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Fig. 1-1. Type 10A2A Dual-Trace Amplifier.
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Type 10A2A

SECTION 1
CHARACTERISTICS

Introduction

The Tekironix Type 10A2A Dual-Trace Amplifier plug-in
unit provides DC to 100 megahertz vertical capabilities for
the Tektronix Type 647A Oscilloscope system. The Type
10A2A contains two similar input-amplifier channels which
provide calibrated deflection factors from 0.01 to 20 volts/
centimeter. Either channel can be used independently to
produce a single-channel display, or they can be elec-
tronically switched to produce a dual-trace display. In
addition, the signals on both channels can be algebraically
added to display the sum of two signals, or the two chan-
nels can be cascaded to provide a minimum deflection
factor of one millivolt/division {uncalibrated). Each chan-
nel has separate input coupling, input step attenuator, vari-
able attenuator, variable balance, gain, position and polar-

ity controls which allow each channel to be adjusted inde-
pendently to produce the desired display.

The electrical characteristics which follow are divided
into two categories. Characteristics listed in the Perform-
ance Requirement column are checked in the Performance
Check and Calibration sections of this manual. Items listed
in the Supplemental Information column are provided for
reference use and do not directly reflect the measurement
capabilities of this instrument. The Performance Check pro-
cedure given in Section 5 of this manual provides a con-
venient method of checking the Performance Requirements
listed in this section. The following characteristics apply
over a calibration interval of 1000 hours at an ambient
temperature range of —30° C to +65° C, except as other-
wise indicated. Warm-up time for given accuracy is 20
minutes.

Characteristics

Supplemental Information

Performance Requirement

Deflection Factors

0.01 to 20 volis/centimeter in 11 calibrated
steps

Steps in 1-2-5 sequence

Variable Deflection Factor

Uncalibrated deflection factor to at least
2.5 times the VOLTS/CM switch indication.
This provides a maximum uncalibrated de-
flection factor of at least 50 volts/centi-
meter in the 20 volts/centimeter position

Attenuator Accuracy 0° C to +40°C

—30° C to +465° C

Within +1.59, Within +29, With VARIABLE control at CAL
Attenuator Accuracy Within #+29%, Within 222,
of P6047 10X Probe
Amplifier Gain Stability See Fig. 1-2
with Temperature
Bandwidth {at —3 dB point)
In Type 647A DC to 100 MHz DC to 90 MHz The associated time-base unit must have
or greater or greater compatible triggering characteristics to ob-
In Type 647 DC to 55 MHz or DC to 50 MHz tain @ stable.display at high frequencies.
greater or greater See the 11-series instruction manual.

Risetime (calculated)

Bandwidth and risetime performance are
the same with a Pé047 10X probe.

in Type 647A 3.5 nanoseconds 4.1 nanoseconds
or_less or less

In Type 647 6.4 nanoseconds 7 nanoseconds
or_less or_less

Low-Frequency Limit with
AC Coupling {—3 dB point}

Approximately 1.6Hz (0.16 Hz with 10X
probe).

Input RC Characteristics

1 megohm paralleled by 20 pF in AC and
DC positions of Input Coupling switches.
Input RC characteristics with P6047 102X
Probe are 10 megohm paralleled by 10 pF.

Maximum Input Voltage

600 volts DC + peak AC (1 kHz or [ess).
Peak-to-peak AC not to exceed 600V

Input Coupling Modes

AC or DC, selected by front-panel switch. |Input impedance remains one megohm in
Input signal is internally disconnected and |GND position
input circuit grounded in GND position
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Fig. 1-2, Gain Stability with temperature of Type 10A2A and Type 647A.

Characteristics

Performance Requirement

Supplemental Information

Vertical Display Modes

Channel 1 only

Channel 2 only

Dual-trace, alternate between channels
Dual-trace, chopped between channels
Added algebraically

DC Drift with Time
Long term

0.5 centimeter or less/hour at 25° C

Short term

0.2 centimeter or less/minute at 25° C

DC Drift with Temperature

0.05 centimeter or less/degree C

Trace Shift Due to Input Grid

0.2 division or less at .01 VOLTS/CM

Equal to two nanoamps or less (adjustable

Current to zero)
Inter-Channel Isolation
Attenuator 10,000:1 or greater, DC to 25 MHz
Amplifier 200:1 or greater, DC to 25 MHz For CH 1T or CH 2 modes

Common-Mode Rejection Ratio

20:1 or greater, DC to 50 MHz, for com-
mon-mode signals less than 10 divisions
in amplitude

With optimum GAIN adjustment at low
frequencies. Measured at .01 volts/centi-
meter at 25° C

Linear Dynamic Range in Added
Mode

+12 times, or greater the VOLTS/CM
switch setting for 5% or less distortion

Chopped Repetition Rate

1 MHz, =15%

Polarity Inversion

Displayed signal from either channel can
be inverted

Channel 2 Output
Amplitude

100 millivolts or greater/centimeter of CRT
display, unterminated

Bandwidth {at —3 dB point)

DC to 30 MHz or greater when cascaded
with Channel 1

Using eight-inch BNC cable
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Characteristics

Performance Requirement

Supplemental Information

DC level

Internally adjustable to zero volts

Output coupling

DC coupled

Output resistance

Approximately 100 ohms

Trigger Signal for Internal Trigger-

ing
Trigger selection

From displayed channel(s) or from Chan-
nel 2 only

Signal amplitude

Approximately 0.2 volt/centimeter of CRT
display in NORM position of TRIGGER
switch

Risetime

NORM: Typically 4 nanoseconds
CH 2 ONLY: Typically 7 nanoseconds

The following environmental test limits apply when tested
in accordance with the recommended test procedure, This

instrument will meet the electrical

ENVIRONMENTAL CHARACTERISTICS

performance requirements

given in this section following environmental test. Complete

details on environmental test procedures, including failure,
criteria, etc, may be obtained from Tektronix, Inc. Con-
tact your local Tektronix Field Office or representative.

Temperature
Operating —30° C to +65° C
Non-operating —55°C to +75°C
Altitude
Operating 15,000 feet maximum Derate maximum operating temperature

by 1° C/1000 feet change in altitude
above 5000 feet

Non-operating

50,000 feet maximum

May be tested during non-operating tem-
perature test

Humidity
Non-operating

Five cycles (120 hours) of Mil-5td-202C,
Method 1068

Exclude freezing and vibration

Vibration
Operating and
non-operating

15 minutes vibration along each of the
three major axes at a total displacement
of 0.025-inch peak to peak {4g at 55c/s)
from 10-55-10 c/s in one-minute cycles.
Hold at 55 c/s for three minutes on each
axis

Instrument secured to vibration platform
during test. Total vibration time, about 55
minutes

Shock
Operating and non-operating

Two shocks of 20 g, one-half sine, 11 milli-
second duration each direction along each
major axis

Guillotine-type shocks. Total of 12 shocks

Transportation

Package vibration

Meets National Safe Transit type of test
when packaged as shipped from Tektronix,
Inc.

One hour vibration slightly in excess of 1g

Package should just leave vibration surface

Package drop

30-inch drop on any corner, edge or flat
surface

MECHANICAL CHARACTERISTICS

Characteristic Information Characteristic Information
Construchi Dimensions Fits 10-series plug-in compartments
onstruction of Tektronix 647-series Oscilloscopes
Chassis Aluminum alloy Connectors BNC
Weight (without Approximately five pounds
Panel Aluminum alloy with anodized finish accessories)
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Type 10A2A

SECTION 2
OPERATING INSTRUCTIONS

General

The Type 10A2A operates with the indicator oscilloscope
and an 11-series time-base unit to form a complete oscillo-
scope system. To effectively use the Type 10A2A, the opera-
tion and capabilities of the instrument should be known.
This section describes the operation of the front-panel con-
trols and connectors, gives first time and general operating
information and lists some basic applications for this instru-
ment.

Installation

The Type 10A2A is designed to operate in the vertical
plug-in compartment of Tekironix 6é47-series Oscilloscopes.
The Type 10A2A will not operate correctly if installed in the
horizontal plug-in compartment. To install the Type 10A2A
into the plug-in compartment, push it in as far as possible
so it is seated against the front panel of the indicator oscil-
loscope. To remove the plug-in, pull the release bar. Grasp
the plug-in behind the front panel and pull it partially out
of the compartment. Then take hold of the plug-in by the
support rods to remove it from the oscilloscope.

Even though the vertical gain of the indicator oscillo-
scope is standardized to minimize adjustment when insert-
ing plug-ins, the gain of the Type 10A2A should be checked
when it is inserted into the indicator oscilloscope to verify
measurement accuracy. The adjustment procedure is given
under Vertical Gain Adjustment in this section.

FRONT-PANEL CONTROLS AND CONNECTORS

Introduction

All controls and connectors required for the operation of
the Type 10A2A are located on the front panel of the unit
(see Fig. 2-1). To make full use of the capabilities of this
instrument, the operator should be familiar with the func-
tion and use of each of these controls and connectors. A
brief description of the function or operation of the front-
panel controls and connectors follows. More detailed infor-
mation is given under General Operating Information.

Channel 1 and 2

INPUT Input connector for vertical deflection sig-
nal.

Input Coupling  Selects method of coupling input signal to
(AC GND DC) Input Amplifier.

AC:  DC component of input signal is

blocked. Low frequency limit (—3
dB point) is about 1.6 hertz.

®

GND: Input circuit is grounded (does not
ground applied signal). Input im-
pedance remains one megohm.

DC:  All components of the input signal
are connected to the Input Ampli-

fier.

VAR BAL Screwdriver adjustment to balance the
Input Amplifier so there is no vertical shift
of the trace as he VARIABLE control is
rotated (with no signal applied).

GAIN Screwdriver adjustment to set gain of the
channel.

VOLTS/CM Selects vertical deflection factor (VARI-
ABLE control must be in CAL position for
indicated deflection factor).

VARIABLE Provides continuously variable deflection
factor to at least 2.5 times setting of
VOLTS/CM switch,

UNCAL Light indicates when the VARIABLE con-
trol is not in the CAL position.

POSITION Controls vertical position of trace.

INVERT Switch which inverts the displayed signal
when pulled out.

CH 2 OUTPUT  Qutput connector providing a sample of

(Channel 2 the signal applied to the CH 2 INPUT con-
only) nector.

Trigger and Mode Controls

TRIGGER Selects source of internal triggering sig-

nal.

NORM: Trigger signal obtained from

displayed channelfs).

CH 2 ONLY: Trigger signal obtained from
Channel 2.

MODE Selects the vertical mode of operation.

CH 1: Signal applied to the CH T INPUT
connector is displayed.

CH 2. Signal applied to the CH 2 INPUT
connector is displayed.

ALT:  Dual-trace display of signal ap-

plied to both channels. Display
switched at end of each sweep.
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Fig. 2-1. Front-panel controls and connectors of the Type 10A2A
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CHOP: Dual-trace display of signal ap-
plied to both channels. Display
switched between channels at a
repetition rate of about one meg-
ahertz.

ADD:  Signals applied Channel 1 and 2
are algebraically added and the
algebraic sum is displayed on the
CRT.

FIRST-TIME OPERATION

General

The following steps demonstrate the basic function of the
controls and connectors of the Type 10A2A and also dem-
onstrate the basic operation of this unit. It is recommended
that this procedure be followed completely for familiariza-
tion with the instrument. Operation of the indicator oscillo-
scope and time-base unit is described in the instruction
manuals for these units. The first 12 steps of this procedure
describe the method of setting up the system for correct
amplitude measurements. These steps may be used to set
up the unit when it is installed in an oscilloscope to insure
dccurate measurements.

Setup Information

1. With the indicator oscilloscope power turned off,
insert the Type 10A2A into the vertical plug-in compart-
ment.

2. Insert an 11-series time-base unit into the right plug-in
compartment.

3. Set the oscilloscope intensity control counterclockwise.

4. Connect the oscilloscope to a power source which
meets its voltage and frequency requirements.

5. Turn on the oscilloscope power switch and allow about
five minutes warm up.

6. Set the front-panel controls as follows:

Type 10A2A (both channels if applicable)

Input Coupling GND
VOLTS/CM .01
VARIABLE CAL
POSITION Midrange
INVERT Pushed in
TRIGGER NORM
MODE CH 1

Time-Base Unit

Trigger Mode Auto
Trigger Source Int
Trigger Coupling AC
Trigger Slope +

Trigger Level Midrange

Operating Instructions—Type 10A2A

Time/Centimeter 1 millisecond
Variable Calib
Magnifier Off

Indicator Oscilloscope

Intensity Adjust for visible display

Focus Adjust for optimum
display

Astigmatism Adjust for optimum
display

Scale illum As desired

Calibrator 50 millivolts

Horiz Position Midrange

7. Move the trace to the graticule centerline with the CH
1 POSITION control.

8. Rotate the CH 1 VARIABLE control throughout its
range. If the vertical position of the trace changes, see
Variable Balance in this section for the balancing pro-
cedure. Return the CH 1 VARIABLE control to CAL.

9. Set the MODE switch to CH 2. Rotate the CH 2 VARI-
ABLE control throughout its range. If the vertical position
of the trace changes, see Variable Balance in this section.

10. Connect the indicator oscilloscope calibrator output
connector to both the CH 1 and CH 2 INPUT connectors
using six-inch and 18-inch BNC-to-BNC patch cords. Set
both Input Coupling switches to AC.

11. Center the display with the CH 2 POSITION control.
The display is a square wave, five divisions in amplitude
with about five cycles displayed on the screen. If the dis-
play is not five divisions in amplitude, see Vertical Gain
Adjustment in this section.

12. Set the MODE switch to CH 1. Center the display
with the CH 1 POSITION control. Check the display for
five divisions of deflection. If the display is not five divi-
sions, see Yertical Gain Adjustment in this section.

Input Coupling

13. Set the CH 1 Input Coupling switch to GND and
position the trace to coincide with the graticule centerline.

14. Set the CH 1 Input Coupling switch to DC. Note
that the baseline of the waveform remains at the horizontal
centerline (ground reference).

15. Set the CH 1 Input Coupling switch to AC. Note that
the waveform is centered about the horizontal centerline.

Variable Volts/Centimeter

16. Turn the CH 1 VARIABLE control throughout its range.
Note that the UNCAL light comes on when the VARIABLE
control is moved from the CAL position (fully clockwise).
The deflection should be reduced to about two divisions
in the fully counterclockwise postion. Return the CH 1
VARIABLE control to CAL.

17. Set the MODE switch to CH 2. The CH 2 Input Cou-
pling switch and VARIABLE control operate as described
in steps 13 through 16.
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Dual-Trace Operation
18. Set both VOLTS/CM switches to .02.

19. Set the MODE switch to ALT and position the Chan-
nel 1 waveform to the top half of the graticule area and
the Channel 2 waveform to the bottom half of the graticule
area. Turn the time-base time/centimeter switch through-
out its range. Note that the display alternates between
channels at all sweep rates.

20. Set the MODE switch to CHOP and the time-base
time/centimeter switch to 2 microseconds. Note the switch-
ing between channels as shown by the segmented trace.
Set the TRIGGER switch to CH 2 ONLY; the trace should
appear more solid. Turn the time-base time/centimeter
switch throughout its range. A dual-trace display is pre-
sented at all sweep rates, but unlike ALT, both channels
are displayed on each sweep on a time-sharing basis. Set
the time-base time/centimeter switch to 0.5 milliseconds.

Added Mode Operation

21. Set the MODE switch to ADD. The display should
be five divisions in amplitude. Note that either POSITION
control moves the display.

22. Pull the CH 2 INVERT switch. The display is a straight
line (if the Channel 1 and Channel 2 gain are set correctly)
indicating that the algebraic sum of the two signals is zero.

23. Set either VOLTS/CM switch to .05. The square-wave
display indicates that the algebraic sum of the two signals
is no longer zero.

24. This completes the basic operating procedure for the
Type 10A2A. Instrument operation not explained here, or
operations which need further explanation are discussed
under General Operating Information.

CONTROL SETUP CHART

Fig. 2-2 shows the front-panel of the Type 10A2A. This
chart can be reproduced and used as a test-setup record
for special measurements, applications or procedures, or
it may be used as a training aid for familiarization with
this instrument.

GENERAL OPERATING INFORMATION

Vertical Channel Selection

Either of the input channels can be used for single-trace
displays. Apply the signal to the desired INPUT connector
and set the MODE switch to display the channel used. For
dual-trace displays, connect the signals to both INPUT
connectors and set the MODE switch to CHOP or ALT.

Variable Balance

To check the variable balance of either channel, set the
Input Coupling switch to GND and the VOLTS/CM switch
to .01. Set the time-base triggering controls to produce a
free-running trace and set the MODE switch to display the
desired channel. Rotate the VARIABLE control throughout
its range. If the frace moves vertically, adjust the front-
panel VAR BAL adjustment for minimum trace shift as the
VARIABLE control is rotated throughout its range.

2-4

Vertical Gain Adjustment

To check the gain of either channel, set the VOLTS/CM
switch to .01 and connect a 50-millivolt calibrator signal to
the INPUT connector of the channel used. The vertical
deflection should be exactly five divisions. If not, adjust
the front-panel GAIN adjustment for exactly five divisions
of deflection.

NOTE

If the gain of the two channels must be closely
matched (such as for ADD mode operation), the
adjustment procedure given in the Calibration sec-
tion should be used.

The best measurement accuracy with probes is provided
if the GAIN adjustment is made using the probe. Also;
to provide the most accurate measurements, calibrate the
vertical gain of the Type 10A2A at the temperature at which
the measurement is to be made. This is particularly impor-
tant at temperatures below 0° C (see Fig. 1-2). The tem-
perature stability of the é47-series voltage calibrator (see
647-series Instruction Manual} is considerably better than
that of the Type 10A2A/647-series vertical amplifier com-
bination.

Signal Connections

In general, probes offer the most convenient means of
connecting a signal to the input of the Type 10A2A. Tek-
tronix probes are shielded to prevent pickup of electro-
static interference. A 10X attenuator probe offers a high
input impedance and allows the circuit under test to per-
form very close to normal operating conditions; however,
a 10X probe also attenuates the input signal 10 times. The
Tektronix Pé045 Field Effect Transistor probe offers a high
input impedance (10 megohms) paralleled by low input
capacitance (about four picofarads). It also provides wide-
band operation without signal attenuation. To cbtain maxi-
mum bandwidth when using the probes, observe the ground-
ing considerations given in the probe manual. The probe-
to-connector adapters and the bayonet-ground tip provide
the best frequency response. Remember that a ground strap
only o few inches in length can produce several percent
of ringing when operating at the higher frequency limit
of this system. Fig. 2-3 illustrates the usable frequency
range {(—3 dB) of various Tektronix probes when used with
the Type 10A2A. Only a few of the available probes are
shown in this chart. See your Tektronix, Inc. catalog for
characteristics and compatibility of other probes for this
system.

Some applications may permit circuit loading with a low
impedance such as 50 ohms. Full bandwidth measurements
without signal attenuation are possible with high-quality
coaxial cables. See the discussion on coaxial cables in this
section for more information.

High-level, low-frequency signals can be connected direct-
ly to the Type 10A2A INPUT connectors with short unshield-
ed leads or with a non-attenuating {1X) passive probe. This
coupling method works best for signals below about one
kilohertz and deflection factors above one volt/division.
When this method is used, establish a common ground
between the Type 10A2A and the equipment under test.
Attempt to position the leads away from any source of

®
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Fig. 2-2. Control setup chart for the Type 10A2A.
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