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Type 1A6

SECTION 1

CHARACTERISTICS

Introduction

The Type 1A6 Differential Amplifier is designed for use

with 530, -540, -550, -580' Series oscilloscopes. The Type

1A6 features simplified common-mode signal range and

deflection factor selection. The bandwidth is constant for

all deflection factor ranges. Each input provides AC, ground

and DC coupling with GND between the AC and DC posi-

tions to allow the coupling capacitor to be charged before

switching to AC.

This instrument will perform to specifications in laboratory

environment with ambient temperature range from 0° C to

50° C except as indicated. Warm-up time for rated accu-

racies at 25°C +5°C is 30 minutes.

MECHANICAL FEATURES

Aluminum alloy chassis. Glass laminate

circuit board assembly. Anodized front

panel.

Construction

Standard accessories supplied with the instrument are

listed at the end of the Mechanical Parts List section. For

optional accessories see Tektronix, Inc. catalog.

ELECTRICAL CHARACTERISTICS

Characteristic Performance Requirement Supplemental Information

Bandwidth ,
DC Coupled DC to >2MHz (at —3dB point) Equivalent to a risetime of 175 ns or less.

AC Coupled <2Hz to >2MHz (at —3 dB point)

Transient Response <+2% aberration

Input Cross Neutralization <3% aberration for normal amplitude Adjustable to within 1%. Measured

when driven grid is DC coupled and

input coupling switch for the undriven

grid is set from GND to DC. Aberration

on the display is expressed as a percent

of the original display amplitude.

DC Drift <200 V per degree C

VOLTS/CM

Range 1 mV/CM to 50V/Cm in 15 calibrated
steps, in 1, 2, 5 sequence.

Accuracy

I mV to 50 mV +1.5% At ambient temperature of +25° C

0.1 V to 50V 12.5% #5°C. a
VARIABLE Provides continuous variable attenuation of the

input signal by a factor of at least 2.5:1.

Gain Variation (Thermal)

1 mV¥/CM to 50mV/Cm <0.5% at +25° C +10° C

<+1% at +25° C +25° C

V/Cm to 50V/Cm <+1% at +25° C 410° C

<+1.5% at +25° C +25° C

Common Mode Signal Range

TmV/Cm to 50 mV/Cm > -t15V (combined DC + peak AC)

10mV/Cm to 0.5V/Cm > +150V [combined DC + peak AC)

0.1 V/Cm to 50V/Cm > -£500V (combined DC + peak AC)

Common Mode Rejection

Ratio (CMRR)

DC Coupled

1 mV/Cm to 50 mV/Cm 2 10,000:1 (DC to 100 kHz}

0.1 V/Cm to 50¥/Cm Adjustable to >1000:1 (DC to 100 kHz)

AC Coupled

TmV/Cm to 50mV/Cm >2000:1 (at 60 Hz)

0.1 V/Cm to 50V/Cm Adjustable to >1000:1 (at 60 Hz)

‘Type 81 or Type 81A Plug-In Adapter

@i

is required with the Type 580 Series oscilloscope.
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Characteristics—Type 1A6

ELECTRICAL CHARACTERISTICS (cont)

Characteristic Performance Requirement Supplemental Information

“Maximum Input Voltage at 1 kHz
DC Coupled

1 mV/CM to 50 mV/CM 200 volts DC + peak AC between inputs,

or either input and ground

0.1 V/CM to 50V/CM +600 volts DC + peak AC at either
input

AC Coupled

TmV/CM to 50mV

1 mV/CM (using precharge}

TmV/CM (not precharged)| _

200 volts AC, peak to peak, differential

or common mode

+600 volts DC -+ peak AC at either

input. AC not to exceed 200 volts peak

fo peak

200 velts DC + peak AC between inputs,
or either input and ground

0.7 V/CM to 50V/CM +600 volts DC + peak AC ateither
input

Overload Indicator Neon lights when >+50V (referenced to

ground} is applied to either or both inputs.

Does not light with <20V applied.

With no internal or external attenuation.

Input Chara cteristic Input resistance of 1 MQ 0.75% paralleled

by 33 pF +3%.

Input C adjusted to combine with R for a
time constant of 33 ps.



SECTION 2

OPERATING INSTRUCTIONS

Introduction

An oscilloscope with a differential amplifier is a device

that amplifies and displays a voltage difference that exists

at every instant between signals applied to its two input

channels, The following conclusions can be drawn from

this definition when two signals are applied to the input of

a differential amplifier.

1. If the two signals are in phase and of equal amplitude

(hereafter called common-mode} the output will be zero

(limited by the common-mode rejection ratio).

2. If the two signals are in phase but of different ampli-

tude the output will equal the amplitude difference. See

Fig. 2-1.

3. If the two signals are out of phase and of equal ampli-

tude, the output will be the vector difference between the

two signals. See Fig. 2-2.

4, If the two signals are out of phase and of different

amplitude the output signal is a complex quantity derived

from both amplitude and phase differences. See Fig. 2-3.

This section describes differential amplifier characteristics

such as common mode. rejection, dynamic and frequency

range, basic measurement technique and general informa-

tion on the Type 1A6. The Type 1A6 information covers

the function of each control and first time operational

procedure with some typical differential measurements.

Common-Mode Rejection

The definition of the term ‘differential amplifier’ implies a

rejection of equal amplitude, coincident signals. This impli-

cation is correct. However, the degree of rejection depends

primarily on the symmetry of the amplifier inputs. The

amount of difference signal from a particular amplifier is

documented with a mathematical relationship that is called

the common-mode rejection ratio (CMRR). This ratio and

associated terms are defined as follows:

Common-Mode: Refers to signals that are identical with

respect to both amplitude and time.

Common-Mode Rejection: The ability of a differential

amplifier to reject common-mode signals.

Common-Mode Rejection Ratio (CMRR}: The ratio of the

amplitude of the comon-mode input signal to the difference

input signal which would produce the same deflection on

the CRT screen.

NOTE

Since the differential amplifier is part of an oscillo-

scope, the output signal used to calculate the

CMRR is measured from the CRT screen and volts

per centimeters switch setting. Thus, a differential

amplifier that produces a .005-volt output when

driven by 5.0 volts of common-mode signal has a

CMRR of 5/.005 or 1000:1.

Amplitude and Common-Mode Rejection

In the text to follow, the term maximum common-mode

input voltage means the maximum voltage that will not

overdrive the amplifier. This should not be confused with

the maximum non-destructive input voltage, which is related

to the breakdown limits of the amplifier components.

Factors Which Affect CMRR

Frequency: Since the common-mode output voltage is a

factor of phase difference as well as gain between channels,

the frequency of the input common-mode signal has a direct

bearing on the CMRR. Generally as the frequency of the

input signal increases the CMRR decreases. (Exception: with

AC-coupled input the CMRR can become higher as frequency

is increased within the 1 Hz to 100 Hz range}.

Source Impedance: The specified CMRR assumes that the

points being measured have identical source impedance.

The source impedance and the amplifier input impedance
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Fig. 2-1, (A) Upper signal applied to + Input and lower signal applied to — Input, (B) The resultant output signal.
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Fig. 2-2. (A) Leading signal applied to + Input and lagging signal applied to — Input. (B) The resultant output waveform display.

form an RC divider which determines the portion of the

signal that appears across the amplifier input, and the

apparent effect on CMRR. See Fig. 2-4.

Signal Transporting Leads: A principal requirement for

maximum CMRR is that the signals arrive at the two amplifier

inputs in precisely the same phase and amplitude. Slight

differences in attenuation factors, or phase shift between

two input attenuators may reduce the CMRR, 20% or more.

Attenuator probes extend the usable voltage range of a

differential amplifier by reducing the input signal level below

the maximum common-mode input voltage. However, the

probes may cause a reduction in the apparent CMRR due

to component value differences within the probes. For

example, Fig. 2-5 illustrates the change in CMRR (apparent)

due to >10 probes that are within 1, 2, and 3% of their

attenuation value.

In measurements where attenuator probes must be used

because of high voltage levels, and at the same time a high

(above 100:]) CMRR must be maintained, the Tektronix Type

P6023 Probe is recommended. This isa 10 low capacitance

probe with variable attenuator ratio that is adjustable over a

+2.5% range.

Ground Connections: Proper grounding reduces signals

generated from ground loop currents, It is best to electrically

connect the probe or signal lead shields together at the probe

body or signal source, but not to the instrument ground,

See Fig. 2-6.

Differential Amplifier Applications

In differential measurements each input of the amplifier

acts as a reference for the other and ground connections

are only used for safety reasons. (The term differential input

is synonymous with floating input), Fig. 2-7 illustrates a

typical differential measurement application.

In application such as examining a signal superimposed

on some DC level with DC coupling, an offset voltage may

be applied to the other input of the differential amplifier

to slide the signal back on the CRT screen. For example,

if a differential amplifier is set for a vertical sensitivity of

10 mV/em (trace on-screen} and a +1 volt DC voltage is

applied to input A, the trace will be deflected upward off

screen. If a +1 volt DC voltage is now applied to input B,

the trace will return on screen, or the signal slides back on-

screen as a result of the voltage (slide-back voltage) applied

to input B. The DC voltage applied to input B is in effect

common-mede with that of input A, thus both are rejected

by the amplifier.

+
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Fig 2-3. (A) Upper signal applied to + Input and lower signal applied to the — Input. (8) The resultant difference waveform seen on CRT.

2-2



Operating Instructions—Type 1A6

A, 9.90 volts

B, 9.95 volts

Differential

Amplifier

source Z

= 10k2

source Z

= 5k

B-A = .05 volts

Apparent CMRR = 200:1

equal 10.0-volt

generators

(A) =

A, 9.9990 volts

B, 9.9995 volts

Differential

Amplifier
source X

= 1002

source Z

= 500

B-A = .0005 volt

Apparent CMRR = 20,000:1

equal 10-volt

generators

Fig, 2-4. (A) Relationship of test-point source impedance to the amplifier-input impedance, and the apparent CMRR caused by large dif-

ference between test-point impedances. (B} Relationship of source impedance to amplifier input impedance and the apparent CMRR caused
by low immacdanre tact mainte
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Operating Instructions—Type 1A6

GENERAL OPERATING INFORMATION

ON THE TYPE 1A6

Function of the Front-Panel Controls

This is a brief description of the front-panel controls, input

connectors and indicating lights.

VOLTS/CM Provides 15 calibrated vertical deflection

factors in 1, 2, 5 sequence from 1 mVOLT/

CM to 50 VOLTS/CM and three dynamic

input voltage ranges (see Fig. 2-8). All

switch positions are calibrated only when

the VARIABLE control is set to CAL (detent)

position.

VARIABLE Provides continuously variable uncalibrat-

ed attenuation between the calibrated

deflection factors and extends the atten-

vation range to at least 125 volts/cm.

UNCAL A neon lamp that lights when the VARI-
ABLE control is out of the CAL detent

position.

INPUT A neon lamp that lights when the input

OVERLOAD voltage is excessive. Approximately +50

volts, connected to either or both input

connectors at deflection factors from 1 mV

to 50 mV, will cause the neon to light.

POSITION Varies the vertical position of the display.

GAIN A screwdriver adjustment that sets the

deflection factor of the amplifier to be

correct at any position of the VOLTS/CM

(with the WARIABLE control in CAL posi-

tion).

-+-INPUT Signal input connector. Positive input pro-
duces upward deflection, See Fig. 2-9.

—INPUT Signal input connector. Positive input pro-

duces downward deflection. See Fig. 2-9.

AC-GND-DC Two input selector switches for the + or
— INPUT connectors. Switch selections

are:

AC (The AC component of the signal is

coupled to the amplifier input).

DC (Both AC and DC components are

coupled to the amplifier input).

GND (Disconnects the input signal and

internally grounds the input circuit. Presents

the same load to the input signal and pro-

vides a charge path for the AC coupling

capacitor so the capacitor will charge

before switching the input to AC).

STEP ATTEN

BALANCE

An adjustment that sets the DC balance of

the amplifier. Adjusted for minimum trace

2-4

shift as the VOLTS/CM control is switched

through its range.

VARIABLE

BALANCE

A control that provides fine variable DC

balance. Adjusted for minimum trace shift

over the full range of the VARIABLE

YOLTS/CM control.

|

|

|
(Apparent)

Probe Tolerance arr
A +1% 50:1

\ B —1%o 50:1

| c +2% 25:1

| oD —2% 25:1

{ €§& +3% 16:1

| F —3% 16:1

I

I

9 meg | |

Ll

Fig. 2-5. Simplified input circuit and table ta show the change in

CMRR (apparent) due to X10 probes that are within 1, 2, and 3%

of their attenuation values (with matched 1 Meg resistors).

Signal Input Connections

Table 2-1 lists a number of methods for connecting to the

signal source with the advantages, limitations, etc. of each

to consider. Method 1 can be used to connect the instrument

to a high-level low frequency signal source, if it is monitored

at some low impedance point. It becomes increasingly

important, however, to use shielded signal cables when any

of these factors are missing. In all cases, the leads should

be kept as short as possible.

When making single-ended input measurements (conven-

tional amplifier operation) establish a common ground con-

nection between the device under test and the Type 1Aé.

Normally the shield of a coaxial cable serves this purpose.

Differential measurements require no common ground con-

nection; however, the DC plus peak AC voltages on the test

point with respect to the chassis potential of the Type 1Aé6

should be limited te the levels listed in Section 1, under

maximum common-mode input voltage characteristics. Higher

signal levels will degrade the common-mode rejection ratio

and exceed the input voltage rating of the unit.

Consider the signal source loading and the resulting

change in the source operating characteristics due to the

input circuit of the Type 1A6 and the signal cables. The

@
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Fig. 2-6, Connecting a differential amplifier across a circuit, The

ground shown in (C) is not essential to the measurement.

circuit at the input connectors can normally be represented

by a 1 MQ resistance to ground paralleled by 33 pF. A few

feet of shielded cable may increase the parallel capacitance

to 60 pF or more, which could be excessive in many situa-

tions. To minimize these effects, it may be advisable to use

an attenuator probe.

@i
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Attenuator probes not only decrease the resistance and

capacitance loading of the signal source, but also extend

the measurement range of the 1Aé. Attenuator probes and

their effect were discussed previously in this section.

signal

source

ae Lal

B

Differential

Amplifier

adjustable

BC voltage

ae

Fig. 2-7. Circuit connections for the slide-back technique described

in the text.

Input Capaciter Coupling

Connecting the amplifier input to a signal voltage beyond

the capacity of the amplifier will cause the trace to be

deflected off the screen. This can be prevented when meas-

uring some unknown DC voltage by the use of a higher

deflection factor or lower sensitivity setting when connect-

ing the amplifier input to the voltage source, then switch-

ing down to a higher sensitivity setting. To measure the

AC component of signals containing both AC and DC com-

ponents take advantage of the precharging circuit incor-

porated in the unit. This circuit will pre-charge the 0.1 uF

coupling capacitor to the DC source voltage when the AC-

GND-DC input coupling switch is set to GND position. The

procedure for using this circuit is as follows:

1. Before connecting the Type 1A6 to a signal contain-

ing a DC component, set the AC-GND-DC input coupling

switch to GND position, then connect the input to the cir-

cuit under test.

2. Wait a moment for the coupling capacitor to charge.

3. Set the input coupling switch to AC. The display will
remain on the screen and the AC component can be meas-

ured in the usual manner.

Display Polarity

Single ended signals applied to the +-INPUT connector

will produce a vertical deflection in phase with the input

signal. Signals applied to the —INPUT connector will be

inverted,

2-5
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TABLE 2-1

Signal Coupling Methods

Method of

Coupling the Accessories

Signal Advantages Limitations Required Source Loading Precautions

1. Open (unshield- | Simplicity. Subject to stray BNC to banana 1 MQ and 33 pF at | Use short leads.

ed) test leads. pickup. jack adapter (103-

0033-00). Two test

leads.

input, plus test

leads and adapter.

Position leads for

minimum stray pick-

up.

2. 1X, 1 MQ Probe. Full sensitivity,

Total Type 1Aé6/

Oscilloscope band-

width.

High capacitance

of cable.

P6028 is 1 probe

equipped with

BNC connector.

1 MQ and 75 pF. High capacitance

loading.

3. Unterminated co-

axial cable.

Full sensitivity. High capacitance

of cable.

Coaxial cable with

BNC connector(s).

1 MQ and 33 pF

plus cable capaci-

tance.

High capacitance

loading.

4. 10%, 8 MQ Probe

for P6023; 10 MQ for

others.

100, 10 MQ Probe.

1000, 10 Ma

Probe.

Reduced _ resistive

and capacitive

loading, full Type

1A6/ Oscilloscope

bandwidth. Retain

high CMRR by us-

ing two P6023

Probes for differen-

tial operation.

10% attenuation.

100 attenuation.

1000 attenua-

tion.

P6006, P6008, and

P6023 are 10X.

P6007: 100.

P6015: 1000X.

P6006: 8 pF,10

MOQ,

P6008:

10 MQ.

P6023:

10 MQ.

P6007:

MOQ.

P6015: 27 pF,

100 Ma.

7.5 pF,

212 pF,

2 pF, 10

Check probe fre-

quency compensa-

tion, Use square-

wave frequency less

than 5kHz, prefer-

ably 1 kHz,

5. Current trans-

former CT-2 and

P6041 Probe. Ter-

minated in 500 at

the Type 1A6. Band-

width that of Type

1A6/ Oscilloscope.

Current transformer

can be permanent

part of test circuit.

Less than 2.2 pF to

test circuit chassis.

Measure signal cur-

rents in transistor

circuits. Pulse cur-

rent rating: 100

amps peak,

Low frequency lim-

it: 12 kHz.

RMS current rating:

2.5 amps.

Deflection factor: 1

mV/mA.

Nothing extra (Per-

haps additional co-

axial cable for

either transformer).

Insertion Z: 0.04.0

paralleled by about

5 pH. Up to 2.2 pF

capacitance load-

ing.

Not a quick-con-

nect device.

6. P6019 or Pé020

Current Probe and

Type 134 Amplifier.

Bandwidth that of

Type 1A6/Oscillo-

scope.

Measure signal cur-

rents. AC current

saturation rating:

15 amps peak to

peak.

Low frequency lim-

it: 30 Hz.

Basic deflection

factor: 50 mV/{mA.

None. Insertion Z with

step function ap-

plied:

0.04.0 after 0.1 ys.

To preserve low-

frequency response

avoid scratching

probe current trans-

former core.

Deflection Factor

The amount of trace deflection produced by a signal is

determined by the signal amplitude, the attenuation factor

of the probe, the setting of the YVOLTS/CM switch and the

VARIABLE control position. The calibrated deflection factors

indicated by the VOLTS/CM switch apply only when the

VARIABLE control is set to the CAL detent position.

The range of the VARIABLE control is at least 2.5:1 and

provides uncalibrated deflection factors covering the full

range between the fixed settings of the VOLTS/CM switch.

The control can be set to extend the deflection factor to

at least 125 volts/cm.

Differential Operation

Differential voltage measurements are made by apply-

ing the signals to both the + and — INPUT connectors.

2-6

Both coupling switches should be set to the same pasition;

AC or DC, depending on the coupling desired. A differ-

ential amplifier amplifies only the difference voltage, the

common mode signal is rejected by an amount equal to
the CMRR. See Fig. 2-10.

The common-mode rejection ratio (CMRR) of the Type

1A6 is greater than 10,000:1 for the 1 mV to 50 mV sensi-

tivity range when signals from DC to 100kHz are DC

coupled to the inputs. Therefore, interfering signals that may

be prevalent on single-ended measurements, such as AC

line frequency hum, can be effectively rejected through dif-

ferential operation. For example: analysis ofa 1mV peak-

to-peak signal with a 1.0 ¥, 60Hz signal variation would be

impractical with single-ended operation; however, if the

60 Hz signal is common-mode to a differential input, an

amplifier sensitivity of 1 mVOLT/CM would provide 1 CM of

@
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The dark knob is VOLTS/CM. White dot on knob indicates deflection factor.

imum common mode input voltage range that can be applied for linear operation. When the dot points to the A the dark knob may be pulled
out and turned clockwise to previde three higher sensitivity settings with the higher common mode input voltage range indicated by the

is in. For example: When the +150 commen mode signal range is used with deflection factors of 50, 20 and 10shaded green band the

mVOLTS, the CMRR of the .1 to 50 VOLTS range is in effect.

Red knob is VARIABLE an

(VOLTS/CM) control. Shown

in CAL (calibrated) detent

position.

VOLTS/CM

PULL KNOB-AT A cea
10 RETAIN :

COMMON MODE

SIGNAL RANGE

Medium green band indicates

+£150-volt maximum linear input

range.

Dark green band indicates

+ 500-volt maximum linear

input range.

COMMON

a mop

EI50V F siGnaL
41sv RANGE

Short black stripe on clear plastic flange indicates the max-

INPUT OVERLOAD

Light green bond ;

indicates + 15-volt 4

maximum linear input i

range.

Fig. 2-8.

desired signal modulated by less than 1/10,000 of the 1.0 volt

60Hz signal or less than 0.1 mm of common-mode signal.

There are a number of factors which can degrade the

CMRR of the Type 1A6. The P6023 probe with its adjustable

R and C attenuation factors provides minimum probe reduc-

tion of the CMRR.

+ INPUT

o
ral

be} | RESULTING DISPLAYS
7 a | ON CRT

INPUT WAVEFORM & ih |

—INPUT | ESHER

Fig. 2-9. A signal applied to the + INPUT connector produces an

upright display, while @ signal applied to the — INPUT connector

is inverted.

P6023 Probe

The following adjustment procedure is recommended to

prepare the P6023 probes for differential measurements:

@r

Function of the VOLTS/CM and input range,

|. Connect one probe for DC-coupled single-ended input

operation. Obtain a triggered display of an appropriate

square-wave signal such as that from the oscilloscope ampli-

tude calibrator. Adjust the probe DC Atten Calibration

control for correct deflection sensitivity; then use the AC

Coarse Comp and AC Comp Fine Adjust control to com-

pensate the probe for proper square-wave response.

2. Connect a second probe for DC-coupled operation.

Apply the square-wave signal to both probes at 100 volts

peak to peak. Obtain a free-running sweep and adjust the

DC Atten Calibration contre! of the second probe for maxi-

mum low-frequency cancellation. This is indicated by the

elimination of the two-trace appearance, resulting in one

trace of minimum width.

3. Adjust the AC Coarse Comp and AC Comp Fine Adjust

controls of the second probe to minimize the amplitude of

the differentiated pulses on the trace.

4. The probes are now matched and ready for use at any

sensitivity which employs the particular input attenuator

used during steps 2 and 3. When a different input attenu-

ator is used, steps 2 and 3 should be repeated. The input

sensitivity group associated with each of the four attenuators

is listed in Table 2-2.
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