- GRID or + GRID jacks bypass the internal input im
pedance set by the Z; control. 

2-17 



Operating Instructions-Type 3A8 

High Z 
Input. 

I 

I PII 
Input impedance > 1 GQ, 
paralleled by approximately 
25 pf. 

low Z 
Output 

Fig. 2-19. Circuit for measuring high impedance source signals. 

Access to the ( +) grid increases the versatility of the 
Type 3A8 unit over conventional Operational amplifiers. 
External components can be used to provide positive rather 
than negative feedback to the Operational Amplifier. Ap
plications using the + GRID input are described in the 
Applications section of this manual. Typical + GRID use 
is illustrated in Fig. 2-19. Here, a signal may be trans
ferred from a high-impedance source to a low-impedance 
load without de offset or attenuation. This system pro
vides a de coupled, high impedance input (greater than 
1 G\1) with unity gain and very low output impedance. 

Connecting External Feedback Components 

Because of the limited number of internally mounted 
components, it will occasionally be necessary to mount 
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external feedback components on the Type 3A8 unit. 
Adapter boards (013-0048-00) received with the instrument 
provide a convenient means of mounting external parts. 
The components can easily be installed and the adapters 
inserted in the jacks on the front panel of the Type 3A8 
unit. The cam on the adapter may be reversed to flip 
the + GRID SEL in the desired position. The standard ¾
inch spacing of the jacks on the front panel also permits 
use of double banana plug connectors such as General 
Radio Type 274-8. 

NOTE 

The physical and electrical length of the feedback 
path has a direct effect on the operation. The 
added stray capacitance and/or inductance intro
duced by long feedback lines can cause the sys
tem to oscillate or, in less severe cases, introduce 
a significant deviation from the desired closed
loop characteristics. 

Output Connections 

The three basic Operational Amplifier applications de
scribed employ the Type 3A8 unit and its associated oscillo
scope. Type BNC OUTPUT connectors from each Opera
tional Amplifier provide means of connecting the output 
signal to an external device. 

A banana type OUTPUT jack, located to the left of the 
ZJZr selector switch provides the means to connect external 
components to augment the internal values of the Zi/Z; 
selector. This jack is across the BNC OUTPUT connector 
located directly above. Either of the OUTPUT connectors 
can be used to connect one Operational Amplifier to the 
other. 

The BNC OUTPUT connector can drive a coaxial cable 
connected to a fairly remote system which may require 
the use of the Type 3A8 Operational Amplifier features. 
Remember, however, that with high speed signals, the cable 
capacitance will subtract from the output current available 
for the desired load. 
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SECTION 3 

APPLICATIONS 

This section explains typical applications for the opera
tional amplifier. The circuits shown were selected and 
developed to show some of the many possible applica
tions for wide-band operational amplifiers in extending 
the versatility and flexibility of the oscilloscope. Circuits 
are shown in basic, generalized forms. Choice of compo
nents for a particular application is left to the user. In a 
few cases, where application is specified or the compo
nent selection techniques are not evident, the notes indi
cate types and brands of components known to be satis
factory. 

Most of the circuits can be conveniently built using the 
Tektronix Terminal Adapter, part number 013-0048-00, avail
able through Tektronix Field Offices. Tektronix does not 
however, undertake to supply the other specialized com
ponents or hardware that may be required. These should 
be obtained or fabricated locally. An exception can be 
made in the case of certain diode types made to Tektronix 
specifications for which suitable equivalents may not be 
available locally, but which are stocked by Tektronix for 
instrument replacement purposes. These may be purchased 
in small quantities through your Tektronix Field Office or 
overseas distributor. Information concerning various semi
conductors referred to in the notes may be found in the 
appendix for this section. 

Application Index 
BASIC APPLICATIONS 

Amplification Page 
Basic circuit, frequency compensation, gain cor-
rection 3-2 

Summation 
Basic circuit, weighting, compensation, gain cor-
rection 3-3 

Integration 
Basic circuit, drift compensation, de rejection 3-4 

Differentiation 
Basic circuit, compensation, noise reduction 3-5 

Voltage-Current Conversion 
Current-to-voltage, current-to-voltage high sensitiv-
ity, voltage-to-current, current to current 3-6 

Amplification-High Input Impedance 3-7 
Bandpass Amplifiers 3-8 
Summation-Slideback Techniques 

Slideback amplifier, slideback with compression, 
"window" amplifier 3-9 

Integration-Gated Operation 
Gated integrators: Relay gating, universal bridge 
gating 3-10 

Differentiation 
Gated operation, linearity studies 3-11 

Voltage-Current Conversion 
Constant voltage with current monitor, constant cur-
rent with voltage monitor 3-12 

NONLINEAR AMPLIFIERS 

Low-Frequency Applications ("Log" diodes) 
Wideband Amplifiers (Signal Diodes) 
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Transistors As Passive Nonlinear Elements 
Vacuum Triodes As Nonlinear Elements 
Zener Diodes As Nonlinear Elements 
Zener Diodes-Simulation of Nonlinear Mechanical 
Phenomena 

Dead-zone, backlash, relay analogs 
Absolute Value Amplifiers 

PULSE AND DIGITAL TECHNIQUES 

Switching Circuits 
Bistable comparators 

Bistable Multivibrators 
Digital Conversions 

Pulse-height-to-ti me, ti me-to-voltage, voltage-to-fre
q uency, binary-to-voltage 

Peak Memory Circuits 
Sample-Hold Amplifier 

SAMPLING OSCILLOSCOPE TECHNIQUES 
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Integration, differentiation, risetime compensation 

WAVEFORM GENERATION 

L.F. Function Generators 
Sine Wave Generators 
Arbitrary Function Generators 
Arbitrary Function Generators-Optical Techniques 

SEMICONDUCTOR STUDIES 

Tunnel Diode Studies-Curve Tracing 
Tunnel Diode Studies-Switching Characteristics 
Voltage-Current Conversions 
Zener Diode Tests 
Transistors 

COMPONENT TESTS 

B-H Loop Plotting 
Inductor Measurements 
Resistance Measurements 
Capacitance Measurement (1 pF-10 µ,F) 
Dielectric Tests 

MISCELLANEOUS APPLICATIONS 

Velocity Acceleration Studies 
Risetime Beam Intensifier 
Phase-Plane Plot 

APPENDIX 
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BASIC OPERATIONS 

Amplification 

Basic Amplifier 

R; 
>------------1cJ Eo 

E _ -E; 11R1( A ) 
0 - R; A - 1 - Z1 

(A is negative) Z; 

Compensated Amplifier 

C; 

R; 

Gain-Corrected Amplifier 

R; 

R 
Unless open loop gain A ~ -1, gain accuracy may be preserved 

R; 
only by trimming value of R1 or R;. 

Follower Compensation 

R 

I 
I 
I 

'j• c, 
I 

-L-

Square Wave 
Gen. 

Z; and Z1 Ext. 

3-2 

'T- C Load 
I 

-.1-

Notes 

Gain of the amplifier is determined by the ratioRi/R;. 
If open loop gain A is large compared to Ri/R;; E0 ~ 

-Rf 
T Ein• 

I 

High frequency response and risetime are consider
ably enhanced when stray capacitance is compen
sated. C; and C1 values should be kept as small as 
possible (5-30 pF). 

Step-function response: 

(\~ over-compensated 

' --

!,.,/'----uncompensated 

Gain-correction resistance is necessary if accuracy 1s 
required at high gain. Error for a given Ri/R; is: 

[
1 - ( A ) ] X l 00%. (A is negative) 

A- l -& 

Correcting resistor :c = -Rf ( 
1 + ;) 
A+~ 

R; 
Correction may also be made by shunting R;. 

R works against C, to limit the applied signal. When 
'R' is zero, ring of output signal (amplitude and fre
quency) is greatly affected by C1oad• 

With C1oad of 47 pF (input) -18 inches of 50 n coax 
- and 15 pF (input to Type 1 A2), a 1.2 k R gave 
optimum response. 

® 



Summation 

Basic Circuit 

E,, 

Weighted 

E; 0-----'Vv>.,----~ 

E2 0-----'\i'V'v------e------t '>------~ E,, 

Compensated 

c, 

Gain-Corrected 

( Rf R1 Rf R1) Unless - + - + - + - «: A, Rf should be increased 
R1 R, R:, R4 

beyond nominal value to preserve accuracy. 

® 

Applications-Type 3A8 

Notes 

If all resistors are of equal value, gain is unity for 
each input. For increased gain, Rf may be increased. 

Gain for any input is - RJIR;, permitting easy com
ponent selection for operations such as (0.3E1 + 7E2 

+ 4E3). 

The summing amplifier cannot be as well compensated 
as simple amplifier because of input loading. Inputs 
may be separately adiusted if opposite input is 
grounded during adiustment and process is repeated 
to eliminate interaction. Compensation of 3- and 4-
input summing networks becomes increasingly more 
difficult and less practical. 

Gain error for any input will be 

1 - ------------- X 100% 
Rr R R Rr ( 

A ) 

(R1 R2 R:i RJ 
A-1- _.,_+~+~+_.,_ 

where A is open-loop gain (a negative number) 

Value of correcting resistor Re 

should be[- Rf(~: ~)]where 

G = (Rf + Bl + Bl + Bl) 
R1 R2 R:i R4 
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Applications-Type 3A8 

Integration 

Basic Circuit 

R; 

Drift Compensation 
(LF Reject) 

R; 

Reset time-constant T,. = (R, + R,,)C1 

DC Rejection 
(AC Integration) 

c, 

R, R, 

E,, 

E,, ;~~ J E;,,dt 

le,, 

LF Reject time-constant Ti. 

E,, 

R, R:i C,, 

R, + R:i 

c, ~ c, Integrating interval <'i R; C, 

DC Rejection 
(Alternate Circuit) 

R; 

3-4 

c, 

c, 

E,, 

Notes 

Gain (sinewaves) 

open loop gain. 

-1 
----- except as limited by 
21T f R; C1 

Square-wave response (for in- A A A A 
put symmetrical about O V) : / V V V \.. 

Square-wave response, uni
directional input: 

Response to de and low-frequency information 
(including input grid current) is limited by LF REJECT 

. . . - E,icCR2 + R:i) 
circuit. DC response 1s l1m1ted to 

R; 

Capacitor C0 delays "de" feedback by a value 
approaching Ti,, thus improving short-term accuracy. 

Square-wave response ~ 
(Input unidirectional): ~ 

For accuracy, keep integrating interval < 0.3VR 2R:,C,,C1 

Input blocking capacitor C 1 prevents de level of E;n 

from being integrated. If de level is high, resistors R
1 

and R2 minimize effect of capacitor leakage current. 
This circuit does. not reject input grid-current, but 

may be used in conjunction with LF Reject circuit 
above, if limitations of each circuit are observed. 

This circuit combines the de signal rejection and 
grid-current rejection of the two circuits above, but 
with fewer components. 

For operational accuracy, integrating interval should 

be kept less than 0.3VR; Cr R2 C1 

® 
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Differentiation 

Basic Circuit 

R 
A vv. 

C ~ 
E I\, I ~ ;,, 0------11-------lv>----------u_ E,, 

E,, = - RC(~!;") 

Frequency Compensation 

vV 

C; ~ 
E;,, o~----111--(----•:--iV>----<1--o-- E,, 

Noise suppression 

R; <'s R.r 

C _L ., ·r-
1 

_L 

Applications-Type 3A8 

Notes 

Gain (sinewaves) = - 21rfRC, except as limited by 
open-loop gain-bandwidth product. 

Squarewave response 

Sawtooth response 

Lag in current through R1 may produce ringing after 
sudden change of dE/dt. Adjust C1 using dE/dt com
parable to that to be measured: 

Uncompensated 

Sawtooth response: 

Compensated 

Series resistance limits response of differentiator to 
wideband noise components above the frequency 
range of interest. Output swing is limited to - dE;,, 
R1/R;, so R; should be on the order of R1)100 if pos
sible, to preserve accuracy in range of interest. 
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Applications-Type 3A8 

Voltage-Current Conversion 

Current-to-Voltage 

Current-to-Voltage, 
Hi Sensitivity. 

1;11 u-----------1 

(R, + R-,) 
Effective value af R1 = R1 ~ 

Voltage to Current 

R; 
E;,, u-----'V\A---------1 

R, 

----,,, 

_ (- E;,,) (Rf) l1 - -- - -I 
. Re R; n 

Current to Current 

lin c >------------~ 

R, 

3-6 

E,, 

Notes 

E0 max 
Input current limitation -- or 0.5 /0 max, which

Rf 
ever is smaller. With finite value of A, 

E0 = - /;11R1(--A-) (A is negative). 
A-1 

If A is large or source impedance is high, Ea Z -l;n 

R1. Source impedance of l;n should be > > Ri · 
A-1 

At low frequencies, sens1tiv1ty improvement to 50:l 
may be practical. Input current loss to ground through 
R1 and R2 causes error 

K-1 
Feedback division causes a second error e -

A - l 
R1 + R2 

where K = Rz and A = open loop gain 

(negative). R2 may be trimmed to correct these errors. 

With positive feedback, - grid seeks null at + grid 
level rather than ground. Circuit operates to keep drop 
constant across Re. Variations in ZL control the + grid 
level. As value of ZL approaches or exceeds Re, effec
tive input impedance at A drops, due to shift of -
grid null point. 

R; 
Zen = z ~ R )when Ri/R; = R2 /R1 . 

1 + _____'c f 

Re R; + R1 

Ideally, signal source impedance should be low, Re 
larger than ZL, and R; large enough so that Zeff > > 
signal source impedance. Practically, R1 may be pad
ded to correct for these sources of error. E;n > > 
ZLIL for optimum accuracy. 

In the ideal case, source impedance of l;n is very large 
and shift of - grid level has negligible effect. 

In practice, Re and Ri : R2 must be selected so that 

the system is stable and IL will be constant for all 

expecred '°'"" of z, r:~: ":,) ~~ ~ R,) 

Ideally, Re > ZL, R2/R1 = Ri/Rsouree, and l;n < < IL. 
Practically, R2 /R1 should be made 2:: 1 

® 



Amplification - High Input Impedance 

Unity Gain Follower Amplifier 

~~ E,n O 

±25 V max 

R, 1> o----'VV\. 

Non-Inverting Amplifier with Gain 

R, 

I Zo < 3011 

--<------0 E,, 

Ein 

l ~-----0 

>---6---------i"\ Eo 

±25 V max 

c,n = 1 8-25 pf 

Rin > 1 GU 

E = E· (R.f + R;) 
o m Ri 

High Input Impedance Amplifier 
IM 
R; 

E,n 0----11----------+---t 

R; + R1 = R, + R.2 
R; R1 

Negative Impedance Amplifier 

input 
1 -4 feet 220.{1 

T------
0 

.L 1M 

Double- -=-
Shielded 

Cable 

Z,n * = G.0, 2pf 

*may be adjusted for negative R and C 

® 

IM 
R2 

10k 

10k 

lk 

27 pf 

27 pF 

Applications-Type 3A8 

Notes 

Input resistance typically ~ I G 0. Input C ::::; 18-
25 pF. Output is not inverted. For wideband com
pensation, select R1 for optimum transient response 
(Typ. 220-8200). 

Feedback divider may be used to obtain gain > 1, 
or to correct unity gain circuit for gain of 1.0. 

For gain of 1.0, select R1 = R{~ - 1) where G is 

the observed gain without correction. R, may be any con
venient value > 1 O k. 

Negative feedback via R1 sets gain; positive feed
back via R2 raises effective value of R1, also de
creases effective input C. The amplifier supplies most 
of the current required to drive input impedance. 

E,n, + 1 V 

without + 
feedback 

with + 
feedback 

Capacitive compensation is added to the above cir
cuit. The second amplifier drives the coax shield in 
phase with the signal, further reducing input C. Nega
tive resistance and negative capacity may be achieved 
by adjusting -R and -C control. 
With values shown, gain X 2, bandwidth ::::; 5 MHz 
using Type 3A8 unit from low-Z signal source. From 
high-Z signal source, bandwidth may be as low as 

2" 1 RC where R and C are the Z;n settings. 
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Bandpass Amplifiers 

Low-pass Amplifier 

R; 

LF G . - & 
•• 01n - - Ri 

Bandpass Amplifier 

Mid-Frequency Gain = _ R, 
R, 

Typical Bandpass Amplifier 

159 k* C, 

C 

~ ~-
C, and Cf selected by switch: 1 0pf - 1 JLfd 

*Including signal source impedance 

Special Amplifier 

159 k (externall 

10k .001 

3-8 

R, 

900K 

R; 

100K 

Notes 

~t . -~7R,/R; 

Frequency ~ 
FHF 

fHF - 3db point 

l 
21rRf:1 Hz 

Rolloff above this point 
approaches 6db/octave. 

♦ 
C 1~----------0.7Rt/R; •- I I 
D ' ' 
c, I : 

' ' 
Frequency 

' I 
f1,F 

I ~· ' ' 
f~F 

t 
C 
"ii 
C) 

------- 90% 

-- ----- 10% 
Time 

~ tr~ 

Risetime tr = 2.2R1C1 
Response to step-function 

-_vr•-• .,,.; 
_ _ _ ~ _____ - 0. 1 Rt/R; 

I I 
I I 
I I 
I I 

~tr~ 

tr = 2.2 RICI 
1 

f,,F = 27rR;C; 
Step function response t-------Rt/R; 

Rolloff, approaches 6 db/Octave. 
~8R 1 /R; 

~ td l"t- td = R,C, 

X 1 

l.F. Frequency H.F. 

L.F. c, H.F. C1 
1 Hz 1 ,uF 100 kHz 10 pF 
10 Hz .1 10 kHz .001 ,uF 
100 Hz .01 1 kHz .001 
1 kHz .001 l00Hz .01 
10 kHz .0001 10 Hz .1 
100 kHz 10 pF 1 Hz 1 µ,F 

/ Gain, - Rt/R; 

+ R; f 

·6 {X 1) 
C) 

Freq 

~---,. 
: {X 10) , 
I 
I 

' I 

' I 
f, 

I 

f2 

(15.9 Hz) (159 Hz) 

---Hz 
21rR; C1 

l 
---Hz 
21TRJ C2 

® 
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Summation -Slideback Techniques 

Basic Slideback Amplifier 

R; 
fin ,.,__ ____ -"'r\J\----.._-~ 

'------t E ---~ 

Slideback with Large Signal Compression 

. - Rr 
Gam for E;,, = R; (E;,,) 

. -Rf 
Gain for Ear = - (E2) 

R2 

S; or G, signal diode 

Rf 

R; 

E,, 

E;n >------a Eo 

Enc 

R2 

Slideback With Variable Compression Characteristics 

R; 

E;11 

S; diodes 

Window 
Size 

E,, 

Applications-Type 3A8 

Notes 

De offset voltage may be added to signal to permit 
de coupled observation or measurement of a small 
signal at an elevated de level. If R2 < R;, offset volt
age source may be smaller than level to be offset. 

L d . ff f R ·11 b 1· "bl "f Rf + Rf oa ing e ect o 2 w1 e neg 191 e I R; Rz 

< < A. For error-correction techniques, see page 3-3 

Rf . 
Use of lowTgain, and voltmeter at point E permits 

high-resolution de and ac measurements by slideback
null technique. 

For observation of a small signal superimposed on a 
large one, compression of the large signal is desirable. 
Amount of compression will depend on diodes. Silicon 
diodes (e.g. 6045, 6061) provide a linear output win
dow of about + 250 mV. Germanium diodes (e.g., 
Tl 2G, Tl 3G, 6075) provide continuous compression (no 
linear "window"). Additional diodes or resistors in 
series with diodes shown may be added to alter com
pression. 

"Window Size" control, affects compression slope out
side of "window" as well as size of window. Output 
divider (R3 + R4 + Rs) should not be less than 20 K 
and gain should be low, for accuracy. Output inside 
the "window" will be linear over the range E0 

+0.25 k, where k is R3 - R4 - Rs divider ratio. 
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Integration -Gated Operation 

Simple Gating, ( + l Signal 

Signal 
{+ only) 

R1 

1.5 V 

2ov-r-7 ~r---K 
0 V _jscopeL '-'"+l All diodes are low leakage type 

such as 6045 
gate 

Simple Gating for ( - l Signal 

Signal 
{- only) 

R 

1.5 V 

+ Gate ~ 1-----11(" 
~ -

C 

All diodes are low leakage 
type (6045) 

Relay Gating for low Speed ,-----1!---........, 

C1 

R1 
Signal 1..>---JV'V'l.r--------1 

{+ or-) 

±Gate0--~
1 

Signal 
{+or-) R; 

Relay 20 V/5 kfl 

4 type 6045 

!Ok 
I I 

E,, 

L ________ ------------------~ shield 
comp 

[:a17 
9-35 

-~---~Ill 12T on small toroid 

5.6k lOpF 
comp 

,---~,F---~ 

_f7__~r-~._ _ ___,.,,.v,,.-- _ ___.______, 

+ Gate 1.5 V IM 

3-10 

5.6 k 

Notes 

Gated integrator accepts 
positive signals only. When 
gate is zero, output is 
clamped by D2 to approx. 
+o.sv. 
Small mercury cell may be 
used to obtain -1.SV "off" 
level of gate. 

Negative signal can be 
gated by rearranging the 
circuit. The gate wilr drive 
+ grid. When gate is zero, 
output is clamped to 
approx. - 0.5V. 

For very slow speed appli
cations, relay can serve 
for simple gating. Input 
can be+ or-. 

Input 

gate 

output 

Input 

gate 

output 

This arrangement uses diode bridge and gating ampli
fier. It can accept + or - input signals. Output 
signal should not exceed the gating voltage. Using 
oscilloscope gate, any portion of curve may be inte
grated, using sweep delay facility. For singleshot or 
low duty-cycle work, battery, or oscilloscope + Gate 
circuit modification must be used to keep Gate level 
negative during "off" time. If "off" time is less than 
9X "on•·• time, battery may be replaced by capacitor 
and zener diode. 

6V 

~ 
330f-tf, 6V. 

Note: 
Similar to Tektronix gat
ing adapter Part No. 
013-0068-00 

Off time = 2 sec max for value shown 

® 



Differentiation 

Gated Differentiation 

® 
0.1 V/cm 

m±J 
(Gated) 

For gate-driving circuit, see opposite page 

/' /~ / ® 
Amplifier Linearity 1. ta 

"/ l's/ 

® 

Applications-Type 3A8 

Notes 

1. Waveform to be differentiated. 

2. Differentiation without gating. Steps at start and 
end of ramp produce large transient which may over
load scope input, make measurement of ramp linearity 
difficult. 

3. Gated operation. Transients are eliminated, allow
ing accurate evaluation of ramp. 

1. Input to and output of Amp. under test. 

2. Output of Amp. under test. Differentiated waveform. 

3. Elliptical display on oscilloscope. 
Vertical: Differentiated output. 
Horizontal: Input ramp to amplifier under test. 
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Voltage-Current Conversions 

Constant Voltage with Current Monitor 

R1 

R, 

-R 1E;,, 
Ezt = _R_;_ 

Constant Current with Voltage Monitor 

R1 

3-12 

Ez1, 

Eo 
- R. 

E0 = Ez 
/, 

Notes 

A practical circuit for component-testing, where ZL 
need not be grounded. Rz/R1 should be equal to RJR1 

and R3 <ZL < < (R1 + R2). R1 may be trimmed or 
padded to correct for tolerance or system errors. 

Type 3A8, EzL and E0 should not exceed +25 V. 
(lzL + IRLJ should not exceed 7.5 mA. 

Monitor amplifier A has very high (Gfl) input im
pedance, so has negligible effect on current through 
ZL. A small (= 2%) correction may be necessary for 
gain of A where high accuracy is required, thus: 

R, = R, ( l - 1) 
Observed Gain 

® 



Applications-Type 3A8 
NONLINEAR AMPLIFIERS 

low-Frequency Applications ("log" diodes) 

Theoretical Logarithmic Amplifier 

-
~ 

E ill 

~ 

Input Must 
be positive 

logarithmic 
Amplifier 

Approximate Logarithmic Amplifier 8 diodes- stabistor 
G130 

(Texas Instruments) 

1 OOk 

-
E,, 

-

>----i------u E, 

Input Musi 
be positive 

100k 

!Ok 

(±20v max) 
R; 

(B) 

100k 

Improved Accuracy 

® 

>--+------o E,, 

4 - G130 

----~ 

>-----+----o E,, 
I 

I 

I I 

~--2~~J\'t.,-:--.---J 
, Linearity 

Adj. 

Notes 

2 

I I 
-l-- - - - -,- -

1 10 100 
u.," - I 

-2 -(I!) 

Input, E; 
(not to scale) 

An advantage of a true log amplifier is its capability 
to accept a wide range of input signal levels. Since 
input can not be negative, a symmetrical amplifier is 
recommended for ac measurements. 

l -2 
-; 
0 -9 

0 

I 
T-

.J------+-
I 10 100 

Input 
+ 25 V (not to scale) 

Simulating a true log amplifier. Bias 1s adjusted to 
give zero volt output when input is + 1 V. When input 
is zero, amplifier saturates to ;::::;25 volts. Many ger
manium diodes can be used such as Tl2G. Stabistors 
are recommended for more dynamic range and con
trolled characteristics. 

Circuit (A) provides very high (;::::;GQ) input resistance 
for low level applications. E;n +20 V max. Circuit (B) 
permits output level to be adjusted by selection of Rr 
and R;. 

Small mercury cells may be used for bias to obtain 
better accuracy, especially at low levels. Disconnect 
cells when not in use. Improvement for a given appli
cation is obtained with a linearity adjustment pot. 
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Wideband Amplifiers (Signal Diodes) 

Simple Nonlinear Amplifier 

R; 

100 k 

Expansion Amplifier 

R1 
100 k to 10 M 

'>------------<n E,, 

Logarithmic Amplifier 
(fast response) 

2 - 5.6 pF H.F. Comp 

±o.1 V to 100 V 

10 k 10 k 
Ei11 

Same, with AC-coupling option 

,,------f~1;-i.U---7 2-8 pF 

I ..----,,C...1-,lj~----. 

~---~- 10k 

2.7M 
ED2007* 

10 k 151<' 

*Selected and matched. See appendix. 

3-14 

' 

Erie 
2007* 

E,, 

± 100v Cal 
I 

ED2007~ 

5k 5.6 k 

Notes 

If Germanium diodes are placed in the feedback 
circuit, this amplifier acts as compression type 
amplifier. 

Input 

E0 .30S + .1 S log11,E;,, 

.61 ~-~----~--
.4S2 

Output .305 - -

.15 

Tr ;::::;200 ns 
T1 ;::::;300 ns 

0 

For 10 V signal. 

. 1 10 100v 

Input (log scale) 

Diode pairs must be carefully selected. 

Input time constant can be long with use of tantalum 
electrolytic capacitors connected in series, thus: 

In ~~r=--±,F-.±.Jr=-oout 
1.0 1.0 1.0 1.0 

The tantalum capacitors can have a small reverse bias, 
so two 0.5 ,uF 100 V, or four l .0 ,uF 50 V units can be 
made to provide 0.25 ,uF l 00 V service. This entire 
adapter is available (assembled and calibrated) from 
Tektronix, under P/n 013-0067-00. 

® 



Transistors As Passive Nonlinear Elements 

Approximate Logarithmic 

100 k 
Ein n---..J\.fV'~--------t 

Input must be positive 

Symmetrical Nonlinear Amplifier 

a 

t 50 k 

fill T12G 

t 
b 

Symmetrically Compressed Amplifier 

+Bias 

Nonlinearity Control 

100 k 
Input O--..J\.tv\r---+---+-------1 

1 

Input 
2 

® 

100 k 

Selected NPN 

E0 = - A logb E;,, 

D b 

E,, 

E,, = - A logb IE;,,I 

10 k 

">---+----uOutput 

Applications-Type 3A8 

Notes 

Certain NPN transistors exhibit logarithmic voltage
current breakdown characteristics in the reverse 
direction. This arrangement can accept only .a posi
tive input signal. 

Selection of NPN transistors may make this type of 
logarithmic amplifier impractical since the use of 
certain type diodes can give more predictable 
logarithmic characteristics. 

(only advantage is high level output) 

To accept positive and negative signal two transis
tors (matched) are used. Signals are same as 
listed above. 
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Vacuum Triodes As Nonlinear Elements 

Square Root Amplifier 

Input must 
be positive 

(1 0v to 1 0Ov) 

200 k 

Eo=-vf: 

Root Function 

200 k 

I 

Eo = - K IE;,.I" 

E1,, 

3-16 

1M 

6V 

>---- ..... ------0 Eo 

">--------------0 E,, 

100 k 

" 
Eo = -K E;n 

E,, 

Notes 

Certain low-µ, triodes such as l 2AU7 or Nuvistor 7586 
may be placed in the feedback circuit to obtain 
square root characteristics. 

Two triodes placed back to back in the feedback 
circuit. By adjusting bias, the root may be varied 
from approximately .9 to l 0. 

+ 

+ 

If the triodes are placed in the input circuit, power 
function may be obtained. The power may be varied 
from .9 to 10 approximately. 

® 



Zener Diodes As Nonlinear Elements 

limiter Amplifier 

R; 
(a) E;,, 0----VV\~-_..,_ ___ --1 

100k 

(b) E;,, >-----------a Eu 

Z, 0 1 

Squaring Amplifier ~---1 .;,t----lC ~--~ 

Eo 
10 k 

Compression Amplifier 

100k 

R; 
>-------u Eo 

100 k 

Expansion Amplifier 

R; 

Ein ~-----'VIJ\,.--------~ >---------<u Eo 

® 

Notes 

a. If back to back Zener 
diodes are inserted in the 
feedback circuit, the out
put voltage will be 
limited by the Zener 
breakdown voltage. 

lb. For perfect symmetry, use 
one Zener diode and 
diode bridge as shown. 
Low - C, I ow - I ea k a g e 
diodes allow more accur
ate, faster operations. 

If the feedback resistor in 
the above amplifier is re
moved, the amplifier pro
vides very high gain near 
zero signal. With this ar
rangement the Zener diodes 
are coupled with low capa
city diodes to m1n1m1ze 
Zener diode capacitance. 

For perfect symmetry use 
diode bridge as above. 
(Additional series diodes 
are not required.) 

A variable resistor in series 
with the Zener diode in the 
limiter amplifier can control 
the amount of compression 
for a large signal. For sym
metry, use bridge arrange
ment. 

Applications-Type 3A8 

' ' ' 

-Ez, 

R 
slope = _ __i 

R; 

' ' ' 

Ein 

-----+---- Ern 

Slope 

E, 

R slope = _ __i 
R; 

E; 

'- R' R1 

R; (R' + R1) 

Input and output circuits are reversed in this amplifier 
to obtain higher gain for larger signal input. The 
diode bridge arrangement may again be used to 
provide symmetry and reduce capacitance. 

R slope = _ __i 
R; 

I __ R1 (R' + R;) 
s ope - R' R; 
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Zener diodes-Simulation of Nonlinear Mechanical Phenomena 

Dead zone 

I 
l, 

~ ( 10 kl reduces effect 
<i of diode leakage 

I 
_!,._ 

Zener diodes back to back 

Backlash 

E;n 

Relay 

E;u 

3-18 

Ez 
1 

10 k 

c, 
.01 

>-----<---o E,, 

Simulating a dead zone 

Bridge arrangement (p3-l 7 
may be used where sym
metry, capacitance or leak
age are a problem. For 
asymmetrical operation 
with minimum leakage and 
C, use input circuit shown: 

Type 6045 
diodes z, 

E;,, ~ 
z, 

Input Circuit 

Simulation of backlash: 

R 
/Slope= i 

/
1 

Eo 

~ Ez, 

--~--+-~-- Eiu 

dea~z, P 
zone 

The capacitor serves as a memory to hold the output 
constant as E;,, moves through backlash zone 
(changes direction). 

For low-leakage memory, use small (hearing-aid) 
batteries and low leakage diodes 

6045 -c::r-

Representation of polar
ized double-throw relay 
which has equal pull-in 
and pull-out current. 

Asymmetrical systems 
may be simulated by using 
Zener diodes and signal 
diodes in series as in the 
"Dead Zone" notes above. 

Ez, 
Ez2 

-R1 
Slope= R; 

E;11 

Backlash Zone =(Ez, + Ez, 

---L--+---,----E;n 

Ez, 

® 



Absolute Value Amplifiers 

Full-wave Rectification 

R; 
E;11 

Full-wave Rectification !low levell 

lM 

GAIN= 10 

E,, = [E;,,[ 

® 

E,, = [E;,,[ 

100 k 

E,, 

1 

100 k i GAIN= 10 

Applications-Type 3A8 

Notes 

Output gives full-wave rectification of input. Output 
is always positive sign. Diodes contribute = .3 
voltage drop. 

Input ~v , 
Output 

Byinsertingan amplifier 
ahead of full-wave recti
fier, the effect of diode volt
age drop is reduced by 
the factor of amplification. 

This technique may be 
applied to low level full
wave rectification. 

E,, 
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Switching Circuits 

Bistable Comparator (± input) 

100 k 100 k 

Bistable Comparator, Inverting 

100 k 
100 k 

100 k 100 k 

Bistable Comparator, unidirectional 

+ 

100 k (a) 

3-20 

PULSE AND DIGITAL TECHNIQUES 

Ez E,, 

100 k 

Notes 

The bistable comparator incorporates a Zener diode 
as a reference. The input voltage is compared against 
the reference diode; when the input voltage becomes 
equal to the Zener voltage, output will flip to 10 V of 
the same polarity as input. 

Use of different references for + and - compari
sons is possible. 

; 
a. 
; 
0 

+10 

~·· ~+ 10 V 
--+---1.....---:--

Use of decoupling diodes 
improves switching time. 

- 10V 

l n put 

Similar to above, but ~utput will flip to opposite 
polarity. 

; 
a. ; 
0 

+10 

-10: 
i+ 10 

Input 

-10 

Single Zener diode flips comparator when E;n = +Ez 
and resets when E;n = 0.7 V. (Reset level governed 
by forward resistance of Zener). Reset can be made to 
occur at 0 V if -grid is returned to about +0.7 v. 
Comparator point will become Ez -0.7 v. Bias may 
also be injected at (a) for same result. 

Ez + 0.7V 

E;,, +~z-, OV 

E0 + 0.7 V : - 0.7 V 

-----\!A- -M--

- E z _TL 
® 



Bistable Multivibrators 

Bistable Muitivibrator (single input! 

.001 

E; 0-------;l 1----..._-__, 

10 k 

Bistable Multivibrator (two inputs) 

~o--l--------4 ~---,.__ _ __,.,.!Vlr----¼-----U f,, 

.001 

10 k 

Bistable Multivibrator (+ 2, unidirectional input) 

100 pF Input diodes: 
Type 6075 or equiv. 

4.7 k + 

Ei11 

L 7 22 k 
12 k 

__r-f,, 

4.7 k 

® 

Applic::ations--Type 3A8 

Notes 

Output flips to + 10 V when an opposite-polarity 
pulse arrives. Once flipped, additional pulse of the 
same polarity have no effect: 

Input 

AC (pulse) toggle switch action can be obtained. 

Input l111,:s,:r1~__J ___ ___,. 

Input 21s,:n 

Output 

Input amplitude > Eoxl O k + ( 2 X 0.7 VJ 
110 k 

Transistors perform steering function to provide.--;- 2 
action. Lag time-constant in transistor base circuits 
is selected for application. 

5-10 V 

Input n n n n n or 

or 

r7 r7 r- +7V 

Output J L_J L_J 
0V 
-7V 

Transistors may be any moderately fast comple
mentary pair (see appendix). 
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Digital Conversions Notes 

Pulse-Height to Time Converter 
C2 100 pf 

~ 1 V to 50 V 

jL_ C1 

1 
R 

-6V 

Time to Voltage C, 

+o 
_ l__flJ 

100 k 6045 

-6V 

DC Voltage to Frequency Converter 

+ DC Voltage Q--J\,vv-.,..-------+--, 
2M 

Binary to Voltage Converter 

10 k 

_.I7_ 
(Hundreds) 

(Tens) 

_n_ 
(Ones) 

3-22 

8 o-~2-0-k-l\lVlr---. 
40---#\N---
2 o--4;.;;0..;k"-",.,,,_ __ _. 
l 80 k 

100 k 
8 o-'2""'0""'0-.k~,,..__----, 
4 °'""'4"'0"'0-ek_,,,.,,.,.._ _ ___. 
2 ~~~-~.-,-----, 

800 k 

1M 
B o--,2,...,..,M~,.,.,_-- .. 
4 o----;.;.;.."W.,__ ..... 

2 o--4....;M.;.;...,IIAA--◄ 
BM 

With a positive input pulse, 
C1 and C2 c.harge, causing 
the output 'to step down. 
This voltage is discharged 
by the integrator. 

A input gate opens the + 

Input 

E, E2 ~3 ,E• 

l l ~ ~ 
I I I I 

O~tput : I l 

~ 
I ' I 

RC, 
t = ~ Epulse 

, ./1 diode, ~llowing the integra- 7 l7 l7 I 
>----,.___,,,,,. L.....---L tor to integrate at a con- L_J L_J LJ 

100 k 

80 k 

Full scale voltage 
= - 1 0 Epul.•w 

E,, 

stant rate. The ramp am- ti 1 1 t, , 1 t,, 
plitude is thus proportional : I E2 : ! 
to the time. ; 1 1 

L_ _ __y' E3 

This will provide a conver
sion factor of approximate
ly 1 kHz per 10 volts input. 

1 kHz 

~ 
C 

I 

I 

! .5 ----
____ _I 

I 
I 
I 
I 

Cl" 
! ... 

0 "'----'----.,__ 
0 5 

Voltage 

10 V 

Simple binary (BCD) to voltage conversion is accom
plished by summing input pulse voltages through the 
properly weighted input resistors. 

If input pulse is -1.0 volts, the full scale voltage will 
be +9.99 volts. 

Gain error = 1 
A 

----~ if BCD signal source 
A-1-16.65 

(esp. 'hundreds' signal) has low impedance. 



Peak Memory Circuits 

Basic Circuit 

6045 

' 125 V 
max) ~ 

+ Isolation Amp 

I Reset I ~ 
Holding 
.001 lo 

C 
1 µF 

Fast Response Peak Memory Amp. 

I 47pF 
I Reset~* C + 4 .001 to 

Integrator Peak Memory 

.1 µF 

Output 

E,, 

Eo low 
by E drop 
across 
diodes 

.---------"""'-/Vv----------, 

f,, 

® 

Applications-Type 3A8 

Notes 

Input E; 

Output E,, 

The holding capacitor is charged through a low-leak
age diode. Since the leakage of the diode (1 nA) and 
grid current (.5 nA) are low, voltage E0 can be held a 
relatively long time. Limited by source Z, forward R 
of diode. 

Input f;,, 

Amp A 

Add diode drop 
Output f,, 

Two amplifiers cascaded will reduce input loading. 

Integrator 1s used as memory to improve de accuracy. 
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Sample-Hold Amplifier 

Basic Circuit 100 k 

s 

Gain = + 1 

C 

C1 
.001 

Integrator memory 

S - switch momentary close to sample 

Sample Hold amplifier (Passive gate) 

Sample 

HoldJlJl 
100 k 

100 k 

Hold D 

Sample·TT-
2 

For Lower Signal level 100 k 

10 k 90 k 

100 k 

Driven Gate 

100 k 

100 k 

I I 

3-24 

.001 

Use low-leakage diodes • e.g., 

Type 6045. 

.001 

r-=n Sample 

1 __J L Hold 

Notes 

{Illustration of sample hold circuit.) 

This circuit is often called integrator memory: 
When the switch is closed the capacitor is charged 
by the first amplifier. When the switch opens the 
integrator holds the voltage until the switch is closed 
again. 

Input 

Sample I 

Passive gate provides out
put of Ein - 2Ed for each 
sample, where Ed is forward 
drop of gate diodes. Ad
vantage of passive gate is 
that "sample" command + 
and - pulses need not be 
perfectly balanced since D1 

and D2 simply disconnect 
during "sample" time. 

command ,.__,._,L-t,'-'''-'"'-1'-l'--''-•I 

pulse 

Output 

If diode forward drop is significant in the circuit 
above, gain may be added to input amplifier to 
minimize this effect. 

As above, but battery provides "hold" voltage; bal
anced "sample" pulse obtained via pulse transformer. 
Battery voltage must be greater than expected input 
voltage; "sample" command pulse larger than battery 
voltage. 

Battery may be eliminated 
if sampling rate is high and 
hold ,;me ;, cot locg, _1 CoD 

® 



SAMPLING OSCILLOSCOPE TECHNIQUES 
Applications-Type 3A8 

Processing of Equivalent-Time Signals In Real Time. 

Sampling Integration 

Sampling Scope 

Input 

DC - I kHz 

Vert. 
Sig. 
Out 

Sampled-pulse Integration 

. SM 

~------
from 
661 

R 
E in n----'VV\.,-----<1..._-----t 

+ 

SWP. 
GATE 

Sampled-pulse Differentiation 

From 
Sampling 

Scope 

IM 

100 pf 

1M 

10 k .01 

Possible risetime compensation circuit 

IM 

E111 

c, 

IM 100 k 

10 k 

c, 

® 

integrator 

47 pf 

1M 

100 k 

Notes 

Sampled-data contains many high frequency com
ponents as well as desired lo,ver frequency signals. 
In many operations, it may be necessary to insert a 
smoothing amplifier before the linear operation. It is 
possible to integrate a repetitive signal to approxi
mately 1 GHz using sampling scope vertical signal out . 

For differentiation and integration it may be necessary 
to drive the sampling oscilloscope horizontal with a 
slow external ramp to force a fixed real-time equiva
lent-time scaling factor (See Appendix). 

Sampled-pulse may be in
tegrated to obtain area of 
the pulse in volt seconds. 
Proper scaling factor to 
convert real time to sam
pling time 1s necessary; 
real - to equivalent-time 
ratio must be held constant. 
For details of gating circuit, 
see gated integrator. 

Differentiation of sampled 
pulse may be performed 
after passing the sampled 
signal through a smoothing 
amplifier. 

Additional H.F. limiting cir
cuit is necessary in differ
entiation. Here again, time
scaling factor must be held 
constant in sampling oscil
loscope. 

This circuit can provide 
possible risetime improve
ment, however this type of 
compensation is applicable 
only to a given frequency 
and a given sweep speed. 

l - 1 
! 
\ ----------

__!:___;~---
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WAVEFORM GENERATION 

L. F. Function Generators 

Triangle, Square, Sawtooth Pulse and Generator 

Square 

Wave Out 

J7SL 

100 k R 

0----K 1----'VV'v-~R 

10 k 

risetime approx. 1 µ,s 
~-----I 

100 k 

200 

C 

A 

100 k 

Notes 

Combining an integrator and a bistable comparator, 
precise low frequency waveforms can be generated. 
Operational amplifier B is working as a bistable 
comparator which switches when input reaches 
+ or - l O volts for ± l O volts square wave output. 

Triangle 
Waveform Out 

(a) 

Normal waveforms at (a) and (b) are 

/\, / + 10V 
(a) 

V -l0V 
f = _1_ 

4RC 

(b) _J9J + 10V 

- 10V 

(b) -----.----'VV',..-----____..__ ________ -'V\/\r------' 
When switch S, is closed, 

L1 /1 + 10V 

± 1 0 V or two Zener diodes 

Stair-step Generator 

1fL 

(a') V V V - l0V 

f = _1_ 
2RC 

LLL 
+ 10V 

(b') - 10V 

This arrangement provides a convenient laboratory 
stair-step generator. In applications such as pulse 
rate countdown, transistor base drive, or pulse
controlled time base. Amplifier A operates as a 
pulse integrator and amplifier B functions as a 
bistable comparator. Through use of the trigger 
selector switch, the circuit can operate in either a 
repetitive or triggered mode. 

KC; E;,, ,rJl 
E,, per step = 0 S V 

I .001 

±1ov 

Ul 
Ext Trig. (Single trigger should be negative going) 

D, = very low leakage silicon diodes (Type 6045 or equiv.) 

D, = Any signal diodes (Tl 2G or equiv.) 
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.001 

E,, 

Trigger 
Selector 
Switch 

E 
u 
> 
0 

STAIR-STEP Generator 5 v/cm Sweep 2 msec/cm 

® 



Sine Wave Generators 

1 
f = --

21rRC 

R 
vv 

_l_ 

Ge Diodes+ 
15v "Soft" 

Zener, 

/. 
or RT-6 

double Zener 

15 V ---------

R 
vv 

C I-2C C 

-----,(~(------1..-- -R-/2-------i):>-------

'---------l- ~ 
>----------------+-----/"\..,,, V ~ 100k + > 

~ 
,.. 10 k I STABILITY I --= 

® 

Applications--Type 3A8 

Notes 

A very low frequency sinewave can be generated with 
twin T filter network in the feedback loop of an op
erational amplifier. Positive feedback is provided to 
sustain oscillation. Amplitude is controlled by the non
linear impedance of Zener diode in the negative feed
back. Adjust STABILITY control for stable output and 
best waveshape. 

+sv 
(c),.,..-.....__ 

• ~-SV f =-'-
2rrRC 

Zener type should be selected for a gradual ("soft") 
knee. If an output amplitude of 4v p-p is adequate, 
Type RT-6 double Zener may be used to replace 
bridge circuit. Reject Zener diodes (High dynamic 
impedance) often work quite well. 
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Arbitrary Function Generators 

Segments Function Generator 

SLOPE 

_/L 100-150V 

200 k 
o, 

D:i 

D, 

* D10 --~ 'VV' 

200 k + 

9 Diodes, D, to D,o are 12 to 1 5 V 
Zener diodes For 1 00 V sawtooth, 
use 8-1 0 V Zener diodes. 

2 

3 

4 

10 

Segments Function Generator [ Independent Segments) 

' L- _ _ _ ___ I 

3-28 

10 k 

10 k 

A 

8 

Notes 

~-~ 
s 

2 6 

~10 

Straight line approximated function can be generated 
with the aid of Zener diodes and potentiometers. Zener 
diodes are normally cut-off. As sawtooth is applied 
Zener diodes start conducting at even voltage intervals. 
Slope of each segment is adjusted by the potenti
ometers. Note that no external voltages are required, 
except the sweep sawtooth. 

Segment slopes in the above circuit are additive. To 
obtain more independent adjustment of segments 
2-10, cancelling signal is fed back to ea~lier-segment 
potentiometers. 

® 
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Arbitrary Function Generators-Optical Techniques 

Simple System 

0 

Cut out mask 

Ve,tical Amp Oulpul 

Differential Fast System 

Ii ----------- --v 0 ---------
-- Polaroid filters 

To er! 

+ 

Vertical Amp. 

Mask Cutting 

r t / -----.~ ,.__. --~~ .. 

<LJ: .·.· ... ·.•·· ... ·· _, I .·.· ·.• . . . 
·'•; .•:•: .. 

Applications-Type 3A8 

Notes 

A light sensitive element is placed in front of the crt 
and the mask. If the beam is above the mask, a nega
tive signal will be produced to force the beam to move 
down. Normally the beam is positioned above the 
mask so the beam tries to go up; however, the light 
feedback does not allow the beam to show too much. 
As a result the beam follows the cut out mask. De 
coupled signal can be obtained at the output of opera
tional amplifier. 

With the simple system, spot size must be small to 
obtain good resolution. When operated at a low light 
level it will suffer in speed of response. 

The differential system incorporates polaroid filter 
masks and two light sensing elements. Substantial im
provement in speed and resolution may be expected. 

When the beam spot is in H plane the light is sensed 
by light sensor A. B will not receive light since the 
filter is out of phase. The signal from A will force 
the beam to move down. If the beam spot is in V 
plane, it will be forced upward by B. 

The light pickup is differential. The beam action is 
moved push-pull. With a cadmium sulfide photocell 
(Clairex CL-404), response is limited to the millisecond 
region. Faster response may be obtained from vacuum 
phototubes, phototransistors or photomultipliers. Sys
tem is ultimately limited by oscilloscope delay phos
phor risetime and decay, etc. (l 11,sec response is prob
ably the practical limit.) 

Suggested application: integration or differentia
tion of photographed or drawn waveforms or shapes. 

The mask can be under cut to improve response time. 
The polo roid filter may be cut by using a hot resist
ance wire; the temperature can be adjusted by 
controlling current. 
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SEMICONDUCTOR STUDIES 

Tunnel Diode Studies- Curve Tracing 

Tunnel Diode Stability 

R 

L 

Tunnel Diode E-1 curve 1 k 

A 
100 k 

1 k -6V 

100k 100 

/ 
Current 

sampling resistor 

Tunnel Diode dl/dE vs E curve 

~--
0-S0k .001 

3-30 

-Rd C 

T.D. JIG 

1 0, H.F. termination 
networks 47 n and 1 µF 

10 µF 

10 pF 

1M 

Current 
Sig. Out 

Notes 

Tunnel diode stability criteria are given 

R=O 
L 

R=
RdC R = Rd 

osc. 

...._,_., 
a 

STABLE 

a. (can be made conditionally stable 
at low frequency) 

SWITCH 

R 00 

Operational amplifier with additional E.F. can drive 
tunnel diode with very low impedance. 

T.D. jig stabilizes diode at high frequency. Thus 
tunnel diode may be driven by very slow ramp. 

Linear drive of tunnel diode allows differentiation 
of current to obtain dl/dE curve, plotted against E 
(oscilloscope sawtooth). Input to differentiator is 
current signal output from curve-tracer above. 
l 0pf capacitor compensates the differentiator; 
SOK pot reduces system noise. 

di VS E 

di 

dE 

dE + 

Conductance O r--f,;~--::::;;.-,-,;,-"'---- f 
Curve 

Tunnel diode quantum phenomenon may be ob
served at very low temperature. 

Some tunnel diodes in liquid Helium indicate wiggles 
on the conductance curve. 

di 
dE 

® 



Tunnel Diode Studies, Switching characteristics 

Tunnel Diode Switching 

Large R 

CD = Equivalent diode capacity 

Block Diagram 

+ 

la 

Analog Solution of Risetime* 

lM 

lM 

100 k 

100 k 

100 k 

la 

id 

Ea 
Integration 

FIEdl 

C 

la 

*It is possible to compute diode capacitance from diode switching time. 

® 

Ea 

Applications--Type 3A8 

Notes 

Assumptions: 
i") Lead inductance negli

gible. 
2) Diode capacitance as

sumed constant. 
3) Constant current ap

plied to the diode. 

la F (Edi 

'----+------+---- Eo 

I = applied current, la = diode current. 

le = current to charge diode capacity 

Summing all the current at the node of Ed, we have 

1 - le - ld = , ...................... ] 
le= 1 ld .......................... la 

E; - EP 
1 = R .......................... 2 

le = cf-d~d .......................... 3 

ld = F (Ed) ............................ 4 
Integrating (3) 

Ed = ~d f le dt ................. , ..... 5 

Subsituting eq. (la) 

Ed = ~d f (1 - 1 d) dt ................. Sa 

The equations (4) and (Sa) are represented by the 
block diagram, and operational amplifier circuit is 
shown at left. 

sLhJ 
___ J_ -

If the integrating capacitor C is chosen 0.01 µF for 
diode capacitance, Cd 1 pF; the scaling factor will 
be 1 ns real time equal to 10 ms analog time. 
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Voltage-Current Conversions 

Semiconductor Leakage & Capacitance 
Measurement- Precalibrated Drive. 

__/L 100-lS0V 

= 2s CAL 
(shield) 

I 
- ----+---

10 V/cm 1 ~.., 

>o---it--C),6---0- -IC I ,_ --0--------1 

50 k 
I "j"J 

' 
VAR 

___ .,1 __ _ 

' I 
_!,._ 

( R, + R2) 
- ILR.f --R.,- . 

For R, = 1 0 M, R, = 90 k, R, = 1 0 k 
Eo = 100 mV/nA 

<i 

Iii HHGP-·~~~ t 0 1 2 3 4 5 6 7 8 9 10 

-- Vapplied 

------200 ms/cm (Leakage) 
- - - 2 ms /cm (Capacitance + Leakage) 

Vertical displacement of trace al faster sweep indicates junction 
capacitance 

C = 1 dt/de = Trace displacement X Time/Cm 
Horizontal Volts/Cm 

lnA X 2 ms 
In example shown, C = 1 V 2 pF. 

Indication will be in error (especially at start of trace) 
if sawtooth attenuator is not compensated or if sweep 
is operated at a high rep rate. 

Semiconductor Leakage & Capacitance 

-Uncalibrated drive with monitor. 

A 6061 lM 
10 k 

A 

20 k 

EoA 

50 k 
EoA = 10mV/Vdcive 

E,," (as above) 

-i~~--0---------, 
' '" 

B 

R.1 
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Notes 

Oscilloscope sawtooth provides both horizontal deflec
tion and calibrated drive to junction under test. Slow 
sweep (e.g., 200 msec/ cm) provides vertical deflection 
proportional to leakage; vertical displacement of trace 
at faster sweep (e.g., 2 msec/ cm) is proportional to 
capacitance. 

Divider R1, R2, permits nA sensitivity with reasonable 
values of R1. Diode D, (use low-capacitance type) pre
vents slight negative quiescent level of sawtooth from 
forward-biasing junction under test. 

Construction of test jig is critical. Leakage and capaci
tance paths must be to ground, not terminal-to-termi
nal. Tektronix P /N 432-0032-00 diode-holder may be 
used if mounted to ground plane with large binder
head screw, thus: 

Both test jig and R1 should be shielded for high
sensitivity measurements. 

System errors: 
Use of divider R1R2 to ground causes some input 
current to flow through RJ and divider to ground 
(negligible if K < 20). Actual error is 

KR1 ------~---- where K 

KRJ + (Rf + ~) (l - A) 

K - l 
Error due to division of feedback voltage is --

A - l 

(Open loop gain A is negative). 

R, 

0.9 R, 

0.2 R, 

R2 may be reduced in value and padded to correct 
accumulated system and tolerance errors: 

Leakage Current Adapter available from Tektronix. 
Order from local Field Office or representative Part 
No. 013-0086-00. 

® 
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Zener Diode Tests 

Noise Characteristics 

A 100-lSOV 

EinU----~ 

C; 

Zener Noise Measurement 

_/L_ 

C; R; 

Applications-Type 3A8 

Notes 

Variation of Zener noise with current may be evalu
ated by driving Zener with current sawtooth, 
differentiating output. 

Zener current 

Example: Motorola 1 /4 Ml0Zl0. 

Vertical, 1 V /cm; Horizontal, 13 V / cm. 

R1 = 70 k, C; = .001, Rf = 200 k. Noise minimum at 
500µA 

(Not all Zener diodes show these minima). 

lz 

0 

0 

µA 

13 26 39 52 65 

43 230 410 600 790 

130 V 

1.85mA 

Actual (p-p) amplitude of Zener noise is obtained by 

adding R; to circuit. 

Eo = ~ (Enoise), for mid-band components. 
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Transistors 

fJ vs Vee Ice h + v('C 
R 

(NPN) > C> 
Aoo-~iso v3~_R_,_ ----i~ l j 
0 ·v·v·v ----~ >----To ..... ~ert 

~ ~ 

/3 vs Vee Ice 

(PNP) 

100-150 V 

--

160k 
A & 

VVv 

A ~ 150k 
n...J\"A "/\--.a .I ~ . AA 

u ;; v~)~(R:) 
"s_J 25V 

max 

3-34 

--
VVy 

To Horiz 
(Vee lcl 

-

~If---~ '--0 l C; ~Vert 

~ R,. 
◄ 

To Horiz 

-

Notes 

Differentiation of collector waveform as base current 
is linearly increased provides vertical deflection pro
portional to (3. Horizontal deflection represents all 
Vee, Ice points along (Rd load-line. 

Where Ed is the voltage of E;n at 1 0t, and t 1s the 
sawtooth Time/cm setting. 

For PNP, base drive must be inverted. Beta is calcu
lated as above. 

Example: 2N970, Vee 6 V, RL 1 k, Ed, 30 V, Time/cm 
0.1 msec/ cm, R1 500 k C; .001 ,uF vertical sensitivity 
2 V /cm. 

I 

lclmAl 0 0.6 1.2 1.8 2.4 3.0 3.6 
Ve CV) 6 5.4 4.8 4.2 3.6 3.0 2.4 

4.2 4.8 5.4 
1.8 1.2 0.6 

l 
6.0 

0 

80 

60 

40 

20 

0 

®! 



Applications,-Type 3A8 
COMPONENT TESTS 

B-H Loop Plotting 

B-H Curve Plotting 

C 

lM 1M 

....,___N_,E__,-K N cl,b I 1 
µl:legralor 

2 - 2 2 cit L.F. Rej 
_ _ 1 Hz 

Current sampling 

resistor. 

- -

8 

to Vert. 

H 

to Horiz. 

Notes 

H 

The voltage of the secondary is E2 = K2 N2 ~~ 

Integrating E2, the output Ea will be proportional 
to the flux cf,: 

Ea = -=-! f K2N2 --5:!._<J, dt which equals 
RC dt 

-K2N2 cf,. 
RC 

Since B = p_ (where B is flux density and A is core 
A 

cross sectional area), B = -RC · Ea. 
K2NzA 

M . . f H K1N1 • I agnet1z1ng orce, = -l-

(l is the flux path length and I is the current). With 
a current sampling resistor of 10 0 in the primary, 
I = Er and H = K1N1Er 

10 10l 
If A and l are given in square meters and meters, 
K1 = K2 = 1 

3-35 



Applications-----Type 3A8 

INDUCTOR MEASUREMENTS 

Inductor Evaluation 

CL 

Cs ,, 
1--- :~ I 
I 

L_ ~---:,{---~ I Rf : ... vv 

3-36 

0-~ 00000 
L 

Practical 
Inductor 

R; ~ 
u..,euv•, ..,-...._-.I\ ·..,A "..,.A•..,. r-<9------t >---+--n-

RL V CL~~~ 
C, R; 

IC, ::::: 3 pFI 

Notes 

Evaluation of step response indicates effective RL 
and C1, components: 

7 is 0-63% or 100-37%. ♦ 

E;, R, 
R; 

t 
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Resistance Measurements 

Conventional Resistors 

Calibrator 

1 \I p-p ±2% 

(Sou«e Z, 
300fl) 

Voltage Coefficient (0-1 0Ov) 

Rf= R/100 

__/k00-150 V 

R 

Nonlinear Resistance (Varistor) 

Rf 

10 k - 1M, ± 1% 

R 
E,, = 2 volts p - p R . 

Cu200 
C1 , , 

,--- ---a~ - - - --, 
•1 I 

1- - - --- --{:~--- -- ---, 

: 0 1 I 

:------ --!~ - - - ---~ 
I C1 I 
I I 

I 
I 

(50k-1 Ml 

Eo 
0 

To Vert 
C, l ~ l 

t ~-------0 

~ l,110.r 

® 

= E;,,(max) 
R; 

To Horiz. 

(25 V max.) 
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Notes 

For output 0-10 V, measurement accuracy is essentially 
the tolerance of the calibrator voltage and resistor 
used for Rr. Using oscilloscope calibrator and internal 
Z1 accuracy is 3% or better. For values <SO k, drive 
unknown with Xl amplifier. 

Resistor voltage coefficient may be determined by 
differentiating a ramp, the linearity of which is con
trolled by resistor under test. C1 may be used to limit 
noise; Diode 0 1 prevents sawtooth flyback from 
causing overload. 

First operational amplifier applies linear ramp of 
current to varistor used as R1. Voltage across 
varistor is used for horizonta I deflection. Output 
of differentiator is proportional to R. (Use slow saw
tooth) Diode D1 prevents flyback overloads; capacitor 
C1 (<,; C;) may be used to reduce noise. 

·fr~ s _..,,o 25 
IE 
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Capacitance Measurement (1 pf-1 Oµ,f) 

Basic Idea 

II 

C; ~ Eil, 
O-----ll(~---e>----1/>-----4--.----o: Eo 

Capacity 1 00 pf to . 1 µF 

o---lt--(-·1-/-F~oW 
I 
I o-----il t--( -+1 ----<O 
I 
I 

_ I/ 100 pf _ 
...--,-<:.l~----1, \ 

lVCal ~ 

4 capacitors 

100 pf 

..flJ1_ ~(-----------< ~>------•-E 1o 

/,vp-p 
full scale 

nn 
Cx (unknown) 

(UsJi_.F.l 

Wide Range Capacity Meter 
Cl pf to 10 µFl 

" 

II 

Output propor
tional to Cx 

Output 
IV full 

Scale 

.S-1.S ............ >----<~>--------E-0~ n n 
zero* : - -~ - I LJ L 

r---------- ~- Y: ---: / \ 
I 

[ 100 k USE f l./F. REJ. 
I 
I 
I 

Calibrator I ~ 
E I 100 k J1Jllu ~;_,_1--'v'V\r ....... ---< 8 .r-___.--~ 

/ 
Unity gain driver amp. 
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Notes 

When capacitors are placed in input and feedback, it 
will make an amplifier. Gain of this amplifier is -C;/ 
Cr, ratio of input C to the feedback C. Since the output 
voltage of the amplifier is proportional to the C;, it is 
possible to measure capacitance. 

Theoretically, this amplifier should have de response 
but drift and leakage limit the low frequency response. 
For high frequency, charging current limits the response 
-use smaller Cr value. 

Unknown capacitor is compared to the precision inter
nal feedback capacitor. When unknown Cx is same as 
feedback Cr the output voltage is l volt. The output 
voltage can be monitored by scope. The calibrator 
impedance 1s too high to drive higher capacitance; 
therefore, use of isolation amplifier is recommended 
as shown below. 
(use L.F. Rej.) 

Careful arrangement enables capacitance measure
ment for values of l pF to l 0 11-F. 

RANGE Cal. Zr 
--- --

0-1011-F l0mV .l 
0 - l 11-F .l V .l 
0- .1 .l V .01 
0 - .01 .l V .001 
0- .001 lV .001 
0 - l 00 pF lOV .001 
0 - l 0 pF* l0V .0001 

*to compensate stray capacity, adjust neutralizing C for zero 
Cx output indication. 
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Dielectric Tests 

Voltage coefficient (0- lOOv) 

~ 100-lS0V 

C 

C = -E,, 
R1(dE;,,/dt) 

Internal Resista nee (Series) 

~ 25Vmax 

E,,,, w 
N.C. \ 

I ,,,-

1 ----,1; -- - - I 

I I 
I 

I 
I 
I 
I 
I 1 ,..-t I 
-----;( f-----' -, 

LJ 
E,, 
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Notes 

Voltage coefficient of capacitors from 1 pF to 250 µF 
may be evaluated by proper selection of sweep time/ 
cm and R1, using oscilloscope sawtooth. Horizontal 
calibration will depend on individual oscilloscope. 
Sweep repetition rate must be made very low (long 
hold-off) for large value capacitors. 

(m,,loy •••orted) f ':1 t C 

10 50 
~ 

E 

100 

Reed relay is opened just before sawtooth reaches 
peak. Internal resistance in capacitor will cause 
negative step following relay opening. Slideback 
arrangement allows detailed analysis of step. 

, , 
/ 

t ,--- ,----
I 
I 
I 
I ,_ 
l 
Ii 

(1) 

' I 
I 
t, 

(2) (3) 

C P'ill~'V\,,-J IR I re, c,~,, ::Q, 

leakage 

+ 100 V [or other test vo[tagel 

R, 

+ 

.J::: ~-Y. --)"---. 
/ / Install I 1 1 

1 I o---J I / 
I I I I 

/ / Charge I I 

I I 0-----~ ----<I 
/ / Measure 

!_ _____ / 

-r o, Si 
10M 

90 k 

10 k 

® 

"Charge" and "measure" positions 
may be made spring-return for safety. 

E;n3>{E 1 +E~ 
Ramp duration ';> T 

Measure T to 0.37 f2 E, = 

dE,n RC df I I 

r=O 

l Cs 

E, = 
E, =( d!;" )(R~:') 

dE;n R,Cs 
dt ( c,c. ) r-R ~~-

T = R,C, c, + c. 

If E2 is a rapid discharge induced to check for condi
tion 3 ("soak") and discharge path is opened at ti, 
capacitor will show buildup of open-circuit voltage. 

High-sensitivity measurements are made possible by 
divided feedback. For values shown, sensitivity is 1 V 
output per 10 nA leakage. 50 mV resolution = 500 pA, 
or 0.2 X 10 12 Q for 100 V test voltage. Precautions 
must be taken to avoid excessive noise. Diode D 1 and 
Resistor R1 protect against breakdown. C2 reduces 
noise. 
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MISCELLANEOUS APPLICATIONS 

Velocity Acceleration Studies 

Velocity Plot 

.01 
1 ° incremental 

183 

100 k 

ROTAN® 

I .02 

From transducer and motor 
Pulse rate integrator 

Acceleration Plot 

1 Meg 

10 k 
C 

Acceleration 
Vel_ocity ~,__ _ __,,,__ __ --< 

'" 

Noise suppressor Differentiator 

Speed - Torque Plot 

X Y plot of velocity and acceleration gives a speed - torque 
plot. A typical motor characteristic may be obtained by start
ing and slopping the motor and observing the torque speed 
characteristics. 
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Notes 

time 

Rotational velocity may be obtained by integrating 
pulse rate, using the ROTAN® 1 ° incremental pulse. 

C 
0 

I~ 
time 

Velocity signal is differentiated to obtain acceler
ation. l OK resistor is added to suppress noise. 

power on 
(start) 

.. 
:, 

e
.2 

/ ~speed._ 
-- ---◄ ---..J 

power off 

® 
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Risetime Beam Intensifier 

Basic Idea 

I 
I 

A A 

VVv 

R(.5M) 

It\ C ~ 
Oi------1.1----------1 ~>-----<-----n V -
Vertical 
Sig. Oul 

Rise and Fall Time Intensifier 

Intensity Control 

I 

I 

•A• 
V V 

.I ., 
A 

Vvv 

.SM 

Tc crl 
Cathode 

~-----,11--1 ____ 1<...I .. --~ 
I\ I 

.001 
.I 

A A 
V V • 

0 I~ 
1---- _____ K ___ ---u 

V ----
100 k? .. 

y V V 

-6V1 
100 k 

Applications-Type 3A8 

Notes 

A differentiator can be used as a beam intensifier in 
certain experimental setups. Scope vertical signal out 
can provide signal to the differentiator and the output 
is fed to the crt cathode. A word of caution; vert. 
signal output should not be monitored by the same 
scope. Possible oscillation may result. 

Applying signal to the both positive and negative 
grid, both rise and fall time can be intensified. 

Input 1/ 

Output 

If the cathode is over-driven, serious defocusing may 
result. Thus means of maximum intensity limiting 1s 
desirable. In this circuit biased diodes limit the output 
swing to prevent defocusing. 

Input 

0 
j \ 

Output 
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Phase- Plane Plot 

diode 

17 
20 V from 

~ Calibrator 

n 
.7.5 k 33 mH 

180!1 

I 
-: -=-

To crt cathode ( Circuit under study) 
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To Horizontal 

.002 

Notes 

In studying system stability of control systems or feed
back systems, transient response is often employed. If 
non-linear element is involved in a system, stability 
criteria usually become quite complex and analysis is 
normally limited to linear approximations. 

A phase-plane plot can overcome some of this limita
tion since it can present the stability, as well as the 
nature of non-linearity. 

As an illustration, the effect of resistive and diode 
damping on an LCR circuit is compared in a transient 
response display and a phase-plane plot. Circuit values 
are chosen such that the diode does not conduct very 
heavily and it is very difficult to distinguish non-linear
ity in the transient response display. However, when 
the original (transient response) signal is plotted against 
the differentiated signal, the non-linear effect is easily 
observed. (See photos below.) 

10 k Damping 

Diode Damping 

@ 
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APPENDIX 

Semiconductors: 

Some of the semiconductors referred to in these notes are 
non-registered types selected for special characteristics and 
available only from the original manufactures. In a few 

Germanium, General Purpose Signal Diodes: 

PIV 

T12G (Transitron, Raytheon) } 
HD2607 (Hughes) 75V 
CGD-1075 (Clevite) 
Type 6075 25V 
ED-2007 (Erie Resistor Corp.) 15 V 
DR-746 (General Instruments) 10-25 V 
HD2948 (Hughes) 
T13G (Transitron) 25V 

cases (Type 6045, 6061, 6075), the diodes referred to are 
made to Tektronix specifications, and may be procured in 
small quantities from Tektronix if suitable equivalents are 
not locally available. 

Fwd mA Leakage Procure 

20mA 30 µ,A @ 10 V Locally 

40mA 10 µ,A @ 6 V Tektronix (152-0075-00) 

5mA 10 µ,A @ 6 V Locally 

40mA 10 µ,A @ 6 V Locally 

50mA 2µ,A@ l0V Locally 

Silicon Signal Diodes (low leakage or high voltage): 

HD5000 (Hughes) 10 V 12 mA 0.2 µ,A @ 5 V Locally 

6045 125V 40 mA .002 µ,A @ 9 V Tektronix (152-0045-00) 

6061 
RD2594 (Rheem) Tektronix (152-0061-00) 
ED2927 (Erie) 200V 100 mA 5 µ,A @ 175 V or locally 
CSD2800 (Clevite) 
G-130 (Texas Instruments) "Log Diode", "Stabistor". Locally 

Zener Diodes: 

Voltage Current Use Tolerance Mfr. Procure 

+6V* 25 mA RT6* +1 V Hoffman Locally 

6V 60 mA 1N753 5.6-6.8 V Texas I nstrs. Locally 

7V 30 mA 1N707 6.2-8.0 V Hoffman Locally 

10 V 30mA 1/4M10Z10 + 10% Motorola Locally 

15 V 15mA 1 N718A +5% Pacific Locally 

* Double Zener 

Transistors 

2N1304 } 2N1305 
2N706B } 2N970 

General Instrument, Raytheon, Sylvania, Texas lnstrs. 

{2N1304 ~ 
(Motorola, Fairchild) may be substituted for ( 2Nl 305 j in 

Locally 

2 Multivibrator circuit for higher speed operation. 

2N1302 } 2N1303 
May also be used in 7 2 Multivibrator 

Selected Diodes: 

The wideband logarithmic amplifier requires careful selec
tion and matching of diodes to obtain calibrated symmetri-

Locally 

cal output. If undirectional operation only is needed, only 
half the diodes are needed-selected on the basis of the 
criteria below. If symmetrical operation is needed, the 
selected diodes must be matched pairs. 

Selection Criteria (DC) 

® 

Circuit Location, Type 

Input ED-2007 
(Erie Resistor Corp.) 

@ fwd 

10 µ,A 
l0mA 

Select for Forward Drop 

0.10-0.13 V 
0.35-0.50 V 

Matching Criteria: 
Match Forward 

Drop Within: 

.004 V 

.01 V 
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Feedback ED-2007 

Feedback HD-5000 
(Hughes) 

10 µ.A 
1 mA 

10 I-LA 
100 µ.A 

0.10-0.13 V 
0.25-0.13 V 
0.25-0.40 V 
0.35-0.50 V 

.004 V 

.01· V 

.10 V 

.01 V 

Typically, it takes about 10 ED-2007's to obtain two matched pairs and 5 HD-5000's to obtain one matched pair.* 

Precision Resistors: 

Precision carbon-film and metal film resistors in 1 % and 
closer tolerance are available from most electronics suppliers. 
Use the smallest sizes {1/ 8 W, ¼ W, etc.) compatible with 
power requirements for high-speed work. Use of large wire
wound precision resistors is not recommended for fast work 
because of excessive capacitance and (in some cases) in
ductance. 

Obtaining Time Scaling factors 
from Sampling Oscilloscopes 

In integrating or differentiating waveforms obtained from 
the vertical signal output of sampling oscilloscopes, it is 
essential to preserve a known and stable real-time: to equiva
lent time ratio, or scaling factor. The operations performed 
by the operational amplifier are in real time; the information 
contained in the sampling oscilloscope output is in equivalent 
time. 

Unless some means is employed to force a fixed real time: 
to equivalent time ratio, the ratio will be dependent on the 
repetition rate of the signal being sampled, up to about 
100 kHz above this point by the sampling-rate limiter in the 
sampling oscilloscope. An erratic pulse repetition or sampling 
rate may cause significant errors. 

To force a fixed relationship between real and equivalent 
time, it is only necessary to drive the external horrzontal 
input {external scan) of the sampling oscilloscope with the 
real-time sawtooth of the oscilloscope used with the opera
tional amplifier. The real-time sawtooth should be properly 
attenuated so that it provides the same display on both 
the sampling and the real-time oscilloscopes when the sam
pling oscilloscope vertical signal output is displayed on the 
real time oscilloscope. The real-time sweep should be slow 
enough to provide about 100 samples/cm or more on the 
sampling oscilloscope, particularly during differentiation. The 
horizontal scaling factor under these circumstances becomes 
the ratio of time/cm switch settings of the sampling and 
real-time oscilloscopes. 

It is not necessary to trigger the real-time oscilloscope 
sweep; it may be run at any convenient repetition rate. The 
retrace and hold-off of the real-time sweep will not be 
blanked on the sampling oscilloscope, so free-running the 
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real-time sweep at a slow time/cm setting is generally most 
satisfactory. 

Vertical scaling factors require no special techniques. How
ever, since accumulated calibration errors and loading ef
fects may be serious in some cases, it's usually advisable to 
obtain a 1 :1 scaling factor as follows: : 

1. Apply several cm of calibrator signal to the sampling 
oscilloscope input. 

2. Using the same value Z; as will be used in the intended 
operation, set the operational amplifier for X (-1) amplifi
cation (Zr = Z;). 

3. Adjust the real-time oscilloscope to display the same num
ber of centimeters as the sampling oscilloscope Volts/Cm 
and Calibrator settings indicate should be displayed on the 
sampling oscilloscope. The vertical scaling factor is now 1: 1. 
Zr may now be reset to the correct value for the intended 
operation. Since de levels are critical in integration, the 
sampling oscilloscope de offset {and/or vertical position or 
de balance controls, depending on the make and model) 
should be carefully adjusted so that the vertical signal output 
is at 0 V de when the signal waveform is at the reference 
level. The accuracy of this setting may be confirmed during 
adjustment of the vertical scaling factor, when the opera
tional amplifier is set for X(-1) operation. 

Bibliography: 

Much valuable information concerning theory, construction 
and applications of operational amplifiers will be found in 
the following: 

1. G. A. and T. M. Korn, 
Electronic Analog Computers, 
McGraw-Hill Book Company, 1956. 

2. C. L. Johnson, 
Analog Computer Techniques, 
McGraw-Hill Book Company, 1956. 

3. N. R. Scott, 
Analog and Digital Computer Technology 
McGraw-Hill Book Company, 1960 

4. A. E. Rogers, T. W. Connally, 
Analog Computation in Engineering Design, 
McGraw-Hill Book Company, 1960. 

5. A Palimpsest on the Electronic Analog Art 
George A. Philbrick Researches, Inc. 
Boston, Massachusetts. 
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SECTION 4 

CIRCUIT DESCRIPTION 

Introduction 

This section of the manual describes the Type 3A8 plug
in unit circuitry and refers to the block diagram and circuit 
schematics in section l 0. The reader should follow the 
diagrams as their description is presented. 

Block Diagram 

The block diagram provides a functional representation 
of the main circuits used in the Type 3A8. 

Signals applied to the INPUT connector of either Opera
tional Amplifier are processed according to the combination 
of Z;, Z1. This combination of Z; and Z1 can be internally 
selected through 6 capacitor or 5 resistor values, or when 
either or both Z1 and Z; are in the EXT position, the imped
ance combinations can be externally plugged into the input 
banana jacks on the front panel. 

Output signals from the Operational Amplifier are 
available at the OUTPUT connectors and may be selected by 
the input selector switch for the Display Amplifier. The 
signal is first applied through a calibrated step attenuator 
(SW200) which provides display sensitivity from 20 mV /Div 
to 10 V/Div in nine steps with 1-2-5 sequence. 

The signal from the attenuator (SW200) is then applied 
through cathode followers V303A and V303B to a paraphase 
amplifier (Q324 and Q424). The input de balance to the 
paraphase amplifier is adjusted and maintained in the 
cathode follower circuit. 

The paraphase amplifier provides a balanced push-pull 
output signal to drive the output amplifier. Positioning 
and signal gain are adjusted and controlled in the paraphase 
amplifier stage. 

A triggering signal for the time-base is provided from 
the isolation cathode-follower stage V344B and V444B, to 
pin 11 of the blue ribbon connector on the Type 3A8. 

Operational Amplifier 

The two amplifiers in the Type 3A8 are identical, therefore 
only one will be described. 

Before describing the circuits of the Operational Amplifier 
a review of the design goals or characteristics of the ideal 
amplifier is presented from the Operating Instructions of the 
manual. This will serve to recall some of the limitations 
and characteristics of the practical amplifier. Figs. 4-1 and 
4-2 illustrate these characteristics. 

To function effectively the Operational Amplifier should 
approach the following design goals. 

l. Infinite input impedance. 

2. Infinite transconductance in the voltage-controlled 
current generator. 

3. Infinite load resistance (Rd. 

4. Zero load capacitance (Cstray), 

® 

oo Input Z 
Voltage con
trolled current 
generator. 

Zero output Z 
Voltage follower 

Input 

i-------1 

I 
Cstray J 

RL I : 
I 

a. The ideal characteristics for an operational amplifier. 

1. Infinite input impedance 

2. Infinite transconductance in the voltage controlled current 
generator 

3. Infinite load resistance ( Rd 

4. Zero load capacitance (C,troyl 

5. Zero output impedance 

RL 
Input 

T Cstray 

o----------L--------o 
b. Electrical equivalent of the practical load 

Fig. 4-1. Ideal amplifier characteristics. 

5. Zero output impedance. 

Since all of these factors in the amplifier have limits, 
open loop gain and gain-bandwidth product will have 
finite values. Fig. 4-2 illustrates how these finite values in 
transconductance, load resistance and load capacitance 
affect the response of the amplifier. 

The Type 3A8 Operational Amplifier contains a high 
gain differential amplifier for an input stage, which operates 
into a cathode-follower and current limited emitter-follower 
combination. This cathode-follower, emitter-follower stage 
provides the impedance transformation from a source 
impedance greater than 10 MQ (at de) to an output imped
ance near zero ohms. Current capabilities from the current
limited emitter follower will drive a wide range of output 
loads. 

Input signals to the Operational Amplifier are normally 
applied through the INPUT connector (BNC connector Jl 
or the INPUT banana jack). The signals are then connected 
through the input impedance selected by the Z; selector 
sw!tch (SWl 0~) to the gri? of V54. ADJUST-NORMfLF REJ 
switch SW40 Is normally in the NORM position. 

Input signals may be applied directly to the grid of V54 
through the - GRID jack or the + GRID jack, providing 
the + GRID SEL switch SW30 is in the (-) position. 
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f, 

270° ------------~-----------------~------

225° ----- -
_l 

90° 

I 450 

180° t---------~-----------r------------'-------
1 

t " I ",1 
-- 30% down 

Gain 1 
(log) 

Unity Gain 

fl.gm moves 
entire plot up or 
down. ( frequency 
at -3 dB point 
remains constant. 

Frequency 
(log) 

or - 3 dB point 

20 dB/ decade 
roll off 
(Z6 dB/octave) 

--Ll_Cstray 

ft 

Fig. 4-2. Response of the Operational Amplifier. 

Signals applied to the + GRID iack are connected directly 
to the grid of V84 when the + GRID SEL switch (SW30) is 
in the (+) position. 

Tubes V54 and V84 comprise an input difference amplifier 
stage. Signals applied to the grid of V54 are inverted at 
the output, while signals applied to V84 are not inverted. 
Signals applied to either grid are amplified through the 
high gain stage consisting of V54, Ql 14, Ql04, Ql24 and 
Ql34. 

The plate of V54 terminates in the low impedance at the 
emitter of Ql 04 and sees a constant voltage source at the 
collector of Qll 4. Most of the tube (V54) plate current 
change (fl.Ip), is transferred to the iunction of the collectors 
of Ql04 and Ql24. This iunction approximates a very high 
resistance plate load (RLl-The cascode arrangement of V54 
and Ql 04 isolates this high impedance load from the plate 
of V54, thereby substantially reducing the effect of mu in 
V54. Gain is proportional to the transconductance (gm) and 
load resistance (RL). This cascode amplifier circuit develops 
a de gain greater than 15000. 

Transistors Ql 14 an<il Ql34 effectively increase the 
resistance and decrease the capacitance of the collectors 
of Ql04 and Ql24, by minimizing the inherent coupling 
from the collector to the base of the transistor. The 
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decoupled base of Ql 14 is stabilized at an approximate 75 
volts by a voltage divider Rl 14 and Rll 6. The collector 
of Qll 4 thus appears as a constant voltage source to the 
plate of V54. 

In a similar way, transistor Q93 provides a constant 
voltage source to the plate of V83 and matches the plate 
voltage and impedance of V84 to that seen by V54. 

To function properly, the Operational Amplifier must 
adiust to, and must maintain, proper de levels. The circuit 
is designed so the plate voltages of V54 and V84 are 
constant and essentially equal. With zero volts on the 
input grids, the bias of V54 is forced to equal the bias of 
V84. OFFSET adiustment Rl 92 provides differential control 
over the filament power of V54 and V84. Filament power 
determines cathode temperature and determines the cathode 
current. The OFFSET (Rl 92) is adiusted for tube currents 
such that the resultant voltage difference between the input 
and output of the amplifier is zero. See Fig. 4-4. 

The type 7586 tubes V54 and V84 are quiescently operated 
at a plate voltage (Ep) of approximatly 75 volts, and a 
plate current (Ip) of an approximate 2mA. Grid emission 
current with these conditions is normally less than 2 nano
amps. This grid emission current is offset by a bootstrapped 
current source from Q78 such that little or none of the grid 
emission current will flow through Z; or Z1. 
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High Z 
Input 

High Gain 
Differential 
Amplifier 

n-----1vs4-VB4 
C,104 Q114 
0124 0134 
093 

Equivalent to: 

Input 

0--► 

OR 

Input 

180° phase 
Inversion 

al de 

Cs tray Re 

lOMD I 10pF 

Cstray 

>10 MD <10 pF 

Cathode 
Follower 

Vl43 

B+ 

Circuit Description-Type 3A8 

Emitter 
Follower 

Q163, Q178 

0163 

I 
I 
I 

I 

I 
I 
I 
I 

Low Z 
Output 

1----0 ±2sv 
±7.5 mA 

OUTPUT 

Ctoad 

_l_ 

Fig. 4-3. Block diagram and equivalent circuits of Type 3A8 Operational Amplifier. 

Transistor Q78 and associated circuitry long tail the 
cathodes of the differential amplifier and supply approxi
mately 4 mA of current to the amplifier. This current splits 
between potentiometers R60 and R62 (- and + 19 adjust
ments), which offers a voltage range across the potentio
meters through zero volts with reference to the grids of 
V54 and V84, and provides a voltage adjustment range of 
approximately 200 mV. This voltage is set to supply through 
R58 and R68, the exact current emitted by the grids, and 
results in a net current of zero as seen by Zi and Z1. See 
Fig. 4-5. 

Diodes D52 and D82 limit the grid absorption current of 
the tubes during warm-up time. 

Impedance transformation from an impedance greater than 
10 M<J to approximately 0 O is provided by the cathode 
follower Vl 43 and emitter follower Ql 63. 

The emitter of Ql 63 is long tailed through transistor 
Ql78 to the -100 volt supply. The collector of the emitter
follower Ql 63 connects to a current-limited, constant-

® 

voltage source (the emitter of Ql 58) of approximately 29 
volts. This provides a minimum 7.5 mA of current for the 
output load, and also short circuit protection. 

The plate of the cathode-follower Vl43 is connected 
through Rl 43 to 300 volts and clamped at + 125 V by the 
diode Dl 43. This provision limits the current through the 
tube if the output shorts and also distributes the current 
demands on the power supply. 

Since the output impedance is not zero ohms, it is 
important to consider the effects of load capacitance. As 
capacitance increases, the cathode follower and emitter 
follower bandpass decreases. The frequency at which 90° 
phase shift occurs, therefore decreases. If the cathode 
follower-emitter follower phase shift approaches 90 °, at F1 

(frequency at which the gain is unity) of the high gain 
differential amplifier stage, the total phase shift from the 
(-) grid to the output will approach 360°. This produces 
a highly unstable condition when feedback tightly couples 
the input to output. 
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R, 

R; 

Fig. 4-4. With an Ep of 75 volts, Ip level is set so the resultant 
voltage across the closed loop is zero. 

The amount of load capacitance that can be tolerated 
by the amplifier is greatly extended through the effect of 
C145, R141 and C141. These components cause the Ft of the 
high gain section to decrease whenever a load causes the 
cathode follower-emitter follower bandpass to decrease. 

In applications employing substantial load capacitance, 
the user may wish to reduce the Ft of the high-gain section 
directly. The addition of a capacitor across Jl 20 will 
decrease the amplifier gain-bandwidth product. See Fig. 4-6. 

Feedback impedance (Z1) from the output to the (-) input 
is normally selected by the Z1 selector switch SWl OB. With 
Z1 (SWl OB) in the EXT position, feedback impedance is 
dependent on the external components plugged into the 
banana jacks on the front panel. The internal impedance 
may also be selected to augment any external component 
values that are connected. 

The fLF REJ position of the ADJUST-NORM- fLF REJ 
switch SW40 connects a long RC feedback circuit, R40, C40 
and R30, from the output to the (-) input when the feed
back impedance (Z1) is any of the internal capacitors. (See 
Fig. 4-7.) This prevents integration of the low frequency 
components in the signal. High frequency components of 
the integrated signal are not fed back through the long RC 
network, so the output will approximate integration of the 
desired signals. 

The ADJUST position of switch SW40 grounds the grid of 
V84 and connects V54 grid to the output through resistor 
divider R38, R35, to provide an approximate closed-loop 
gain of 100. The OFFSET potentiometer Rl 92 can then be 
adjusted for tube currents such that the resultant voltage 
difference between the output and the input of the amplifier 
is zero. See Fig. 4-4. 
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Input Selectors And Display Amplifier 

Input signals to the Display Amplifier are selected 
from either Operational Amplifier or the EXT connector by 
means of the selector switch SW200. The selected signals 
are then ac or de coupled according to the position of the 
coupling switch SW205 and applied through the VOLTS/DIV 
attenuator switch SW210. 

A GND position for the coupling switch SW205 pro
vides the no-signal input condition to check or adjust the 
de level and balance of the amplifier. 

The VOLTS/DIV switch attenuators are frequency-com
pensated dividers which reduce the input signal amplitude 
to a level suitable for driving the grid of the input cathode 
follower to the Display Amplifier. Each attenuator pre
sents an input time constant of 47 µ,s (1 megohm paralleled 
by 47 pF) to the signal source. Frequency compensation 
through the attenuator is provided with a variable capaci
tor across the input resistor of each divider. The input ca
pacitance to the attenuator is adjusted with a variable 
capacitor that shunts both resistors of the divider. For ex
ample; the 10 position of SW210 uses variable capaci
tors C21 OB and C21 0C. 

No attenuator is used for the .02 pos1t1on of the VOLTS/ 
DIV switch and the amplifier input time constant in this 
position is set to 47 µ,s by adjusting the variable capacitor 
C225. 

Input signals from the attenuator are applied through a 
protection circuit to cathode follower V303A. The ampli
tude of the input signal is clamped at approximately + 12 
volts by clamping diodes D303 and D305. This protects 
V303A and succeeding circuitry from excessive input sig
nals. 

NOTE 

Refer to the input signal derating chart in the 
Characteristics section of the manual for maxi
mum input signal voltages that may be applied 
to the amplifier. 

The input stage of the Display Amplifier V303A con
tains a cathode follower driving an emitter-coupled para
phase amplifier through a polarity inversion selector, re
lay K360. 

Emitter coupling produces a push-pull output signal that 
is T coil-coupled to the next stage. The VARIABLE control 
R437 (concentric with the VOLTS/DIV switch) varies the 
amount of degeneration between the emitters, and hence 
the stage gain. With the VARIABLE control at its detent 
position (minimum resistance), the CAL adjustment R337 
is adjusted to set the amplifier maximum gain. 

The emitters of the paraphase amplifier are longtailed 
through transistors 0324 and 0424. These transistors set 
the de current of the stage and minimize common mode 
de variation. 

The POSITION control (R332) provides differential con
trol of the de collector currents of 0324 and 0424. This 
sets the current division through the paraphase amplifier, 
0334 and 0434. Since the ratio of 0334 and 0434 emit
ter impedance to the combined resistance between the 
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4 mA 
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R68 

D82 
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+75.6 

1 mA 

1 mA 

R124 

-l00V 

+75 V 

Q104 

Q124 

lo 
V143 

+125 V 

Fig. 4-5. Simplified circuit of input of differential amplifier. 

two emitters (R437, R337 and R339) is relatively low, ad
justment of the POSITION control tends to produce a de 
imbalance. This effect is substantially reduced through 
feedback via R418 to the grid of cathode follower V303B. 
The output de signal from the cathode of V303B is applied 
to the paraphase amplifier through the contacts of the 
NORM-INVERT relay contacts to offset any generated de 
imbalance. 

Collector to base capacitance of Q334 and Q434 is 
partially neutralized by positive feedback through C334 
and C434. 

The cathode potential for V303A and V303B is balanced 
to prevent de shift in the output level as the NORM-INVERT 
relay K360 is either energized or de-energized. With no 
input signal and the POSITION control R332 centered, BAL 
adjustment R414 is normally set to balance the cathode 
voltages. BAL adjustment R410 is a coarse adjustment set 
during calibration. 

The output of the paraphase amplifier is T coil-coupled 
to the base of Q354 and Q454 which are in cascode con-

® 

figuration with the output tubes V344A and V444A re
spectively. Q468 limits the static current of the output stage 
to an approximate 48 mA, and reduces the common mode 
gain of the stage. 

L344 and L444 are adjustable T-type coils to match the 
high deflection plate impedance of the crt. 

V344B and V444B, the other halves of the output tubes, 
are connected in cascade and provide trigger pickoff for 
the sweep circuits. Trigger de level is adjusted by means 
of R480 which sets the de level on the cathode of V444B. 

Interconnecting Circuit 

Resistors R512, RS0l, R502, R511 and R520 are power 
supply shunting resistors, some of which are shorted when 
either or both Operational Amplifiers are installed. This 
arrangement permits optimum power supply operation when 
the Type 3A8 is operated with either or both Operational 
Amplifiers removed. 
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NOTE: 

GAIN 
Clog! 

Frequency (log) ----

Response after adding 'C' 
at the central pole ( J 120 J 

Response at central pole 
( input to grid of Vl 43) 

' \ 
\ 

\ 
\ 

Effect on frequency response when 
'C' output load is increased. 

Output response 
of amplifier 

For a given output load 'C' the decrease in output frequency re
sponse is much greater than the shift at the central pole. The 
amount of output 'C' is limited lo the value where output response 
approaches the response of the central pole. At this point the phase 

shift is such as to cause the amplifier to become highly unstable. 
The addition of 'C' al the central pole greatly enhances the amount 
of output 'C' that the amplifier can tolerate. 
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Fig. 4-6. Effects on frequency response of the amplifier with changes in capacitance at the output load or central pole. 
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Fig. 4-7. Basic JLF REJ circuit and response characteristics. 
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Fig. 4-8. Simplified de balance circuit for output amplifier. 
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SECTION 5 

MAINTENANCE 

Preventive Maintenance 
Preventive maintenance consists of cleaning, visual 

inspection, lubrication, and if needed, recalibration. Pre
ventive maintenance is generally more economical than cor
rective maintenance, since preventive maintenance can usu
ally be done during idle periods at a time convenient to 
the user. The preventive maintenance schedule established 
for the instrument should be based on the amount of use 
and the environment in which the instrument is used. 

Cleaning. Clean the instrument often enough to prevent 
accumulation of dirt. Dirt on the components acts as a 
thermal insulating blanket (preventing efficient heat dis
sipation) and may provide electrical conducting paths. 

Clean the instrument by loosening the accumulated dust 
with a dry, soft paint brush. Remove the loosened dust by 
vacuum and/or dry, low pressure compressed air (high
velocity air can damage certain components). Hardened dirt 
and grease may be removed with a cotton-tipped swab or 
a soft cloth dampened with water and a mild detergent 
solution (such as Kelite or Spray White). Abrasive cleaners 
should not be used. 

CAUTION 

Do not permit water to get inside controls or 
shaft bushings. 

Lubrication. The life of potentiometers and selector 
switches is lengthened if these devices are kept properly 
lubricated. Use a cleaning type lubricant (such as Cramoline) 
on shaft bushings and switch contacts. Lubricate the switch 
detents with a heavier grease (Beacon grease No. 325 or 
equivalent). Do not over-lubricate. The necessary materials 
and instructions for proper lubrication of Tektronix instru
ments are contained in a component lubrication kit which 
may be ordered from Tektronix. Order Tektronix Part No. 
003-0342-00. 

Visual Inspection. After cleaning, the instrument should 
be carefully inspected for such defects as poor connections, 
damaged parts, and improperly seated transistors. The 
remedy for most visible defects is obvious; however, if heat
damaged parts are discovered, determine the cause of over
heating before the damaged parts are replaced. Otherwise, 
the damage may be repeated. 

Tube And Transistor Checks 

Periodic preventive maintenance checks on the tubes and 
transistors used in the instrument are not recommended. The 
circuits within the instrument generally provide the most 
satisfactory means of checking tube or transistor usability. 
Performance of the circuits is throughly checked during 
recalibration, so substandard tubes and transistors will 
usually be detected at that time. 

Recalibration 

To insure accurate measurements, the instrument calibra
tion should be checked after each 500 hours of operation 
or every six months if used intermittently. 

® 

The calibration procedure can be helpful in isolating 
major troubles in the instrument. Moreover, minor troubles 
not apparent during regular operation may be revealed and 
corrected during calibration. 

CORRECTIVE MAINTENANCE 

Corrective maintenance consists of component replace
ment and instrument repair. Special techniques or proce
dures required to replace components in this instrument 
are described in this section. 

Component Identification. The circuit number of each 
electrical part is shown on the circuit diagrams in Section 10, 
and on the pictorial diagrams of the etched circuit boards 
in this section. Note that a functional group of circuits 
(such as the display amplifier) is assigned a particular 
series of numbers. Switch wafers are identified by counting 
from the first wafer located behind the detent section of the 
switch towards the last wafer. The letters F and R indicate 
whether the front or rear of the wafer is used to perform 
the particular switching function. For example, the designa
tion 2R printed by a switch section on a schematic identifies 
the switch section as being on the rear side of the second 
wafer when counting back from the detent section. 

Parts Replacement. Most of the electronic components 
in the Type 3A8 are standard items available locally. The 
remainder of the electronic components and most of the 
mechanical parts are manufactured or selected by Tektronix 
to satisfy particular requirements, or are manufactured 
for Tektronix to our specifications. However, all parts are 
obtainable through your Tektronix Field Office or Engineer. 
Before purchasing or ordering, consult the Parts Lists (Sec
tions 8 and 9), and see Parts Ordering Information and Spe
cial Notes and Symbols on the page immediately preced
ing Section 8. 

NOTE 

When selecting the replacement parts, it is 
important to remember that the physical size and 
shape of a component may affect its performance 
in the circuit. Parts orientation and lead dress 
should duplicate those of the orginal part, since 
many of the components are mounted in a partic
ular way to reduce or control stray capacitance 
and inductance. After repair, circuits of the instru
ment may require recalibration. 

Replacing Components On The Etched Circuit 
Boards Or Cards 

It is best to remove the board or card from the instru
ment unless the back of the board is accessable. Use 
electronic grade 60/ 40 solder and a 15-watt pencil soldering 
iron with a 1/ 16 inch wide chisel tip. The tip of the iron 
should be clean and properly tinned for best heat transfer 
in a short time to a solder connection. A higher wattage 
soldering iron, if applied for too long a period, ruins 
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Fig. 5-1. Operational Amplifier etched-circuit card. 

the bond between the etched wiring and the base material 
by charring the glass epoxy laminate. 

The following technique is recommended to replace a 
component on an etched circuit board or card. 

1. Remove the component by cutting the leads near the 
body. This frees the leads for individual unsoldering. 

2. Grip the lead with needle-nose pliers. Apply the 
tip of the soldering iron to the connection at the back of 
the board, then pul I gently to remove the lead. 

3. When the lead comes out of the board it should leave 
a clean hole. If not, the hole should be cleaned by reheat
ing the solder and placing a sharp object such as a tooth
pick or enameled wire into the hole to remove the old 
solder. 

4. Clean the leads on the new component and bend them 
to the correct shape to fit into the holes. Insert the leads, 
making certain the component seats the same as the orginal 
part. 

5. Apply the iron to the connection at the back of the 
board and apply only the amount of solder required to form 
a good electrical connection. 

5-2 

6. Check the front, or component side, of the board to 
insure that the solder has wicked through the plated hole. 

NOTE 

Some components can be damaged by heat. If 
this is likely, connect a heat sink such as a pair 
of needle-nose pliers between the component 
and the connection before applying the soldering 
iron. 

7. Clip the excess lead that protrudes through the hole 
in the board. 

8. If necessary, clean the area around the soldered con
nection with a flux-remover solvent .to maintain good 
environmental characteristics. 

When soldering metal terminals (e.g., switch terminals, 
potentiometers, etc.) ordinary 60/40 solder is satisfactory. 
The soldering iron should have a 40- to 75-watt rating with 
a 1/a inch wide chisel tip. 

1. Apply only enough heat to make the solder flow freely 
and only enough solder to form a good electrical connection. 
(Excess solder may impair the operation of the circuit or 
cover a cold joint.) 
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A orn-blk on wht 

B orn on wht 

C brn-blk on tan 

D red-blk on tan 

E brn-red on whl 

F blu on wht 
blu-brn on 

G blk on wht 

blu-red on wht 

grn on whl 

(al 

brn on whl 

blu on whl 

on wht 

Whl 

!bl 

Fig. 5-2. Display Amplifier etched-circuit board. a. Component side. b. Back side. 
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2. Clip off excess wire that may extend past the solder 
connection and clean with flux-remover solvent. 

Etched Circuit Board Or Card Removal 

The Operational Amplifier cards are the plug-in type 
and easily removed. This is accomplished by removing the 
three external wires from the pin connectors, then spreading 
the nylon clip retainers. The card can then be snapped free 
and gently pulled from the socket. 

The Display Amplifier board is mounted with six screws. 
Disconnect !'he external wires from the pin connections. Un
solder the two leads to L344 and L444. See Fig. 5-2. Remove 
the 6 screws and lift out the board. 

To replace the etched circuit boards, reverse the order 
of removal. Correct location of the external wires to the 
pin connectors is shown in Figs. 5-1 and 5-2. Replace the 
pin connectors so they mate correctly and do not become 
damaged. 

Switch Replacement 

Individual wafers normally are not replaced in switch 
assemblies. Replacement switches may be ordered from 
Tektronix either unwired or with the associated wires and 
components attached. See the Parts Lists in Section 8 and 9. 

When soldering leads to a switch, do not let solder 
flow around and beyond the terminal rivet as this may de
stroy the contact spring tension. 

Tubes and Transistors 

Tubes and transistors should not be replaced unless 
actually defective. However, temporary substitution is an 
effective way to detect defective tubes or transistors. Before 
making the substitution, the circuit conditions should be 
checked to be certain that a replacement tube or transistor 
will not be damaged. In some cases, these checks will also 
show if the tube or transistor is at fa ult. 

When circuit conditions have been checked, install a 
tube or transistor which is good and of the same type and 
check for proper operation. If the original tube or transistor 
is thus proved operative, return it to its original socket to 
avoid unnecessary recalibration. 

Troubleshooting Aids 

This manual and the instrument contain many features 
intended to speed and simplify maintenance. A block dia
gram which provides an overall picture of instrument opera
tion is included with the diagrams in Section 10. The 
schematic diagrams give the circuit reference number for 
each electrical component as well as important operating 
voltages, signals, and conditions for the measurements. 

The instrument contains a number of stable metal-film 
resistors identified by their gray background color and color 
coding. If a resistor has three significant figures and a 
multiplier, it will be EIA color coded. If it has four sig
nificant figures and a multiplier, the value will be printed 
on the resistor. · For example, a 333-k resistor will be color 
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coded, but a 333.5-k resistor will have its value printed on 
the resistor body. The color-coding sequence is shown in 
Fig. 5-3. 

Fig. 5-4 identifies the polarity of the various diode types 
used in Tektronix instruments. 

In-Circuit Diode Checks. In circuit diode checks may 
be performed with a voltmeter. A comparison check of 
the voltages on each side of the diode with the typical 
voltages listed on the diagram will help determine if the 
diode is faulty. Forward-to-back resistance ratios can be 
checked by referring to the schematic and pulling appropri
ate tubes or transistors to remove low resistance loops 
around the diode. 

1

1 st 
Color Sig. 

Fig. 

Black I 0 
Brown 1 
Red 2 
Orange 3 
Yellow I 4 
Green I 5 
Blue I 6 
Violet 7 
Gray 8 
White 9 
Gold 

Silver I 
No Color I 

~ l st Sig. Fig. 

-2nd Sig. Fig. 

~3rd Sig. Fig. 
~Multiplier 

• ,- Tolerance 

I 
I 

Date 

2nd 
Sig. 
Fig. 

3rd 
Sig. 
Fig. 

Multiplier 
I 

Tolerance 
(+) % 

0 0 

10 
2 2 100 2 

3 3 1,000 
4 4 10,000 I 
5 5 100,000 I 0.50 
6 6 1,000,000 I 0.25 
7 7 1 o ,ooo ,ooo I 0.10 
8 8 
9 9 

100,000,000 I 
-----1 

1 ,ooo ,ooo ,ooo I 
0.05 

0.1 5 
0.01 

10 

Fig. 5-3. Standard EIA color code for metal-film resistors. 

+ 

---------lr_11I_1 _:---

Fig. 5-4. Diode polarities and color code of glass diodes used in 
Type 3A8. 
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General Troubleshooting 

Attempt to isolate the trouble to a circuit by an opera
tional and visual check. Verify that the apparent trouble is 
actually a malfunction within the Type 3A8, and not 
improper control settings or a malfunction of associated 
equiqment. 

Operate the front-panel controls and note their effect 
on the trouble symptoms. Normal or abnormal operation of 
each control helps establish the nature of the trouble. Refer 
to Section 2 for the normal function of each control. 

If the trouble cannot be isolated by front-panel checks, 
remove the side panel from the main frame oscilloscope. 
Check voltages against those shown on the diagrams in 
Section 10 of the manual. Use an accurate 20,000 ohms/ 
volt, or better, de voltmeter to measure voltages. Test points 
are numbered and accessible on the top of the card or 
etched circuit board. Refer to Figs. 5-5 and 5-6 for compo
nent identification. 

Maintencmce-Type 3AS 

Start with the power-supply connections, then proceed 
consecutively from test point to test point. Once the 
trouble is isolated to a circuit, refer to the circuit description 
in Section 4 for a description of the normal circuit operation. 

CAUTION 

Use care when measuring voltages on live 
circuits. The small size and high density of com
ponents used in this instrument establishes a 
situation such that an inadvertent movement of 
the test probe or the use of oversized probes may 
short-circuit between components. 

The pin connectors used to connect the etched circuit 
boards to the instrument provide a unique method of circuit 
isolation. For example, operational amplifier cards may be 
exchanged, or with the power off, de resistance measure
ments can be taken. 

Fig. 5-5. Etched circuit boards Operational Amplifier. 
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Fig. 5-6. Etched circuit boards Display Amplifier. 
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SECTION 6 

PERFORMANCE CHECK 

Introduction 

This performance check procedure is provided to check 
the operation of the Type 3A8. This procedure may be used 
for incoming inspection, instrument familiarization, reliability 
testing, calibration verification, etc. 

Failure to meet the characteristics given in this procedure 
indicates that the instrument requires internal checks and/or 
adjustments. See the Calibration section of this Instruction 
Manual. 

The following equipment is recommended for a complete 
performance check. Specifications given are the minimum 
necessary to perform this procedure. All equipment is 
assumed to be calibrated and operating within its specifica
tions. If equipment is substituted, it must meet or exceed 
the specifications of the recommended equipment. 

For the most accurate and convenient performance check, 
special calibration fixtures are available from Tektronix. 
Order by part number through your local Tektronix Field 
Office or representative. 

1. Test oscilloscope. Tektronix 560-Series (except the 560), 
Type 561 A recommended. The test oscilloscope square-wave 
transient adjustments must be correct. 

NOTE 

Early production models of the 560-Series 
oscilloscopes were wired with the variable 
compensating capacitor for the vertical deflection 
plates connected from pin 21 of the plug-in 
connector to ground. In recent models, this capaci
tor is relocated across the vertical deflection 
plates (pin 21 to pin 17 of the plug-in connector). 
If the Type 3A8 does not meet bandpass or rise
time specifications, it may be because the capac
itance to ground from pin 17 is quite different 
from that at pin 21 to ground. This may occur 
even though the effective capacitance between 
pins 21 and 17 is correct. This is less likely where 
the variable compensating capacitor is connected 
between pins 17 and 21, and adjusted for correct 
deflection plate capacitance. 

Adjust by using Tektronix Type 3M 1 Crt 
Deflection Capacitance Normalizer Plug-In Unit 
and the instructions in the Calibration procedure 
of the oscilloscope manual. 

2. Time-base plug-ins used with the Tektronix Type 561A 
oscilloscope, Type 2B67, 381 thru 384 recommended. 

3. Test oscilloscope with de to 15 MHz br greater band
pass and 50 mV / cm maximum sensitivity. 540A or 8-Series 
oscilloscope with the Type lAl Plug-In Unit and Tektronix 
P6006 Probe recommended. 

4. Standard amplitude calibrator. Accuracy within 0.2% 
signal amplitude, 5 millivolts to 50 volts; output signal 1 kHz. 
Tektronix calibration fixture 067-0502-00 recommended. 

® 

5. Square-wave generator. Frequency 450 Hz to 400 kHz. 
Risetime less than 15 nanoseconds. Tektronix Type 106 
Square-Wave Generator recommended. 

6. Constant amplitude sinewave signal generator. Fre
quency 50 kHz and 350 kHz to 10 MHz, with an output 
impedance of 50 ohms. Tektronix Type 191 Constant Amp
litude Signal Generator recommended. 

7. Input time-constant standardizer, 47 ,us with BNC 
connectors. Tektronix Part No. 011-0068-00. 

8. Termination. Impedance, 50 ohm; with 8NC connectors. 
Tektronix Part No. 011-0049-00. 

9. lOX attenuator. Impedance, 50 ohm; with 8NC 
connectors. Tektronix Part No. 011-0059-00. 

10. Adapter, GR to 8NC, female. Tektronix Part No. 
017-0063-00. 

11. Cable. Impedance, 50 ohm; type RG-58A/U; length, 
42 inches; BNC connectors. Tektronix Part No. 012-0057-00. 

12. Cable. Impedance, 50 ohm; type RG-58A/U; length, 
18 inches; 8NC connectors. Tektronix Part No. 012-0076-00. 

13. Grid current checker. Tektronix Part No. 067-0507-00. 

14. Test jig. 1 kHz LF Reject. Special. See Fig. 6-6. 

15. Patch cord. Length, 18 inches; 8NC to banana plug 
connectors. Tektronix Part. No. 012-0091-00. 

16. Patch cord. Length, 18 inches; 8NC to 8NC connec
tors. Tektronix Part No. 012-0091-00. 

17. Patch cord. Length, 6 inches; banana plug connectors. 
Tektronix Part No. 012-0028-00. 

18. Resistor, 3.34 kl1, 1 %, ½ watt. 

19. Capacitor, 1 µ,F, 100 V. 

20. Double banana plug (three). General Radio Type 
274-M8. 

21. Screwdriver, 1/s inch blade. Tektronix Part No. 003-
0192-00. 

PERFORMANCE CHECK PROCEDURE 

General 

In the following procedure, test equipment connections 
or control settings should not be changed except as noted. 
If only a partial check is desired, refer to the preceding 
step(s) for setup information. 

The following procedure uses the equipment listed under 
Recommended Equipment. If substitute equipment is used, 
control settings or setup must be altered to meet the require
ments of the equipment used. 

Preliminary Procedure 

1. Install the Type 3A8 Unit in the vertical compartment 
of a 560-Series oscilloscope. 
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2. Set the Type 3A8 and Time-Base Plug-In Unit controls 
as follows: 

Type 3A8 

Display Amplifier 

EXT-1-2 EXT 

AC-GND-DC GND 

NORM-INVERT NORM 

VOLTS/DIV .02 

VARIABLE CAL 

POSITION Midrange 

Operation Amplifiers, 1 and 2 

Z; 

Z1 

+ GRID SEL 

ADJUST-NORMJLF REJ 

lMn 

lMQ 

(-) 

NORM 

Time/Div 

Triggering 

Level 

Slope 

Coupling 

Source 

Time-Base Plug-In Unit 

20 ,uSEC 

Auto or Freerun 

(+) 

AC 

.Int 

3 Apply power to the test equipment and the Type 3A8. 
Allow a minimum 15 minute warm-up period at 25° +5°C, 
for equipment stabilization. 

l . Check DC Balance 

a. Requirement-Less than + 1 minor division trace shift 
with trace at horizontal graticule centerline as the NORM
INVERT switch is changed from NORM to INVERT. 

b. Position the trace to the graticule centerline (zero 
reference level) with the input to the Display amplifier 
grounded. 

c. Check-Change the NORM-INVERT switch to INVERT 
and check for trace shift. Should be less than 1 minor divi
sion. 

d. If required, adjust the BAL adjustment for minimum 
trace shift as the NORM-INVERT switch is changed from 
NORM to INVERT. 

NOTE 

Rapid switching between NORM and INVERT 
position may cause the balance point to drift. 
Allow a lag time between switch positions before 
the BAL adjustment is made. 
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2. Check POSITION Control Range 

a. Requirement-Sufficient range to deflect a full scale 
display beyond the top or bottom graticule line. 

b. Apply a 50 kHz sine wave signal from the sine wave 
signal generator to the EXT input connector of the Type 
3A8. 

c. Set the AC-GND-DC switch to AC. 

d. Adjust the time-base Level control for a stable display. 

e. Adjust the signal generator output control for a full 
scale display amplitude. 

f. Rotate the POSITION control full clockwise then full 
counterclockwise. 

g. Check-Display should move off the graticule area in 
both the up (clockwise) and down (counterclockwise) direc
tion. 

h. Return the display to the center of the graticule area 
and remove the sine-wave generator signal. 

3. Check VARIABLE Control Effect On Trace Position 

a. Requirement-Trace shift due to VARIABLE control 
rotation should not exceed 1 major division when BAL is 
properly adjusted. See step 1. 

b. Set time-base Time/Div switch to 1 mSEC and the 
Level control for a free-running trace. 

c. Set the Type 3A8 NORM-INVERT switch to NORM. 

d. Rotate the VARIABLE control through its range and note 
the amount of trace shift. 

e. Check-Trace shift should not exceed 1 major division 

f. Set VARI ABLE control to CAL. 

4. Check NORM-INVERT Balance 

a. Requirement-Trace shift less than 2 minor divisions, 
with trace positioned at top or bottom graticule line, as 
the NORM-INVERT switch is changed from NORM to INVERT 
when BAL has been properly adjusted. See step 1. 

b. Position the trace at the top graticule line. 

c. Change the NORM-INVERT switch to INVERT and note 
trace shift. 

d. Check-Trace shift not to exceed 2 minor divisions. 

e. Position the trace to the bottom graticule line. 

f. Change the NORM-INVERT switch to NORM and note 
trace shift. 

g. 01eck-Trace shift not to exceed 2 minor divisions. 

h. Position trace to the zero reference level. 

5. Check Input Grid Current 

a. Requirement-Trace shift due to input grid current not 
to exceed 2 minor divisions. 

b. Switch the AC-GND-DC switch to DC and note amount 
of trace shift. 
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c. Check-Trace shift not to exceed 2 minor divisions. 

6. Check Microphonics 

a. Requirement-Excessive microphonics is a condition 
that can only be judged after a number of instruments 
have been compared under specific conditions. Microphonics 
due to light tapping with the finger on the front of the Type 
3A8 is typically less than 1 major division. 

b. Set the AC-GND-DC switch to GND. 

c. Lightly tap the front panel of the Type 3A8 with the 
fingers and note amplitude of microphonics. 

d. Check-Microphonics not to exceed 1 major division. 

7. Check CAL Adjustment 

a. Requirement-Vertical deflection sensitivity must adjust 
to .02 Volts/Div. 

b. Apply the output from the standard amplitude cali
brator through a 50-0 cable to the Type 3A8 EXT Input 
connector. 

,c. Set the standard amplitude calibrator for a 0.1-volt 
square-wave output. 

d. Set the Type 3A8 AC-GND-DC switch to DC. 

e. Adjust the time-base Level control for a stable dis
play. 

f. Check-Crt display for 5 major divisions of amplitude 
(see Fig. 6-1). If necessary, adjust CAL for precisely 5 major 
divisions of amplitude. 

Fig. 6-1. Typical crt display when making CAL adjustment. 

8. Check VOLTS/DIV Attenuator Accuracy 

a. Requirement-Vertical deflection sens1t1vity within 
±3 % of the VOL TS/DIV attenuator indication. 

b. Check-Using Table 6-1, for vertical deflection accu
racy. 
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TABLE 6-1 

Type 3A8 1 Standard Vertical I Maximum 
VOLTS/DIV Amplitude Deflection I For 3 % 
Setting Calibrator Major I Accuracy 

Output Divisions I Minor 
(Volts) Divisions 

.02 .1 5 Adjusted 

.05 .2 4 -+--0.6 

.1 .5 5 -+--0.75 

.2 1 5 -+--0.75 

.5 2 4 -+--0.6 
1 5 5 -+--0.75 
2 10 5 -+--0.75 
5 20 4 -+--0.6 
10 50 5 -+--0.75 

9. Check VARIABLE Control Attenuation Range 

a. Requirement-Attenuates display amplitude by a fac
tor of at least 2.5:1 from calibrated setting. Checked at 
maximum calibrated attenuation. 

b. Set the standard amplitude calibrator output to .1 
volt. 

c. Set the Type 3A8 VOLTS/DIV switch to .02. This 
should provide 5 division display amplitude. 

d. Rotate the VARIABLE control for maximum attenuation, 
and check that amplitude is reduced to 2 divisions or less. 

10. Check AC-GND-DC Coupling Switch Operation 

a. Requirement-Correct signal coupling in each posi
tion. 

b. Set the VARIABLE control to CAL and the AC-GND-DC 
switch to DC. 

c. Set the standard amplitude calibrator for an output 
of 50 mV. (2.5 major divisions.) 

d. Position the bottom of the display to the graticule 
centerline. 

e. Set the AC-GND-DC switch to AC. 

f. Check-Display waveform should move down and 
average about the centerline. 

g. Set the AC-GND-DC switch to GND and time-base to 
free run. 

h. Check-CRT display should be a straight line near 
the graticule centerline. 

11. Check Vertical Deflection Linearity ( Compression 
and Expansion l 

a. Requirement-Compression or expansion should not 
exceed -+--3% plus the linearity factor of the associated 
oscilloscope crt (typically -+--1 %). 

b. Set AC-GND-DC switch to DC position and adjust 
time-base Level control for a stable display. 

c. Position the top of the 50 mV waveform to the top 
horizontal graticule line, then position the bottom of the 
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waveform to the bottom horizontal graticule line. Note the 
compression or expansion of the display amplitude com
pared to its amplitude at the center of the graticule area. 

d. Check-Compression or expansion compared to dis
play amplitude at the center of the graticule area should 
not exceed +3% (+0.75 minor division plus crt linearity 
factor). 

12. Check VOLTS/DIV Compensation 

a. Requirement-Optimum square-wave response with 
minimum rolloff, overshoot or tilt. 

b. Set the Time/Div switch to .2 mSEC. 

c. Apply the output of the square-wave generator (Type 
106) to the Type 3A8 EXT Input connector through a GR 
to BNC adapter, 42 inch coaxial cable, 1 OX attenuator, 
50 Q termination and 47 µ,s input time constant standardizer. 

d. Adjust the square-wave generator output for a signal 
amplitude of 5 major divisions at a frequency of 1 kHz. 

e. Check- Square-wave display for less than 1.5 minor 
division rolloff, overshoot or tilt. See Fig. 6-2. Check dis
play at each position of the VOLTS/DIV attenuator set
ting. Adjust the square-wave generator output to main
tain 5 division signal amplitude. At the .2 VOLT/DIV posi
tion, remove the 10 X attenuator. Remove the 50 Q termina
tion at the 2 VOLT /DIV position. 

f. Remove the input signal from the square-wave gen
erator. 

13. Check High-Frequency Compensation 

a. Requirement-Optimum square-wave response. Less 
than 2.5% rolloff and 3% or less overshoot. 

b. Change to the following control settings: 

VOLTS/DIV 

Time/Div 

Source 

Type 3A8 

.02 

Time-Base Unit 

1 µ,SEC 

EXT 

c. Apply the fast rise + Output from the square-wave 
generator (Type 106) through the GR to BNC adapter, 18 
inch coaxial cable and the 50 fl termination to the Type 
3A8 EXT Input connector. 

d. Apply the Trigger Output from the square-wave gen
erator (Type 106) to the EXT Input of the time-base plug
in unit. 

e. Set the square-wave generator output frequency to 
approximately 300 kHz, then adjust the Amplitude control 
for a display amplitude of 4 major divisions on the crt 
graticule. 

f. Adjust time-base Level control for a stable display. 

g. Check-Crt display for optimum square-wave response 
(see Fig. 6-3). Less than ½ minor division rolloff (2.5%). 

h. Switch the -NORM-INVERT switch to INVERT. 
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a 

;,--.-- .... a..._l---.jl-~--...+--+--+--1----l-

b 

__ ,..._,.._a..._l-~l--__... ....... _..., __ --1---1----1-

Fig. 6-2. (a) Crt display of correct Volts/Div switch compensa
tion and input time constant. Cb) Input time constant loo short 
(Input C too small). (cl Input time constant too long (Input 
C too large) . 
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I I + I I 
Top front corner: Adjust for 
minimum overshoot, ringing 

r ~ and rolloff. 

~ ~ r 
, - ~ 

~~l r -
I I 

I ' 
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i 
' I 

~ ""\ j L l ~ 
._ I i,:-'\ i j 

'-' 
Preshoot ' .../ Bottom corner: 

Adjust for minimum overshoot - I---

ringing and rolloff. 
I I -,- I I I 

Fig. 6-3. Waveform with correct high-frequency compensation. (al Positive waveform showing top corner response. (bl Negative wave-
form showing bottom corner response. 

i. Check-Crt display for optimum square-wave response 
on the bottom corner. See Fig. 6-3. Less than ½ minor 
division rolloff. 

j. Apply the fast rise - Output from the square-wave 
generator (Type 106) to the Type 3A8 EXT Input connector. 

k. Check the display in both NORM and INVERT opera
tion. Optimum square-wave response within the following 
tolerances: ½ minor division or less overshoot in the NORM 
position and 1.0 minor division or less overshoot in the 
INVERT position. In either NORM or INVERT position, ring
ing, hook or rolloff should be less than ½ minor division. 

14. Check Risetime 

a. Requirement-Risetime must be 100 nsec or less. 

b. Reset the following controls to the following positions: 

NORM-INVERT 

Time/Div 

Type 3A8 

NORM 

Time-Base Unit 

.2 µ,SEC 

c. Apply a 300 kHz signal from the + Output of the 
square-wave generator (Type 106) to the EXT Input con
nector of the Type 3A8. 

d. Adjust time-base Level control for a stable display. 

e. Measure the risetime from the 10% to the 90% points 
on the 4 major division display; see Fig. 6-4. 

f. Check-Risetime must be 100 nsec. or less. 

g. Remove the signa I from the square-wave generator. 

15. Check Bandwidth 

a. Requirement-Display amplitude not more than 30% 
down at 3.5 MHz. 

® 
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Fig. 6-4. Measuring risetime. 
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b. Change to the following control settings: 

Time-Base Unit 

.l mSEC 

Int. 

,__ -90% 

- 10% 

Time/Div 

Source 

Level Free run or Auto 

c. Apply the output signal from the constant-amplitude 
signal generator (Type 191) to the EXT Input connector 
of the Type 3A8 through the GR to BNC adapter, 18 inch 
50 Q coaxial cable and 50 Q termination. 

d. Adjust time-base Level control for a stable display. 

e. Adjust the output of the constant amplitude signal 
generator for a display amplitude of 4 major divisions at 
a frequency of 50 kHz. 
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f. Without changing the output amplitude, increase the 
constant amplitude signal generator frequency until the 
display amplitude is reduced to 2.8 major divisions. (Re
adjust time base Time/Div switch setting and Level control 
to maintain a stable display on the crt.) 

g. Check-Frequency 3.5 MHz or higher. 

h. Set the NORM-INVERT switch to INVERT and repeat 
the procedure to check bandwidth in INVERT operation. 

i. Disconnect all test equipment. 

This completes the performance check of the Display 
Amplifier. 

Operational Amplifier 

Since the Operational Amplifiers are identical, the fol
lowing performance check procedure is applicable to both. 
Check number 1 amplifier then change the Display Am
plifier EXT-1-2 switch settings from 1 to 2 in all steps to 
check number 2 amplifier. 

16. Check OFFSET ( Output DC Levell 

a. Requirement-Adjustable through zero. 

b. Set input switch to GND position and position the 
trace to graticule center to establish a zero signal refer
ence level. 

c. Check the POSITION control and adjust if necessary; 
see Step 2. 

d. Change the controls to the following settings: 

EXT-1-2 

VOLTS/DIV 

ADJUST-NORM-LF REJ 

10 

ADJUST 

e. Position the trace to graticule center with the OFF
SET adjustment. 

f. Change the VOLTS/DIV switch setting to .1 ,n steps 
while adjusting the OFFSET each step, so as to position 
the trace to the graticule center. 

NOTE 

Due to thermal lag, this adjustment will require 
time to stabilize. As the sensitivity of the deflec
tion amplifier is increased, small changes in OFF
SET adjustment will have increasing effect in the 
amount of trace movement. The final adjustment 
may drift around the zero reference trace posi
tion. 

g. Check-OFFSET must adjust trace through zero signal 
reference level. 

h. Set ADJUST-NORM- LF REJ switch to NORM. 

17. Check LF REJ for DC Rejection 

a. Requirement-Trace should return to graticule center 
at each postion of Z1. 

b. Change to the following switch settings: 
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Z; 1 MU 

ADJUST-NORM-LF REJ LF REJ 

Time-Base Unit 

Time/Div 10 mSEC 

C. 

line. 
Position the trace vertically to the graticule center-

d. Switch Z1 through all C positions. 

e. Check-Trace may have ripple, but should return to 
the center horizontal graticule line at each 'C' position 
of Z1. 

f. Set ADJUST-NORM-LF REJ switch to NORM. 

18. Check Grid Current 

a. Requirement-Spot vertical movement not to exceed 2.5 
major divisions in 5 seconds. 

b. Change the following switch settings: 

VOLTS/DIV 
Z; 
Z1 
+ GRID SEL 

Time/Div 

Level 

Type 3A8 

.1 
EXT 
EXT 
(+} 

Time Base Unit 

1 SEC (Decrease spot in
tensity to avoid burning 
phosphor on the crt 
screen) 

Free-run 

c. Plug the Grid Current Checker into the front-panel jacks. 

d. As the free-running sweep moves the spot past a verti
cal graticule line, push the (-) Grid button on the Current 
Checker. 

e. Check-Vertical movement of the spot should not be 
more than 2.5 major divisions in 5 major divisions or hori
zontal travel. 

f. As the free-running sweep moves the spot past a verti
cal graticule line, push the (+} Grid button on the Grid Cur
rent Checker. 

g. Check-Vertical movement of the spot should not be 
more than 2.5 major divisions in 5 major divisions of hori
zonta I travel. 

h. Remove the Grid Current Checker. 

19. Check Open-Loop DC Gain 

a. Requirement-Open-Loop DC gain must be 15,000 or 
more. 

b. Change to the following switch settings: 
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.01 MIL 

Square wave 
generator 

z, 

.01 

z, 

1 MIL 

Performance Check-Type 3A8 

z, 
I MIL 

"'>--1-411>---0 Output 
±25 V 

7.5 mA 

3.34 KIL 

Fig. 6-5. Operational amplifier connected to check output voltage and current specifications. 

VOLTS/DIV 
Z; 
Zr 
+ GRID SEL 

Time/Div 

Type 3A8 

10 
1 Mn 
1 Mn 
(-) 

Time Base Unit 

5 ms 

,c. Connect a shorting strap between the INPUT banana 
jack and the -GRID banana jack. 

d. Apply 1 mV from the 560-Series oscilloscope Calibrator 
to the Operational Amplifier INPUT connector. 

NOTE 

Signal frequency should be 60 Hz or less. 

e. Set Z1 at EXT and check for at least 15 V peak-to-peak 
square-wave output. Adjust OFFSET if necessary to hold 
the display within amplifier limits. 

f. Check-15 V + 1 mV = Gain of 15,000. 

g. Remove the shorting strap and set Z1 switch to 1 Mn. 

20. Check Output Voltage and Current 

NOTE 

This check requires one operational amplifier to 
drive the operational amplifier being checked. 

a. Requirement-Output +25 V at 7.5 mA. 

b. Change to the following switch settings: 

EXT-1-2 

VOLTS/DIV 

Type 3A8 

2 

10 

Driving Operational Amplifier 

.01 Mn 

.01 ,uF-

± GRID SEL 

ADJUST-NORM- LF-REJ 

(-) 

LF REJ 

Time/Div 

Level 

Time-Base Unit 

1 mSEC 

Auto 

c. Apply the Hi Amplitude output from the square-wave 
generator (Type 106) through the GR to BNC adapter, 50 n 
termination, an 18-inch BNC to banana plug patch cord and 
1.0 ,uF capacitor to the INPUT of the driving Operational 
Amplifier. Connect a banana plug patch cord as a ground 
strap between instruments. 

d. Connect a 6-inch BNC to BNC patch cord between 
the output jack of the driving Operational Amplifier and 
the input jack of the Operational Amplifier under test. 
See Fig. 6-5. 

e. Adjust the output of the square-wave generator for 
an output signal amplitude from the driving amplifier of 
50 volts (5 major divisions} at an approximate frequency 
of 300 Hz. The output signal from the driving amplifier 
should be a triangular waveform with peaks at plus and 
minus 25 V. 

f. Set the Type 3A8 EXT-1-2 switch to 1. Check for a 
display amplitude of +25 V (5 major divisions) with no 
limiting at levels of +25 V or less. 

g. Connect the 3.34-kn resistor between the output jack 
and ground of the Operational Amplifier under check. 
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h. Check-Display amplitude should remain undistorted 
at +25 V. 

1. Disconnect all test equipment and test jigs. 

21 . Check Z; and Z1 Resistor Components 

a. Requirement-This check is a functional check on Z; 
and Z1 component values. The high performance values of 
these components require a resistance or capacitance bridge 
to accurately check the component tolerances. 

b. Change to the following switch settings: 

VOLTS/DIV 

Z; 

Type 3A8 

.5 

.01 Mn 

.01 Mn 

ADJUST-NORM-LF REJ LF REJ 

Time Base Unit 

Time/Div .5 mSEC 

c. Apply the Hi Amplitude output from the square-wave 
generator (Type 106) through the GR to BNC adapter, 18-
inch coaxial cable and 50 n termination to the Operational 
Amplifier INPUT connector. 

d. Adjust the output and frequency of the square-wave 
generator (Type 106) for a 4 major division display of 1 kHz. 

e. Check the operation of the Z; and Z1 resistors accord
ing to Table 6-2. 

-

NOTE 

Do not change the square-wave generator settings 
while checking Z; and Z1 operation. 

TABLE 6-2 

Amplitude 

Switch Setting Peak to Peak 

Z; Z1 VOLTS/DIV Major Divisions 
R Mn R Mn 

.01 .01 .5 4 

. l .1 .5 4 

.2 .2 .5 4 

.5 .5 .5 4 
1 1 .5 4 
1 .5 .5 5 
1 .2 .1 4 
1 .1 .OS 4 
.2 .01 .02 5 
.01 .1 5 4 
.1 l 5 4 
.2 1 2 s. 
.5 1 1 4 

22. Check Z; and Z1 Capacitor Components 

a. Change to the following control and switch settings: 
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VOLTS/DIV 

Input Selector 

Type 3A8 

.OS 

DC-GND-AC 

NORM-INVERT 

ADJUST-NORM-LF REJ 

+ GRID SEL 

DC 

NORM 

LF REJ 

(-) 

1 µ.F 

1 µ.F 

Time Base Unit 

Time/Div .5 mSEC 

b. Apply a 1 kHz signal from the square-wave generator 
(Type 106) Hi Amplitude output through 18-inch coaxial 
cable, 1 OX attenuator and 50 n termination to the INPUT 
connector of the Operational Amplifier. 

c. Adjust the output of the square-wave generator for 
a 4-division display. Adjust the time-base Level Control 
for a triggered display. 

d. Check the operation of the Z; and Z1 capacitors as 
per table 6-3. 

Install the special reject board (see Fig. 6-6) and set 
the ADJUST-NORM-LF REJ switch to NORM. 

Set Z; to .001 and Z1 to 100 pF, then change the fre
quency of the square-wave generator (Type 106) to approx
imately 25 kHz. Readjust the output amplitude control of 
the square-wave generator to establish a 4-division display 
amplitude at a VOLTS/DIV setting of .5. 

TABLE 6-3 

Switch settings Amplitude 
Z; (Cl Z1 (Cl VOLTS/DIV Divisions 

1 1 .OS 4 

.1 .1 .OS 4 

.01 .01 .OS 4 

.001 .001 .OS 4 
1 .1 .5 4 
.1 .01 .5 4 
.01 .001 .5 4 

.001 100 pF .5 4 

e. Check the operation of the 10 and 100 pF components 
as per table 6-4. 

TABLE 6-4 

Switch settings Amplitude 

Z; (Cl I Z1 (Cl VOLTS/DIV Divisions 

100 pF 100 pF .OS 4 

100 pF 10 pF .5 4 

10 pF 10 pF .OS 4 
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MAINTENANCE NOTE 

TYPE 3A8 
PERFORMANCE CHECK ADDENDUM 

Section 6 Performance Check 

Page 6-8 Table 6-2 

CHANGE: Line 6 to read as follows: 

1 

i'EK 3A8 RB 

~ .2 

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. 

7-12-68 

5 

03/368 
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f. Remove the LF Reject circuit board and test equip
ment from the Type 3A8. 

23. Check the Gain-Bandwidth Produd !Open Loop) 

a. Requirement- Open-loop gain-bandwidth product must 
be equal to or greater than 10 MHz. 

Example: 
Measured amplitude 
Reference amplitude 

4.2Cm X 
4Cm 10MHz 
X = 10.5MHz 

1M 

z, 

Input Z, 0----, ,, ____ --1 

0 t) 

0 

0 (i) 

Actual 
Gain-Bandwidth Prod. 

10MHz 

1M 

Output 

0 •© 

Fig. 6-6. Test jig to check 10 and 100 pf Z, and Zr capacitors. 
Cal Circuit diagram approximate 1 kHz LF Reject jig. (bl Pic
torial layout. 

Performance Check-Type 3AS 

b. Change to the following switch settings: 

VOLTS/DIV 

Z; 

Time/Div 

Type 3A8 

10 

.001 µF 

lMn 

Time Base Unit 

.2 mSEC 

c. Preset the constant amplitude signal generator (Type 
191) as follows: 

Frequency Range 

Amplitude 

Amplitude Range 

8.2-18 MHz 

15 

50-500 mV 

d. Preset the test oscilloscope (540-Series} controls as fol
lows: 

Vertical Unit 

Volts/Div .05 

Input Coupling DC 

Time-Base 

Time/cm .2 µSEC 

Triggering 

Mode Auto 

Coupling AC 

Source Int 

e. Apply the Output of the Type 191 through a GR to 
BNC adapter, 18-inch coaxial cable and 50 n termination 
to the vertical Input connector of the test oscilloscope. 

f. Adjust the Output and Frequency of the constant am
plitude signal generator (Type 191) for a reference ampli
tude of 4 cm at 10 MHz on the test oscilloscope (200 mV 
with Volts/ cm switch at .05). 

g. Remove the signal cable from the vertical input of the 
test oscilloscope and apply the 10-MHz signal to the INPUT 
connector of the Operational Amplifier. 

h. Connect a coaxial cable (:::; 18-inch cable} from the 
OUTPUT connector of the Operational Amplifier to the 
vertical Input connector of the test oscilloscope. 

i. Check-Test scope display must be 4 cm or greater 
in amplitude. 

This completes the performance check of the Type 3A8. 
Disconnect all test equipment. If the instrument has met 
all performance requirements given in this procedure, it 
is correctly calibrated and within the specified tolerances. 
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SECTION 7 

CALIBRATION 

Introduction 

The following procedure should be used to calibrate the 
Type 3A8 Operational Amplifier Plug-In Unit. The instru
ment should not require frequent calibration, but occasional 
adjustments will be necessary when transistors, tubes and 
other components are changed. A periodic recalibration 
is desirable from the standpoint of preventive maintenance. 

Apparent troubles in the instrument are occasionally the 
result of improper calibration of one or more circuits. Con
sequently, calibration checks should be an integral part of 
any troubleshooting procedure. Abnormal indications dur
ing calibration checks will often aid in isolating troubles 
to a definite circuit or stage. 

In the instructions that follow, the steps are arranged 
in the proper sequence for a complete calibration of the 
unit. Each step contains the information required to make 
one check or adjustment or a series of related checks or 
adjustments. The steps are arranged to avoid unnecessary 
repetition of checks or adjustments. 

EQUIPMENT REQUIRED 
(see Fig. 7-1 l 

The following equipment or its equivalent is required to 
perform a complete calibration of the Type 3A8 Plug-In 
Unit. All test equipment is assumed to be correctly cali
brated and operating within the original specifications. If 
equipment is substituted, it must meet or exceed the specifi
cations of the recommended equipment. All calibration fix
tures listed under Equipment Required can be obtained from 
Tektronix, Inc. Order by part number through your local 
Tektronix Field Office or representative. 

1. Multimeter. Minimum sensitivity 20,000 ohms/volt. 

2. Test oscilloscope. Tektronix 560-Series (except the 560), 
Type 561A recommended. The test oscilloscope square
wave transient adjustments must be correct. 

@ 

NOTE 

Early production models of the 560-Series oscillo
scopes were wired with the variable compensating 
capacitor for the vertical deflection plates con
nected from pin 21 of the plug-in connector to 
ground. More recent models have th is capacitor 
relocated across the vertical deflection plates 
( pin 17 to pin 21 of the plug-in connector). 

If the Type 3A8 does not meet bandpass or 
risetime specifications, it may be because capaci
tance to ground from pin 17 is quite different 
from that at pin 21 to ground, even though 
the effective capacitance between pin 17 and 21 
is correct. This is less likely to occur where the 
variable compensating capacitor is connected be
tween pins 17 and 21 and adjusted for correct 
deflection plate capacitance. 

Adjust by using Tektronix Type 3M 1 Crt De
flection Capacitance Normalizer Plug-In Unit and 
the instructions in the Calibration procedure of the 
oscilloscope manual. 

3. Time-base plug-in unit, used with the Tektronix Type 
561 A oscilloscope, Type 2B67, 3B1 thru 3B4 recommended. 

4. Test oscilloscope with bandpass greater than 15 MHz. 
Type 540A or B series oscilloscope with the Type 1 Al Plug
In Unit and Tektronix P6006 Probe recommended. 

5. Standard Amplitude Calibrator. Accuracy within 0.25%; 
signal amplitude, 5 millivolts to 50 volts; ·output signal 
1 kHz. Tektronix calibration fixture 067-0502-00 recom
mended. 

6. Square wave Generator. Frequency 450 Hz to 1 MHz. 
Risetime less than 15 nanoseconds. Tektronix Type 106 
Square wave Generator recommended. 

7. Constant Amplitude Signal Generator. Frequency 50 
kHz and 350 kHz to above 10 MHz, with an output im
pedance of 50 ohms. Tektronix Type 191 Constant Am
plitude Signal Generator recommended. 

8. Input time-constant standardizer, 47 µ,s with BNC con
nectors. Tektronix Part No. 011-0068-00. 

9. Grid current checker. Tektronix Part No. 067-0507-00. 

10. Plug-in extension; for units in 560-Series oscilloscopes, 
Tektronix Part No. 013-0034-00. 

11. 1 OX Attenuator. Impedance, 50 ohm; with BNC con
nectors. Tektronix Part No. 011-0059-00. 

12. Termination. Impedance, 50 ohm; with BNC con
nectors. Tektronix Part No. 011-0049-00. 

13. Cable. Impedance, 50 ohm; type RG-58A/U; length, 
42 inches; BNC connectors. Tektronix Part No. 012-0057-00. 

14. Cable. Impedance, 50 ohm; type RG-58A/U; length, 
18 inches; BNC connectors. Tektronix Part No. 012-0076-00. 

15. Patch cord. Length, 18 inches; BNC to BNC con
nectors. Tektronix Part No. 012-0087-00. 

16. Patch cord. Length, 18 inches; BNC to banana plug 
connectors. Tektronix Part No. 012-0091-00. 

17. Adapter, GR to BNC female. Tektronix Part No. 017-
0063-00. 

18. Double banana plug adapter (three). General Radio 
Type 274-MB. 

19. Patch cord. Length, 18 inches; banana plug connectors. 
Tektronix Part No. 012-0031-00. 
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(1) 

.~ .. 

( I 

7-2 

GRID CURRENT 

CHECKER 

067-0507-00 

TEKTRONIX, INC:. 

{9] 

(17) 

(5] 

(13) 

(18] 

(4] 

(6] (7) (8) 

(10) (11) (12] 

(14) (15) (16] 

(19] (20) 

Fig. 7-1. Recommended calibration equipment. 
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20. Patch cord. Length, 6 inches; banana plug connectors. 
Tektronix Part No. 012-0028-00. 

21. Resistor, 3.34 kn, 1 %, ½ watt. 

22. Capacitor, 1 µF, 100 V. 

23. Adjustment tools (see Fig. 7-2). 

Description 

a. Insulated screwdriver, 1 ½ inch 
shaft, non-metallic 

b. Screwdriver, 3 inch shaft 

c. Tuning rod, 5 inch 

(A) 

(8) 

Tektronix 
Part No. 

003-0000-00 

003-0192-00 

003-0301-00 

Fig. 7-2. Recommended adjustment tools. 

PRELIMINARY PROCEDURE 

1. Remove the number 1 Operational Amplifier etched 
circuit card from the Type 3A8 to provide access to the 
attenuator adjustments. 

CAUTION 

Keep loose pin connectors free from contact with 
voltage or signal points. There are no voltages 
on these wires, but the components connected to 
them could be damaged if excess voltage were 
applied. 

2. Install the Type 3A8 Unit in the vertical compartment 
of a 560-Series oscilloscope. 

3. Remove the left side panel of the oscilloscope to ex
pose test points and adjustments for the Type 3A8. 

4. Apply power to the test equipment and the Type 3A8. 
Allow a minimum 15-minute warm-up period at 25°C. ±5°, 
for equipment stabilization. 

® 

Calilm:il'ion-Type 3A8 

CALIBRATION RECORD AND INDEX 

This abridged Calibration Procedure is provided to aid 
in checking the operation of the Type 3A8. It may be used 
as a calibration guide by the experienced calibrator, or it 
may be used as a calibration record. Since the step num
bers and titles used here correspond to those used in the 
complete Calibration Procedure, the following procedure 
serves as an index to locate a step in the complete Cali
bration Procedure. Characteristics are those listed in the 
Characteristics section of the Instruction Manual. 

Type 3A8 Serial No. 

Calibration Date 

D 1. Adjust DC Balance. Page 7-5. 

No trace shift as NORM-INVERT switch 1s switched 
from NORM to INVERT position. 

D 2. Check effect of VARIABLE control on trace position. 
Page 7-5. 

Trace shift as the VARIABLE control is rotated should 
be less than 1 major division. 

D 3. Check Grid Current. Page 7-6. 

2 minor divisions or less trace shift due to grid 
current. 

D 4. Check Microphonics. Page 7-6. 

□ 

1 major division or less of microphonics 

5. Adjust Cal. Page 7-7. 

Correct signal amplitude as indicated by the VOLTS/ 
DIV switch at the .02 position. 

D 6. Check VOLTS/DIV Attenuator Accuracy. Page 7-7. 

Waveform amplitude within +3% of indicated switch 
position. 

D 7. Check VARIABLE Control Attenuation Range. Page 
7-7. 

Range ratio 2.5: 1 or more. 

□ 8. Check AC Coupling. Page 7-7. 

Display averages around zero reference level. 

D 9. Check Vertical Deflection Linearity (Compression and 
Expansion). Page 7-7. 

Amplitude change due to compression or expansion 
must be within +3% plus the linearity factor of the 
associated oscilloscope crt. (Typically + 1 %). 

D 10. Adjust DC Level of Trigger Signal Output and Check 
Trigger Output Amplitude. Page 7-8. 

Adjusted for O volts +0.2 volts, with trace centered. 
Trigger amplitude should be approximately 1 volt 
peak to peak with a low frequency 3 volts peak-to 
peak signal at pin 21 of rear connector plug. 

D 11. Adjust Input Time-Constant and VOLTS/DIV Com
pensation. Page 7-9. 

Adjust for optimum flat-top and front corner. Opti
mum square-wave response in all VOLTS/DIV posi
tions. 
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D 12. Adjust High Frequency Compensation. Page 7-11. 

Optimum response to 300 kHz fast-rise square-wave. 

D 13. Check Risetime. Page 7-12. 

Risetime to a fast-rise square-wave should be 100 ns 
or less. 

D 14. Check Bandpass. Page 7-13. 

DC to 3.5 MHz minimum. 

Operational Amplifiers 

0 15. Adjust OFFSET (Output DC Level). Page 7-14. 

Position trace to zero reference level with OFFSET 
control. 

□ 16. Check LF REJ for DC Rejection. Page 7-14. 

Trace should return to graticule center at each posi
tion of Zt, 

D 17. Adjust Grid Current. Page 7-15. 

Minimum vertical spot velocity after each switch of 
the Grid Current Checker is opened. 

D 18. Check Open-loop DC Gain. Page 7-17. 

Gain 15,000 minimum. 

D 19. Check Output Voltage and Current. Page 7-18. 

Will drive 3.34 kO resistor at low frequencies to +25 
volts. 

D 20. Check Z; and Z1 Components. Page 7-19. 

Operational check of correct function of Z;/Z1 com
binations. 

D 21. Adjust Z1 10 and 100 pF Variable Capacitors. Page 
7-21. 

Correct signal attenuation factor. 

D 22. Adjust Z; 10 and 100 pF Variable Capacitors, Page 
7-22. 

Adjusted to correct attenuation factor. 

D 23. Check Gain-Bandwidth Product (Open-loop). Page 
7-25. 

10 MHz minimum. 

CALIBRATION PROCEDURE 

General 

In the following calibration procedure, a test equipment 
setup is shown for each major setup change. Complete 
control settings are listed beneath the picture. To aid in 
locating individual controls which have been changed dur
ing complete calibration, these control names are printed 
in bold type. If only a partial calibration is performed, 
start with the nearest setup preceding the desired portion. 

NOTE 

When performing a complete recalibration, best 
performance will be provided if each adjustment 
is made to the exact setting, even if the Check 
is within the allowable tolerance. 

The following procedure uses the equipment listed 
under Equipment Required. If substitute equip
ment is used, control settings or setup must be 
altered to meet the requirements of the equipment 
used. 

NOTES 
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Fig. 7-3. Initial test equipment setup for steps 1 through 5. 

® 

Type 3A8 

Display Amplifier 

EXT-1-2 EXT 

AC-GND-DC GND 

NORM-INVERT NORM 

VOLTS/DIV .02 

VARIABLE CAL 

POSITION Midrange 

BAL Midrange 

Operational Amplifiers, 1 and 2 

Z; 

Z1 

+ GRID SEL 

ADJUST-NORMjLF REJ 

1 Mil 

1 Mil 

(-) 
NORM 

Time/Div 

Triggering 
Level 

Time-Base Plug-In Unit 

1 mSEC 

Slope 

Coupling 

Source 

Auto or Free-Run 

+ 
AC 

Int 

Calibration-Type 3A8 

DISPLAY AMPLIFIER 

1. Adjust DC Balance 

a. Test equipment setup is as shown in Fig. 7-3. 

0 

b. Position the trace to the graticule centerline, with the 
input to the Display Amplifier grounded. This trace position 
will be referred to as the zero signal reference level. 

Fig. 7-4. BAL !COARSE) Adjustment R410. 

c. Set the BAL (coarse) adjustment R410 (see Fig. 7-4) 
so there is less than 1 major division trace shift when the 
NORM-INVERT switch is alternated from NORM to INVERT 
position. 

d. Set the front panel BAL adjustment R414 for minimum 
trace shift as the NORM-INVERT switch is alternated be
tween the two positions. 

NOTE 

Rapid switching between NORM and INVERT 
position may cause balance point to drift. Allow 
a lag time between switch positions before the 
BAL adjustment is made. 

2. Check VARIABLE Control Effect on Trace 
Position 

a. Test equipment setup as shown in Fig. 7-3. 

b. Rotate the VARIABLE control through its range and 
note the amount of trace shift. 
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c. Check-Trace shift should be less than 1 major divi
sion. 

d. Select Q334 and Q434 for matched Vbe, if imbalance 
is greater than 1 major division. 

3. Check Input Grid Current 

a. Test equipment setup is as shown in Fig. 7-3. 

b. Switch AC-GND-DC switch to DC position and note 
the amount of trace shift. 

c. Check-Trace shift not to exceed 2 minor divisions. 

4. Check Microphonics 

a. Excessive microphonics is a condition that can only 
be judged after a number of instruments have been com
pared under specific conditions. Microphonics due to light 
tapping with the finger on the front of the Type 3A8 is 
typically less than 1 major division. 

b. Set AC-GND-DC switch to GND. 

c. Lightly tap the front panel of the Type 3A8 with the 
fingers and note microphonic amplitude. 

d. Check-Microphonics not to exceed 1 major division. 

e. If microphonics are excessive, change the input tube 
V303 and repeat steps 1 through 3. 

Fig. 7-5. Test equipment setup for steps 6 through 12. 

Type 3A8 Z1 1 Mn 

Display Amplifier + GRID SEL (-) 
EXT-1-2 EXT ADJUST-NORMJLF REJ NORM 
AC-GND-DC DC 

Time-Base Plug-In Unit 
NORM-INVERT NORM 

VOLTS/DIV .02 Time/Div 1 mSEC 

VARIABLE CAL 
Triggering 

Level Auto or Free-Run 
POSITION Midrange 

Slope + 
Operational Amplifiers, and 2 Coupling AC 

zi 1 Mn Source Int 
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5. Adjust CAL (Bc1Sic sensitivity calibration) 0 
a. Test equipment setup is as shown in Fig. 7-5. 

b. Apply a 0.1 volt signal from the Standard Amplitude 
Calibrator to the Type 3A8 EXT input connector. 

c. Set the CAL adjustment R337, for an accurate signal 
amplitude of 5 major divisions. See Fig. 7-6. 

8 OPE!'lATIONAl AMPllfiER POSITION 

DISPLAY A.MPLlfl,. 
f AC ' . NORM } · 

' ' -··-- BAL 

,, GND . .· INVERT 

:., 0-Ct 

Fig. 7-6. CAL adjustment set accurately lo 20 mV /DIV. 

6. Check VOLTS/DIV Attenuator Accurm:y 

a. Test equipment setup as shown in Fig. 7-5. 

b. Check-Using the VOLTS/DIV switch and standard 
Amplitude Calibrator settings given in Table 7-1, check that 
signal amplitude is within +3% for each position of the 
VOL TS/ DIV switch. 

7. Check VARIABLE Control Attenuation Range 

a. Test equipment setup as shown in Fig. 7-5. 

b. Set the output of the Standard Amplitude Calibrator 
to .1 volt. This should provide a 5 division display ampli
tude. 

c. Position the display to the center of the graticule area. 

® 

Cali!:m:ition-Type JA8 

d. Rotate the VARIABLE control to maximum attenuation 
position. 

e. Check-Display amplitude is 2 divisions or less (Atten
uation ratio 2.5:l or more). 

TABLE 7-1 

Type 3A8 Standard Vertical Maximum Error 
VOLTS/DIV Amplitude Deflection For ±3 ¾ Accuracy 

Setting Calibrator Major Minor Divisions 
Output Divisions 
(Volts) 

.02 .1 5 Adjusted 

.05 .2 4 ±0.6 

.1 .5 5 +0.75 

.2 1 5 +0.75 

.5 2 4 ±0.6 
1 5 5 +0.75 
2 10 5 +0.75 
5 20 4 +0.6 
10 50 5 ±0.75 

8. Check AC-GND-DC Coupling Switch 
Operation 

a. Test equipment setup is as shown in Fig. 7-5. 

b. Set the Standard Amplitude Calibrator for an output 
of 50 mV (2.5 major division display amplitude). 

c. Position the bottom of the display to the graticule 
centerline and change the AC-GND-DC switch to AC. 

d. Check-Display should move down and average about 
the graticule centerline. 

e. Set the AC-GND-DC switch to GND position and the 
time-base triggering to free run. 

f. Check-Crt display should be a straight line near the 
graticule centerline. 

9. Check Vertical Deflection linearity (Com
pression and Expansion) 

a. Test equipment setup is as shown in Fig. 7-5. 

b. Set the Standard Amplitude Calibrator for a 50 mV 
output and adjust the time-base Level control for a stable 
display. 

c. Position the top of the 50 mV waveform to the top 
horizontal graticule line, then position the bottom of the 
waveform to the bottom horizontal graticule line. Note the 
compression or expansion of the display amplitude. 

d. Check-Compression or expansion compared to display 
amplitude at the center of the graticule area should not 
exceed +3% plus the linearity factor of the associated 
oscilloscope crt (typically +l %). 
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Fig. 7-7. Test point 6 on Display Amplifier board, and Sig/Trig 
DC Level adjustment R480. 

GR to 
BNC 

Adapter 

Time Constant 
Standardizer 

10. Adjust DC Level of Trigger Signal Out- 0 
put and Check Trigger Output Amplitude 

a. Test equipment setup is as shown in Fig. 7-5. 

b. Set the AC-GND-DC switch to GND position. 

c. Position the trace to zero signal reference level (see 
step 1 ). 

d. Connect the probe from the test oscilloscope to Test 
point 6 (see Fig. 7-7). 

e. Adjust the Sig/Trig DC Level R480, for zero volts 
(allowed + 0.2 volts). 

f. Set the AC-GND-DC switch to the DC position and the 
Standard Amplitude Calibrator output to 10 mV. 

g. Remove the test oscilloscope probe from Test Point 6 
and connect the probe to pin 17 or 21 of J-11 (either vertical 
deflection plate lead to the crt). 

h. Adjust the Type 3A8 VARIABLE control for a reference 
display amplitude of 3 volts on the test oscilloscope. 

i. Reconnect the test oscilloscope probe to Test Point 6. 
See Fig. 7-7. 

j. Check-Trigger amplitude should be approximately 1 
volt in amplitude. 

lOX 
Attenuator 

50 n Termination son 
Coaxial Cable 

Fig. 7-8. Test setup for step 11. 
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Type 3A8 

Display Ampifier 

EXT-1-2 EXT 

AC-GND-DC DC 

NORM-INVERT NORM 

VOLTS/DIV .02 

VARIABLE CAL 

POSITION Midrange 

Operational Amplifiers 1 and 2 

Z; 

Z1 

+ GRID SEL 

ADJUST-NORMfLF REJ 

lMD 

lMD 

(-) 

NORM 

Time/Div 

Triggering 

Level 

Slope 

Coupling 

Source 

Time-Base Plug-In Unit 

.2 mSEC 

C220B 
C220C r~ 

c,2.S\,# i ~1 .~ s fj22s. I 
C21BC +,S 'ii 

Auto or Free-Run 

+ 
AC 

Int 

e210c c210a 

• @·"' .I.I -.->\ 
~ · '7°'10 . V 
z .... " :, 
~ .. 1'.lO~,,,,-•f', 2'. ;) . . . . -
u ¼ 

C20BC C2088 

Fig. 7-9. Input and compensating capacitors for VOLTS/DIV 
attenuator. 

11. Adjust Input Time-Constant and VOLTS/ 0 
DIV Compensation 

a. Test equipment setup 1s as shown 1n Fig. 7-8. 

@ 

Calibration-Type 3A8 

-
I I 

a 

,.. ........... --+-+--lm-+-+--+-+---J-

b 

--+--+--+-+- ..... -+-•---+-+--1-

Fig. 7-10. (a) Typical crt display showing correct compensation and 
input time constant. (bl Input time constant too short ( Input C 
too small). (cl Input time constant loo long (Input C too great). 
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TABLE 7-2 b. Set the Square-Wave Generator (Type 106) frequency 
to 1 kHz and adjust the Hi-Amplitude output control for a 
5 major division display. (See Fig. 7-9). 

VOLTS/DIV Ratio 
Setting 

.02 71 

.05 72.5 

.1 75 

.21 710 
---

.5 
1 
22 7100 
5 
10 

Termination 

7-10 

Adjust for Optimum 

COM- INPUT C 
PENSATE ( Flat Top l 

( Front 
Corner) 

C225 
C220C C220B 
C218C C218B 
C210C C210B 
Check Check 
Check Check 
C208C C208B 
Check Check 
Check Check 

c. Adjust the Input C225 (see Fig. 7-9) for an optimum 
flat top display. See Fig. 7-10. 

d. Check and if required, adjust the VOLTS/DIV capaci
tors as listed in Table 7-2. Maintain 5 major division display 
amplitude. 

e. Check-Tilt or front corner rounding must be less than 
+0.5% and rolloff or overshoot less than + 1 %. 

'Remove the l OX attenuator to maintain 5 major division display 
amplitude. 

2 Remove the 50 !1 termination to maintain 5 major division display 
amplitude . 

. 

" 

. 

'"""'"'l ' 

' 

' 

GR lo BNC 
Adapter 

Fig. 7-11. Initial test equipment setup for steps 12 and 13. 
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Type 3A8 

Display Amplifier 

EXT-1-2 EXT 

AC-GND-DC DC 

NORM-INVERT NORM 

VOLTS/DIV .02 

VARIABLE CAL 

POSITION Midrange 

Operational Amplifiers 1 and 2 

Z; 

+ GRID SEL 

ADJUST-NORM
fLF REJ 

Time-Base 

Time/Div 

Triggering 

Level 

Slope 

Coupling 

Source 

Mo 

MO 

(-) 

NORM 

Plug-In Unit 

1 µ,SEC 

Stable 

+ 
AC 

Ext 

display 

12. Adjust High Frequency Compensation 0 

a. Test equipment setup is as shown in Fig. 7-11. 

b. Apply an approximately 300 kHz, fast-rise square-wave 
signal from the + Output of the Square-Wave Generator 
(Type 106) to the Type 3A8 and adjust the + Amplitude 
control for a display amplitude of 4 divisions. 

c. Adjust time-base unit Triggering Level control for a 
stable display. 

d. Adjust L334, L434, L344 and L444 for optimum top and 
bottom, leading corners of the display. See Fig. 7-12. L334 
and L434 affect the corner of the square-wave display, while 
L344 and L444 affect a somewhat longer time constant. The 
coil adjustments will have an apparent interaction. 

e. Set the NORM-INVERT switch to INVERT position. 

f. Check the bottom corner of the square-wave for opti
mum square corner. See Fig. 7-12. Adjust coils if necessary. 

g. Apply the fast-rise output from the Square-Wave 
Generator (Type 106) to the Type 3A8 and check the display 
in both NORM and INVERT operation. 

® 

Calibration-Type 3A8 

I I I 

Top corner: 
Overshoot, rnng,ng - -
and rolloff 

,r"'""'\. 
\~ 1 r ' 

I ; 

I 
i I 

I ' i 

/ T"\ l j 1 I 

\. LJ 
Preshoot 

I 
(al 

/ i""\. 
~ ) - p-7 r-

i 

I -r\ i J 

' f.,../ Bottom corner 
Overshoot, ringing 
and rolloff 
' 

(bl 

Fig. 7-12. la) Positive waveform showing top corner response. (bl 
Negative waveform showing bottom corner response. le) Location of 
high frequency adjustments L334, L434, L344 and L444. 
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~r---
I 
I 

I 
I 
I 

-l- ----I 

I 
I 
I 

I 
I 
I 

I I 
I I 

~I 1...-

Risetime 

.,. __ --

-- --

-- ..... -90¾ 

~- - 10¾ 

h. Check 1 % (0.2 minor div) or less overshoot in the 
NORM position and 3% (0.6 minor div.) or less overshoot in 
the INVERT position within the temperature range of 20 to 
30°C. In either position of the NORM-INVERT switch, hook 
or rolloff should be less than 1 %-

13. Check Risetime 

a. Test equipment setup is as shown in Fig. 7-11. 

b. Apply an approximately 300 kHz signal from the + 
Output of the Square-Wave Generator to the Type 3A8 
and adjust the output for a display amplitude of 4 divisions. 

c. Change the time-base Time/Div switch to the fastest 
available sweep rate. (If using Type 2867, turn SX Mag On). 
Adjust the Level control for a stable display. 

d. Measure the pulse risetime from the 10 to 90% points 
on the 4 major division display. See Fig. 7-13. 

e. Check-Risetime must be 100 ns or less. 

Fig. 7-13. Measuring risetime of Display Amplifier ::S:100 ns. f. If riseti me is excessive, repeat step 12. 

NOTES 
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50 Q 
Termination 

Calibration-Type 3A8 

Adapter 

Fig. 7-14. Initial lest setup for step 14. 

Type 3A8 

Display Amplifier 
EXT-l-2 
AC-GND-DC 
NORM-INVERT 
VOLTS/DIV 
VARIABLE 
POSITION 

Operational Amplifiers 
Z; 
Z1 
+ GRID SEL 
ADJUST-NORM-fLF REJ 

EXT 
DC 
NORM 
.02 
CAL 
Midrange 

and 2 
l M0. 
l M0. 
(-) 
NORM 

Time/Div 
Triggering 

Level 
Slope 
Coupling 
Source 

Time-Base Plug-In Unit 

.1 mSEC 

Auto or Free-Run 

+ 
AC 
Int 

Constant Amplitude Signal Generator 

(Type 191 l 

Frequency Range 
Amplitude 
Amplitude Range 

SO kHz 
5 
50-500 mV 

14. Check Bandpass 

a. Test equipment setup is as shown in Fig. 7-14. 

b. Apply a 50 kHz signal from the Constant Amplitude 
Signal Generator (Type 191) to the Type 3A8 and adjust the 
Variable Output control for a display with an amplitude 
of 4 major divisions. 

c. Adjust the time-base Triggering Level control for a 
stable display. 

d. Increase the frequency of the signal from the Constant 
Amplitude Signal Generator until the display amplitude has 
decreased to 2.8 divisions (30% down). Readjust the Level 
control if necessary to maintain stability in the display. 

e. Check-Output frequency of the signal generator (Type 
191) must be 3.5 MHz or higher. 

f. Change the NORM-INVERT switch to INVERT and 
repeat the bandpass check for INVERT operation. 

g. If bandpass is below 3.5 MHz, repeat Steps 12 and 
13. 

This completes the calibration of the Display Amplifier. 
Turn the power switch OFF and remove the Type 3A8. 
Replace the Operational Amplifier circuit card. Check for 
correct connections at the pins of both Operational Ampli
fier cards. See Maintenance section for correct pin connec
tions. Pin A, white-brown wire. Pin B, white-red wire. Pin 
C, white-orange wire. 
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r,__~ [~-tit] 
,;, ff. 

·- ~ >lJ'>,·. < 

.. ~ 

Fig. 7-15. Initial lest equipment setup for steps 15 and 16. 

Type 3A8 

Display Amplifier 
EXT-1-2 
AC-GND-DC 
NORM-INVERT 
VOLTS/DIV 
VARIABLE 
POSITION 

Operational Amplifiers 
Z; 
Z1 
+ GRID SEL 
ADJUST-NORM
fLF REJ 

1 
GND 
NORM 
1.0 
CAL 
Midrange 

and 2 
.2MO 
. 01 MO 
(-) 

ADJUST 

Time/Div 
Triggering 

Level 
Slope 
Coupling 
Source 

Time-Base Plug-In Unit 

1 mSEC 

Auto or Free-Run 

+ 
AC 
Int 

OPERATIONAL AMPLIFIERS 

The 1 and 2 Operational Amplifiers are identical, there
fore the calibration procedure is applicable to both 
although it is written for the number 1 amplifier. Calibrate 

7-14 

number 1 amplifier then change the Display Amplifier EXT-
1-2 switch settings from 1 to 2 in all setups for calibrating 
number 2 amplifier. Preliminary: After the power is applied, 
allow an initial 15 minutes warm-up period for the circuit to 
stabilize. 

15. Adjust OFFSET (Output DC Levell 0 
a. Test equipment setup is as shown in Fig. 7-15. 

b. Position the trace to the zero reference trace posi
tion. See step l . 

c. Set the AC-GND-DC switch to DC position. 

d. Adjust the OFFSET to position the trace to the zero 
reference level. 

e. Increase the Display Amplifier sens1t1v1ty by chang
ing the VOLTS/DIV switch setting to .1 in steps, adjusting 
the OFFSET each step to keep the trace near the zero ref
erence level. 

NOTE 

Due to thermal lag, the amplifier will require 
time to stabilize after each adjustment. As the 
sensitivity of the amplifier is increased, small 
changes in OFFSET will have a marked effect in 
the amount of trace movement. After final ad
justment, the output probably will move slowly 
back and forth through zero reference. 

The ADJUST setting of the ADJUST-NORMjLF 
REJ switch provides a closed-loop gain of X 100. 
Thus, with a VOLTS/DIV switch setting of .02, 
one major division of the graticule corresponds 
to 200 µV referred to the Operational Amplifier 
input. 

f. Set the ADJUST-NORMjlF REJ switch to NORM posi
tion. 

16. Check f LF REJ for DC Rejection 

a. Test equipment setup is as shown in Fig. 7-15 . 

b. Change to the following control settings: 

Type 3A8 

AC-GND-DC 

VOLTS/DIV 

ADJUST-NORMfLF REJ 

Z; 

DC 

.r 
jlF REJ 

1 Mri 

Time Base Unit 

Time/Div 10 mSEC 

c. Position the trace to the center line of the graticule. 

d. Switch Z1 through all C positions. 

e. Check-Trace should return to the center horizontal 
graticule line at each position of Z1. (Trace may have rip
ple). 

@ 



® 

Grid Current 
Checker 

!al 

D'PE 2867 

•
,.~,,~ T!:,:L:y$£ 

:::---:-T :~~ 

. ·/• 
k~ '~:;cm,/_. i. :r 

' . . 

s, 

Grid Current Calculations 

s, 

C, 1000 pf 

C, 

1000 pF 

Calibration-Type 3A8 

(bl 

With no external resistor between the minus grid and ground, and with a capacitor 
in the Z, position, the rate, polarity, and amount of change in amplifier output 
voltage indicates the grid current. The principle is valid for either the - grid or 
the + grid. 

Grid current is measured by measuring the charge stored by a capacitor in a given 
time after the switch paralleling the capacitor is opened. 

q = Ce; then, with C constant, i = C ~ or 
dt ' 

C Ae . 
Al 

1 o-' Ae 
If C is 1000 pF ( 1 o-'Fl then i = - and dividing through by 10- 12, pico-

Al 

amperes = 
ff the capacitor voltage (after opening the switch) changes 0.25 V in 5 seconds, 
the current is 50 picoamperes. 

Fig. 7-16. (a) Test setup for step 17. (bl Grid current calculations. 

Type 3A8 

Display Amplifier 

EXT-1-2 
AC-GND-DC 
NORM-INVERT 
VOLTS/DIV 
VARIABLE 
POSITION 

Operational Amplifiers 

zi 
Z1 
± GRID SEL 
ADJUST-NORM-fLF REJ 

1 
DC 
NORM 
1 
CAL 
Midrange 

EXT 
EXT 
l+l 
NORM 

Time/Div 

Time-Base Plug-In Unit 

SEC 

CAUTION 

Decrease intensity to avoid burning the phosphor 
on the crt screen. 

Triggering 

Level 

Slope 

Coupling 

Source 

17. Adjust Grid Current 

Auto or Free-Run 

+ 
AC 

Int 

0 
a. Test equipment setup is as shown in Fig. 7-16. Fig. 

7-166 illustrates the circuit and method used to measure 
grid current. 

NOTE 

Offset must be as near zero as possible when this 
adjustment is made. 

b. When the free-running sweep moves the spot past 
a vertical graticule line, push the - Grid button on the 
Grid Current Checker. The rate of spot movement verti
cally indicates the rate at which current charges the 1000 pF 
capacitor. The spot should not move vertically more than 
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1.0 V/5 se 

~ ----

Time/cm SEC 

(al Volts/div 

Fig. 7-17. (al Crt display, indicating rate at which grid current charges the 1000 pf capacitor. (bl Location of R60 and R61 + and -
Grid current adjustments. 

2.5 major divisions in 5 major divisions of horizontal travel 
(0.25V/5 seconds). See Fig. 7-170. 

c. Adjust the -lg adjustment R60 (see Fig. 7-176) for 
minimum rate of vertical spot movement after the switch 
is opened. 

d. As the free-running sweep moves the spot past the 

vertical graticule line, push the + Grid button on the Grid 
Current Checker. The spot should move vertically not more 
than 2.5 major divisions in 5 divisions of horizontal travel. 

e. Adjust the + lg adjustment R62 (see Fig. 7-176) for 
minimum vertical rate of change after the switch is opened. 

f. Remove the Grid Current Checker. 

NOTES 
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IEi il 
~ h''"l 

l 8-inch Coaxial Cable 

Fig. 7-18. Initial lest equipment setup for step 18. 

® 

Display Amplifier 

EXT-1-2 

Type 3A8 

AC-GND-DC DC 

Calibration-Type 3AS 

NORM-INVERT NORM 

VOLTS/DIV 10 

VARIABLE CAL 

POSITION Midrange 

Operational Amplifiers 

Z; 1 MO 

Z1 1 MO 

± GRID SEL (-J 

ADJUST-NORMJLF REJ NORM 

Time/Div 

Triggering 

Level 

Slope 

Coupling 

Source 

Time-Base Plug-In Unit 

5 mSEC 

Auto or Free-Run 

+ 
AC 

Int 

18. Check Open-loop DC Gain 

a. Test equipment setup is as shown in Fig. 7-18. 

b. Apply 1 mV from the oscilloscope Calibrator to the 
INPUT of the Operational Amplifier. (This signal must be 
60 Hz or less for an effective check). 

c. Set Zr switch to EXT position and check for a mini
mum 15 volt peak-to-peak display. Adjust OFFSET as re
quired to hold the display within the amplifier limits. 

NOTES 
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(al 

5 div 
integrated 

signal 
l---f--'1----11---+----tt-+--+----Hc-+-t---+-+-tt------i ( ± 2 5 V l 

f----+---+---+--t---------+----+---+--------'t---------+-------i _L 

(bl 

Fig. 7-19. (al Test equipment setup for step 19. (bl ±25 volt 
output signal of No. 2 ( 1) Operational Amplifier. 

Type 3A8 

Display Amplifier 
EXT-1-2 2 
AC-GND-DC DC 
NORM-INVERT NORM 
VOLTS/DIV 10 
VARIABLE CAL 
POSITION Midrange 

Operational Amplifiers 
Z; l MO 
zf l MO 
± GRID SEL 
ADJUST-NORM fLF 

REJ 
NORM 

Time-Base Plug-In Unit 

l mSEC 

2 
.01 Mi1 
.001 µ,F 

fLF REJ 

Time/Div 

Triggering 
Level 
Slope 

Auto or Free-Run 

+ 

7-18 

GR lo 

BNC to Banana 
Patch Cord 1 µF capacitor 

(al 

(bl 

l % resistor 

Fig. 7-20. (al Test equipment setup to check output current. (bl 
Display amplitude of ± 25 V when 3.34 kS1 resistor load is con
nected between amplifier output and ground. Should show no 
limiting. 

Coupling 
Source 

AC 
Int 

19. Check Output Voltage and Current 

a. Test equipment setup is as shown in Fig. 7-19. 

b. Apply an approximately 300 Hz signal from the Square
Wave Generator (Type l 06) through the l µ,F coupling 
capacitor to the No. 2 Operational Amplifier input. Ad
just the Hi Amplitude control for an output display ampli
tude of 5 major divisions (50 volts). See Fig. 7-196. 

c. Set the EXT-1-2 switch to l position and note that 
the display is 5 major divisions in amplitude (-+-25 volts). 

d. Connect the 3.34 kfl resistor from the OUTPUT of the 
number l Operational Amplifier to ground. See Fig. 20. 

e. Check-Display amplitude should remain at -+-25 
volts; if clipping occurs, it should be above the -+- 25 volt 
levels. 

f: Disconnect all test fixtures and test equipment. 

® 
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Calibration-Type JAB 

Fig. 7-21. Test equipment setup for step 20. Type JAB extended to calibrate Z;, Zt 10 and 20 pF capacitors. 

Type JAB 

Display Amplifier 

EXT-1-2 
AC-GND-DC 
NORM-INVERT 
VOLTS/DIV 
VARIABLE 
POSITION 

Operational Amplifier 

Z; 
Z1 
+ GRID SEL 
ADJUST-NORM-fLF 

REJ 

1 
DC 
NORM 
.5 
CAL 
Midrange 

. 01 Mn 

. 01 Mn 

fLF REJ 

Time/Div 

Triggering 

Level 
Slope 
Coupling 
Source 

Time-Base Plug-In Unit 

.2 mSEC 

Auto or Free-Run 

+ 
AC 
Int 

20. Check Z; and Z1 Components 

Turn the power off and insert the plug-in extension be
tween the Type 3A8 and the blue-ribbon connector on the 
560-Series oscilloscope. Turn the power switch on and 
allow a few minutes for the circuits to stabilize. 

This check is a functional check of Z; and Z1. Because 
of the high performance values of these components mea
surement accuracy is extremely complex. 

The variable 10 and 100 pF capacitors are dynamically 
adjusted . 

a. Test equipment setup is as shown in Fig. 7-21 . 

b. Apply a 1 kHz signal from the Square-Wave Genera
tor (Type 106) and adjust the amplitude to produce a 4 
major division display. 

CAUTION 

Do not change the Square-Wave Generator 
(Type 106) output amplitude settings when 

checking the operation of the Z; and Z1 compo
nents. 

c. Check-the operation of the Z; and Z1 resistors ac
cording to Table 7-3. 
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TABLE 7-3 

Z; R Mn Z1 R Mrl VOLTS/DIV Major Divisions 

Switch Setting I Amplitude Peak to Peak 

.01 .01 .5 I 4 

. l .1 .5 I 4 

.2 .2 .5 I 4 

.5 .5 .5 I 4 
1 1 .5 I 4 
1 .5 .2 I 5 
1 .2 .1 I 4 
1 I .1 .05 I 4 
.2 I .01 .02 I 5 
.01 .1 5 I 4 
.1 1 5 I 4 
.2 I 1 2 I 5 
.5 I 1 1 I 4 

NOTES 
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Calibration-Type 3A8 

Adapter 
50 11 Termination 

Fig. 7-22. Test equipment setup for steps 21 and 22. 

Type 3A8 

Display Amplifier 

EXT-1-2 

AC-GND-DC 

NORM-INVERT 

VOLTS/DIV 

VARIABLE 

POSITION 

Operational Amplifier 

Z; 

Z1 
+ GRID SEL 

ADJUST-NORtv\JLF REJ 

1 

DC 

NORM 

.05 

CAL 

Midrange 

1 1-tF 

1 /J,F 

(-) 
jLF REJ 

Time/Div 

Triggering 

Time-Base Plug-In Unit 

.5 

Level 

Slope 

Coupling 

Source 

Auto or Free-Run 

+ 
AC 

Int 

21. Check Z; and Z1 Components 

a. Test equipment setup is as shown in Fig. 7-22. 

b. Apply an approximately 1 kHz signal from the Square
Wave Generator (Type 106) to the INPUT connector of the 
Operational Amplifier. 

c. Adjust the Amplitude control of the Square-Wave 
Generator for a display amplitude of 4 divisions. Adjust 
the Time-Base Level control for a triggered display. 

d. Check the operation of Z; and Zr capacitors accord
ing to table 7-4. 
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TABLE 7-4 

Switch Settings 

I Z; (Cl Z1 (Cl VOLTS/DIV Amplitude 

1 1 .05 4 
.1 .1 .05 4 
.01 .01 .05 4 
.001 .001 .05 4 
1 .1 .5 4 
.1 .01 .5 4 
.01 .001 .5 4 
.001 100 pF .5 4 

22. Adjust the 100 pf Z; and Z1 Capacitors 0 
Capacitors 

a. Test equipment setup is as shown in Fig. 7-22. 

b. Install a 1 kHz reject board (see Fig. 7-23). 

c. Set Z; to .001 and Z1 to .001, then change the fre
quency of the Square-Wave Generator (Type 106) to ap
proximately 25 kHz. 

d. Readjust the output amplitude control of the Square
Wave Generator to establish a 4 division display ampli
tude at a VOLTS/DIV setting of .1. 

e. Set the VOLTS/DIV switch to 1 and Z1 to 100 pF. 

f. Adjust Cl 6 for a signal amplitude of 4 major divi-
sions. (See Fig. 7-24.) 

g. Set the VOLTS/DIV switch to 10 and Z1 to l0pF. 

h. Adjust C20 for a signal amplitude of 4 divisions. 

i. Remove the lOX attenuator and change to the fol
lowing switch settings: 

VOLTS/DIV 

Z; 

2 

.001 flF 

. 001 flF 

i. Remove the lOX attenuator and change to the fol-
Generator to establish the 4 division display amplitude. 

k. Set the VOLTS/DIV switch to .2 and Z; to 100 pF. 

I. Adjust C6 for a 4 division display. 

m. Set the VOLTS/DIV switch to .02 and Z; to 10 pF. 

7-22 

1M 1M 

z, 

Input Z, 

o--JI-----
Output 

1 Mrl 1 Mrl 

0 i) 

0 0 •© 

0 i) 

Fig. 7-23. Test jig to check 10 and 100 pf Z,, z, capacitors. (al 
Circuit diagram approximate 1 kHz LF Reject jig. ( b J Pictorial 
layout . 

n. Adjust Cl 0 for a 4 ma1or division display amplitude. 

o. Recheck adjustment of Z1 and Z; capacitors. 

p. Remove the plug-in extension, 1 kHz reject circuit and 
replace the Type 3A8 in the oscilloscope vertical compart
ment. 

® 
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Time/Div .2 mSEC 

Fig. 7-24. (al Typical 4 division display to adjust 10 and 100 pF capacitors. (bl Location of Z,, Z, 10 and 20 pF variable capacitors. 

NOTES 
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Calibration-Type 3A8 

Fig. 7-25. Test equipment setup for step 23 ( ) I width product. . a nitial setup to establish signal reference. ( b) S etup to measure Type 3A8 gain band-

Type 3A8 VARIABLE CAL 

Display Amplifier 
POSITION Midrange 

EXT-1-2 
Operational Amplifiers 

zi .001 µ,F 
AC-GND-DC DC Z1 1 MO 

NORM-INVERT NORM 
+ GRID SEL (-) 
ADJUST-NORM-fLF NORM 

VOLTS/DIV 10 REJ 
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Time-Base Plug-in Unit 

Time/Div .2 mSEC 

Triggering 

Level 

Slope 

Coupling 

Source 

Auto or Free-Run 

+ 
AC 

Int 

Constant Amplitude Signal Generator 

Freq Range 

Amplitude 

Amplitude Range 

8.2-18 

15 

50-500 mV 

Test Oscilloscope 

Vertical Unit 

Volts/Div 

Input AC-DC-GND 

.05 

DC 

Time-Base Unit 

Time/Div 

Triggering 

Mode 

Coupling 

Source 

.2 ,u,SEC 

Auto 

AC 

Int 

Calibration-Type 3A8 

23" Check Gain-Bandwidth Produd (Open
loop) 

a. Test equipment setup is as shown in Fig. 7-25a. 

b. Adjust the Constant Amplitude Signal Generator (Type 
191) output for a reference amplitude on the test oscillo
scope of 4 major divisions at a frequency of 10 MHz. (200 
mV with VOLTS/DIV switch set at .05.) 

c. Remove the signal cable from the vertical input of 
the test oscilloscope and reconnect the signal to the IN
PUT connector of the Operational Amplifier. 

d. Connect a coaxial cable ( < 18 inches) from the OUT
PUT connector of the Operational Amplifier to the vertical 
input connector of the test oscilloscope. (See Fig. 7-256.) 

e. Check-Test oscilloscope display must be 4 divisions 
or greater in amplitude. 

Example: 

Measured amplitude 
Reference amplitude 

4.2 Cm X 
4 Cm 10MHz 

X = 10.5MHz 

Actual 
Gain-Bandwidth Prod. 

10MHz 

This completes the calibration of the Type 3A8 Operational 
Amplifier. Repeat the procedure to calibrate the second 
amplifier. 

NOTES 
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Type 3A8 

SECTION 8 

ELECTRICAL PARTS LIST 
Values are fixed unless marked Variable. 

Tektronix 
Ckt. No. Part No. Description S/N Range 

Capacitors 

Tolerance +20% unless otherwise indicated. 

C4A 

} 
l µ,f 

C4B *291-0043-00 0.1 µ,f Timing Capacitor 
C4C 0.01 µ,f 
C4D 0.001 µ,f 

C4E 

} 
1 µ,f 

C4f *291-0043-00 0.1 µ,f Timing Capacitor 
C4G 0.01 µ,f 
C4H 0.001 µ,f 

C6 Use 281-0094-00 5.5-18 pf Cer Var 
CB 281-0646-00 88 pf Cer 500V 5% 
Cl0 Use 281-0094-00 5.5-18 pf Cer Var 
C15 281-0537-00 0.68 pf Cer 500V 
C16 Use 281-0094-00 5.5-18 pf Cer Var 

C17 281-0557-00 1.8 pf Cer 500V 
C18 281-0646-00 88 pf Cer 500V 5% 
C19 281-0503-00 8 pf Cer 500V +0.5 pf 
C20 Use 281-0094-00 5.5-18 pf Cer Var 
C35 (2) 283-0051-00 0.0033 µ,f Cer 100V 5% 

C40 (2) 283-0059-00 1 µ,f Cer 25V +80%-20% 
(201 *285-0657-01 0.1 µ,f PTM 600V +5%-15% 
(204 281-0504-00 10 pf Cer 500V 10% 
C208A 281-0572-00 6.8 pf Cer 500V +0.5 pf 
C208B 281-0103-00 1.8-13 pf Air Var 
C208C 281-0100-00 1.4-7.3 pf Air Var 

C208E 283-0541-00 500 pf Mica 500V 10% 
C210A 281-0504-00 10 pf Cer 500V 10% 100-219 
C210A 281-0544-00 5.6 pf Cer 500V 10% 220-up 
C210B 281-0103-00 1.8-13 pf Air Var 
C210C 281-0100-00 1.4-7.3 pf Air Var 100-219 
C210C 281-0103-00 1.8-13 pf Air Var 220-up 

C210E 281-0504-00 10 pf Cer 500V 10% 100-219 
C210E 281-0622-00 47 pf Cer 500V 1% 220-up 
C218B 281-0103-00 1.8-13 pf Air Var 
C218C 281-0100-00 1.4-7.3 pf Air Var 
C218E 281-0501-00 4.7 pf Cer 500V +1 pf 
C220B 281-0103-00 1.8-13 pf Air Var 

C220C 281-0103-00 1.8-13 pf Air Var 
C220D 281-0501-00 4.7 pf Cer 500V +1 pF 
C225 281-0099-00 1.3-5.4 pf Air Var 
(301 283-0001-00 0.005 µ,f Cer 500V 
C303 283-0059-00 1 µ,f Cer 25V +80%-20% 
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Electrical Parts list-Type 3A8 

Capacitors (Cont'd} 

Tektronix 
Ckt. No. Part No. Description 5/N Range 

C305 283-0059-00 l µ.F Cer 25V +80%-20% 
C320 283-0003-00 0.01 µ.F Cer 150 V 
C334 281-0529-00 1.5 pF Cer SOOY +0.25 pF 
C335 283-0003-00 0.01 µ.F Cer 150 V 
C346 283-0003-00 0.01 µ.F Cer 150V 

C416 283-0003-00 0.01 µ.F Cer 150V 
C420 283-0003-00 0.01 µ.F Cer 150 V 
C434 281-0529-00 1.5 pF Cer SOOY +0.25 pF 
C442 281-0547-00 2.7 pF Cer SOOY 10% 
C472 283-0003-00 0.01 µ.F Cer 150 V 

C474 281-0501-00 4.7 pF Cer SOOY +l pF 
C494 283-0079-00 0.01 µ.F Cer 250V 
C495 283-0003-00 0.01 µ.F Cer 150V 
C496 283-0092-00 0.03 µ.F Cer 200V +80%-20% 

Diodes 

D303 *152-0165-00 Silicon Selected from l N3579 
D305 *152-0165-00 Silicon Selected from l N3579 

Connect.ors 

Jl (2) 131-01 06-00 Connector, chassis mtd, coaxial, l contact, female 
Jl80 (2) 131-01 06-00 Connector, chassis mtd, coaxial, l contact, female 
J200 131-0106-00 Connector, chassis mtd, coaxial, l contact, female 

Relay 

K360 148-0027-00 12 Vdc 

Inductors 

L334 *114-0195-00 37-115µ.H Var core 27 6-0511-00 
L340 *l 08-0360-00 46 µ.H 
L342 *l 08-0361-00 50 µ.H 
L344 *114-0196-00 150-215 µ.H Var core 27 6-0540-00 
L434 *114-0195-00 37-115µ.H Var core 27 6-0511-00 

L440 *l 08-0360-00 46 µ.H 
L442 *l 08-0361-00 50 µ.H 
L444 *114-0196-00 150-215 µ.H Var core 27 6-0540-00 

Transistors 

Q324 *151-0108-00 Replaceable by 2N2501 
Q334 151-0184-00 SM7744 
Q354 *151-0108-00 Replaceable by 2N2501 
Q424 *151-0108-00 Replaceable by 2N2501 
Q434 151-0184-00 SM7744 
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Electrical Parts list-Type 3A8 

Transistors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

Q454 *151-0108-00 Replaceable by 2N2501 
Q468 *151-0103-00 Replaceable by 2N2219 

Resistors 

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

Rl 323-0481-00 l Mn ½W Pree 1% 
R3 323-0452-00 499kn ½W Pree 1% 
RS 323-0414-00 200kn ½W Pree 1% 
R7 323-0385-00 100 kn ½W Pree 1% 
R9 323-0289-00 10 kn ½W Pree 1% 

RlO 323-0481-00 1 Mn ½W Pree 1% 
R13 323-0452-00 499kn ½W Pree 1% 
R15 323-0414-00 200kn ½W Pree 1% 
R17 323-0385-00 lO0kn ½W Pree 1% 
R19 323-0289-00 10 kn ½W Pree 1% 

R21 315-0470-00 47n ¼W 5% 100-419X 
R30 315-0105-00 l Mn ¼W 5% 
R35 (2) 315-0105-00 1 Mn ¼W 5% 
R38 (2) 315-0103-00 lOkn ¼W 5% 
R40 (2) 315-0104-00 lO0kn 1/,,.W 5% 

R192(2) 311-0444-00 sn Var 
R201 315-0105-00 l Mn ¼W 5% 
R208C 322-0624-00 990kn l/,4W Pree 1% 
R208E 321-0614-00 10.l kn 1/a w Pree 1% 
R210C 322-0621-00 900kn l/,1,W Pree 1% 

R210E 321-0617-00 111 kn 1/aW Pree ½% 
R218C 322-0620-00 800kn ¼W Pree 1% 
R218E 321-0618-00 250kn 1/aW Pree 1% 
R220C 322-0643-00 600kn ¼W Pree 1% 
R220E 322-0644-00 666.6 kn ¼W Pree 1% 

R215 317-0270-00 27n 1/l0W 5% 
R225 323-0481-00 l Mn ½W Pree 1% 
R301 301-0105-00 1 Mn ½W 5% 
R303 315-0621-00 6200 ¼W 5% 
R305 315-0124-00 120 kn ¼W 5% 

R306 315-0123-00 12 kn ¼W 5% 
R308 315-0332-00 3.3 kn ¼W 5% 
R320 322-0414-00 200kn ¼W Pree 1% 
R324 321-0227-00 2.26 kn 1/aW Pree 1% 
R326 321-0209-00 1.47 kn 1/aW Pree 1% 

R332 311-0310-00 Skn Var (Selected) 
R334 323-0245-00 3.48 kn ½W Pree 1% 
R335 308-0301-00 lOkn 3W WW 1% 
R337 311-0169-00 1000 Var 
R339 321-0060-00 41.2 n 1/aW Pree 1% 
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Resistors (Cont'd) 

Tektronix 
Ckt. No. Part No. Description S/N Range 

R340 315-0162-00 1.6 kn ¼W 5% 
R344 *310-0625-00 3.5 kn SW Pree 1% 
R346 308-0253-00 1.32 kn 3W WW 5% 
R348 315-0470-00 470 ¼W 5% 
R354 322-0123-00 1870 ¼W Pree 1% 

R356 323-017 4-00 6340 ½W Pree 1% 
R403 315-0470-00 470 ¼W 5% 
R408 315-0332-00 3.3 kn ¼W 5% 
R409 321-0452-00 499 kn 1/s W Pree 1% 
R410 311-0465-00 lO0kn Var 

R412 321-0437-00 348 kn 1/sW Pree 1% 
R414 311-0467-00 100 kn Var 
R416 321-0280-00 8.06 kn 1/s W Pree 1% 
R417 321-0394-00 124 kn 1/sW Pree 1% 
R418 321-0407-00 169 kn 1/sW Pree 1% 

R420 322-0414-00 200kn ¼W Pree 1% 
R424 321-0227-00 2.26 kn 1/sW Pree 1% 
R434 323-0245-00 3.48 kn ½W Pree 1% 
R437 311-0565-00 2150 Var 
R440 315-0162-00 1.6 kn ¼W 5% 

R444 *310-0625-00 3.50 SW Pree 1% 
R448 315-0470-00 470 ¼W 5% 
R454 322-0123-00 1870 ¼W Pree 1% 
R456 323-017 4-00 6340 ½W Pree 1% 
R464 323-0163-00 4870 ½W Pree 1% 

R468 323-0163-00 4870 ½W Pree 1% 
R470 321-0327-00 24.9 kn 1/sW Pree 1% 
R472 321-0452-00 499 kn 1/sW Pree 1% 
R474 322-0481-00 lMn ¼W Pree 1% 
R478 321-0451-00 487kn 1/s W Pree 1% 

R480 311-0465-00 100 kn Var 
R482 315-0470-00 470 ¼W 5% 
R486 301-0104-00 l00kn ½W 5% 
R488 315-0470-00 470 ¼W 5% 
R490 301-0433-00 43 kn ½W 5% 

R491 301-0433-00 43 kn ½W 5% 
R494 315-0101-00 1000 ¼W 5% 
R496 315-0470-00 470 ¼W 5% 
R498 308-0106-00 1 kn 5W WW 5% 
R500 308-0298-00 5600 3W WW 5% 

R501 301-0301-00 3000 ½W 5% 
R502 308-0298-00 5600 3W WW 5% 
R511 308-0291-00 2 kn 3W WW 5% 
R512 308-0298-00 5600 3W WW 5% 
R520 308-0281-00 1.8 kn 3W WW 5% 
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Switches 

Tektronix 
Ckt. No. Part No. Description S/N Range 

Unwired Wired 
SWl0A 260-0734-00 *262-0739-00 Rotary Z; 
SWl0B 260-0734-00 *262-0739-00 Rotary zf 
SW30 (2) 260-0642-00 Toggle + GRID SEL 

SW40 (2) 260-0732-00 Lever ADJUST NORM 
LF REJ 

SW200 260-0730-00 Lever EXT 1 2 

SW205 260-0600-00 Lever AC GND DC 
SW210 260-0733-00 Use *262-0740-01 Rotary VOLTS/DIV 
SW350 260-0731-00 Lever NORM INVERT 

Electron Tubes 

V303 154-0413-00 8416 l 00-319 
V303 *157-0116-00 8416 Checked 320-up 
V344 154-0497-00 6KV8 
V444 154-0497-00 6KV8 

OPERATIONAL AMPLIFIER CARDS (2) 

Tektronix 
Ckt. No. Part No. Description Model No. 

*670-0087-00 Complete Card 

Capacitors 

Tolerance +20% unless otherwise indicated. 

C70 283-0003-00 0.01 p,F Cer 150 V 
C72 283-0003-00 0.01 p,F Cer 150Y 
C90 283-0003-00 0.01 p,F Cer 150 V 
C114 283-0003-00 0.01 p,F Cer 150 Y 
C120 283-0003-00 0.01 p,F Cer 150 Y 

C134 283-0003-00 0.01 p,F Cer 150 V 
C141 281-0630-00 390 pF Cer SOOY 5% 
C143 283-0079-00 0.01 p,F Cer 250V 
C145 281-0552-00 25 pF Cer SOOY 
C158 283-0003-00 0.01 p,F Cer 150Y 

C163 281-0543-00 270 pF Cer SOOY 10% 
C174 283-0003-00 0.01 p,F Cer 150 Y 

Diodes 

D52 *152-0165-00 Silicon Selected from 1 N3579 
D82 *152-0165-00 Silicon Selected from 1 N3579 
D143 *152-0107-00 Silicon Replaceable by 1 N647 
D145 *151-0165-00 Silicon Selected from 1 N3579 
D163 152-0141-00 Silicon 1N3605 

Inductors 

L90 276-0507-00 Core, Ferramic Suppressor 
L165 Use *120-0402-00 Toroid, 3 turns single 
L178 Use *120-0402-00 Toroid, 3 turns single 
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Operational Amplifier Cards 12) (Cont'd} 

Transistors 

Tektronix 
Ckt. No. Part No. Description Model No. 

Q78 152-0184-00 SM7744 
Q93 151-0184-00 SM7744 
Ql04 *151-0133-00 Selected from 2N3251 
Q114 *151-0108-00 Replaceable by 2N2501 
Q124 151-0184-00 SM7744 

Ql34 *151-0133-00 Selected from 2N3251 
Ql58 *151-0134-00 Replaceable by 2N2905 
Ql63 *151-0121-00 Selected from 2N31 l 8 
Ql78 *151-0150-00 2N3440 

Resistors 

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

R52 315-0470-00 470 ¼W 5% 
R54 322-0306-00 15kn ½W Pree 1% 
R58 317-0107-00 l00Mn 1/sW 
R60 311-0462-00 1 kn Var 
R62 311-0462-00 1 kn Var 
R64 315-0391-00 3900 ¼W 5% 

R68 317-0107-00 l0OMO 1/aW 5% 
R70 315-0104-00 lO0kO ¼W 5% 
R72 321-0370-00 69.8 kn 1/sW Pree 1% 
R74 321-0335-00 30.l kn 1/sW Pree 1% 
R78 323-0313-00 17.8 kn ½W Pree 1% 

R82 315-0470-00 470 ¼W 5% 
R90 321-0355-00 48.7 kn 1/aW Pree 1% 
R93 321-037 4-00 76.8 kn 1/sW Pree 1% 
Rl04 321-0431-00 301 kn 1/sW Pree 1% 
Rl14 321-0384-00 97.6 kn 1/a W Pree 1% 

Rl 16 321-0403-00 154kn 1/sW Pree 1% 
Rl20 321-0354-00 47.5 kn 1/sW Pree 1% 
Rl24 322-0361-00 56.2 kn 1/,,.W Pree 1% 
Rl30 321-0393-00 121 kn 1/sW Pree 1 01,, 
Rl34 321-0389-00 ll0kO 1/sW Pree 1% 

Rl36 321-0419-00 226kn 1/sW Pree 1% 
Rl40 315-0330-00 330 ¼W 5% 
Rl41 315-0331-00 330n ¼W 5% 
Rl43 305-0333-00 33 kn 2W 5% 
Rl47 323-0367-00 64.9 kn ½W Pree 1% 

Rl48 323-0367-00 64.9 kn ½W Pree 1% 
Rl58 323-0355-00 48.7 kn ½W Pree 1% 
Rl59 321-0304-00 14.3 kn 1/s W Pree 1% 
Rl63 308-0390-00 4.8 kn 3W WW 5% 
Rl74 321-0308-00 15.8 kn 1/sW Pree 1% 

8-6 ®! 



Tektronix 
Ckt. No. Part No. 

R175 321-0371-00 
R178 308-0391-00 
R190 305-0433-00 
R194 308-0388-00 

V54 *157-0110-00 V84 
V143 154-0323-00 

Operational Amplifier Cards (2) (Cont'd) 

Resistors (Cont'd} 

Description 

71.5 kn 1/aW 
7.2 kn 3W 
43 kn 2W 
47n 3W 

Electron Tubes 

7586 Selected (1 pair) 

6CW4 

Electrical Parts list-Type 3A8 

Model No. 

Pree 1% 
WW 5% 

5% 
WW 5% 
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