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Fig. 1-1. Type 1Al Dual-Troce Plug-In Unit.
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Type 1A1

SECTION 1
CHARACTERISTICS

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

The Type 1Al Dual-Trace Plug-In Unit contains two iden-
tical high-gain fast-rise calibrated preamplifier channels.
Either channel can be used independently to produce a
single display or electronically switched to produce dual-
trace displays. In addition, both channels can be com-
bined at the output, adding or subtracting according to
the settings of the polarity switches.

For single- or dual-trace operation, each channel has its
own input selector, attenuator, gain, polarity and position
controls so the display can be adjusted for optimum view-
ing and information.

In dual-trace operation there are two operating modes,
chopped or alternate. In the chopped mode, an internal mul-

tivibrator switches the channels at a free-running rate of
about 1 MHz. In the alternate mode, the oscilloscope time-
base generator internally switches the channel at the end
of each sweep during the retrace interval.

Each channel has a basic deflection factor of 0.005 volt/
cm. Channel 1 can be used as a 10X (uncalibrated} AC-
coupled preamplifier for Channel 2, thus extending the de-
flection factor of Channel 1 to 500 pV/cm.

The Type 1Al can be used with any of the Tektronix
530-, 540-, or 550-Series oscilloscopes. It can also be used
with the 580-Series oscilloscopes in conjunction with the Type
81 or 81A Plug-In Adapter. The Type 1Al can also be used
with other oscilloscopes and devices through the use of the
Types 127, 132, or 133 Plug-In Power Supplies.

CALIBRATED PREAMPLIFIER

Characteristic Performance Requirement Supplemental Information
Deflection Factor 5mV/cm to 20 volis/cm in 12 calibrated steps for | Steps in 1-2-5 sequence.
each channel.
Deflection Accuracy Within ==3% of indicated deflection with VARIABLE | With gain correct af 50 mV/cm.
VOLTS/CM control set to the CALIB position.
Variable Deflection Factor Uncalibrated deflection factor at least 2.5 times the
VOLTS/CM indication. This provides a maximum
uncalibrated deflection factor of 50 volts/cm in the
20 volts/cm position.
Frequency Response (not more |==500 uV/cm 5mV/cm 50 mV/em With VARIABLE VOLTS/CM con-
than —3dB): Type 1Al with |Channels 1 and trol set to CALIB.
Tektronix oscilloscopes; and 2 cascad-
ed.
544, 546, 547, 556, 581, 581A, |2Hz to 15MHz |[DC to 28 MHz |DC to 50 MHz | Using a Type 81A Plug-In Adapt-
585, or 585A er with Type 580-Series Oscillo-
scope.
581, 581A, 585 or 585A 2Hz to 14MHz |DC to 23 MHz |DC to 33MHz |Type 81 Plug-In Adapter must be
used.
541, 541A, 543, 543A, 543B, |2Hz to 14 MHz |DC fo 23MHz |DC to 33 MHz
545, 545A, or 545B
551 or 555 2Hz to 13MHz [DC to 21 MHz |DC to 27 MHz
531, 531A, 533, 533A, 535, or |2Hz to 10MHz {DC to 14MHz [DC to 15MHz
535A
536 2Hz to 8MHz |DC to 10.5MHz |DC to 11 MHz
Risetime (calculated minimum}: Using a Type 81A Plug-In Adapt-
Type 1Al with Tektronix oscillo- er with Type 580-Series Oscillo-
scopes; scope.
544, 546, 547, 556, 581, 581A, |24ns 13ns 7 ns
585, or 585A

'Calculated using this formula
.35

Risetime — ———
m *Frequency

*Use the upper bandwidth limit stated for the system.
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Characteristics—Type 1Al

CALIBRATED PREAMPLIFIER (Cont)

Characteristic

Performance Requirement

Supplemental Information

581, 581A, 585, or 585A 25 ns 16 ns 11 ns Using a Type 81 Plug-In Adapter.
541, 541A, 543, 543A, 543B, | 25ns 16 ns 11 ns

545, 545A, 545B, or 555

551 27 ns 17 ns 13 ns

531 531A, 533, 533A, 535, or | 35ns 25ns 24 ns

535A

536 44 ns 35ns 32ns

Input RC Characteristics

Typically 1 MQ (=%=1%) parallel
with approximately 15 pF.

Maximum Input Voltage

600 volts combined DC and peak
AC.

Input Coupling Modes

AC or DC, selected by front-panel switch.

GND, disconnects signal and

grounds amplifier input.

AC Low-Frequency Response

Down less than —3dB at 2Hz
direct, 0.2 Hz with 10X probe.

Vertical Display Modes

Channel 1 only.

Channel 2 only.

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

Chopped Mode Rate

Approximately 1-MHz rate to show successive 500-
ns segments of each trace.

Approximately 300-ns of each seg-
ment is visible when the CRT cath-
ode selected switch is set to
Chopped Blanking.

Common-Mode Rejection Ratio

20:1 for 1-kHz common-mode signals up to 10cm in
amplitude.

With optimum GAIN adjustment
for both channels.

Polarity Inversion

Signal on either Channel 1 or 2 can be inverted.

Trace Drift {after warm up)
VOLTS/CM at .005

Typically less than 5mV/hour.

Noise, any position of INPUT SE-
LECTOR switch

Approximately 200 pvolts internal
noise, peak to peak.

Channef 1 SIGNAL OUT

Output Signal Voltage

Gain of 10, =109

Channel 1 VOLTS/CM at .005.

Output Impedance

Approximately 50 ohms.

Output Coupling DC DC level approximately 0.45 volt,
not affected by Channel 1 POSI-
TION control.

Frequency Response (not more | DC to 35MHz. Channel 1 YOLTS/CM set to .05.

than —3dB down) DC to 24 MHz. Channel 1 VOLTS/CM set to .005.

Channel 1 TRIGGER OUT

Output Trigger Voltage

Gain of 100, #+20%.

Channel 1 VOLTS/CM set to .005.

Bandwidth

Sufficient to obtain stable triggering on a 50 MHz
waveform which is two c¢cm or more in displayed
amplitude.

With Type 544, 546, 547, or 556
Oscilloscopes only.

Output Coupling

DC

DC level —0 volt, =1 volt. Not
affected by Channel 1 POSITION

control.

Output Impedance

Approximately 5 k ohms at DC de-
creasing fo essentially 50Q at 2
MHz.
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TYPICAL FREQUENCY RESPONSE CHARACTERISTIC

(For Type 544, 546, 547 or 556 Oscilloscope/1A1 Plug-in System;
Type 1A1 VOLTS/CM switch set to .05 and VARIABLE VOLTS/CM control Set to CALIB)

10 20 30

Frequency in Megahertz

50 60 80 100 200

Fig. 1-2, Typical frequency response curve of the Type 1Al when used in conjunction with the Type 544, 546, 547 or 556 Oscilloscope.
A 25-ohm resistor source (generator 50-ohm output applied through a 50-ohm cable terminated in 50 ohms) was used to drive the Type

1A1.
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MECHANICAL CHARACTERISTICS
Characteristic Information
Construction Aluminum-alloy chassis

with three plug-in
circuit cards and two
circuit boards.

Finish Anodized front panel.

ACCESSORIES

Standard accessories supplied with this instrument will be
found on the last pull-out page of the Mechanical Parts
List. For optional accessories, see the current Tektronix, Inc.
catalog.



Type 1Al

SECTION 2
OPERATING INSTRUCTIONS

Change information, if any, affecting this section will be found at the

rear of the manual.

FUNCTIONS OF FRONT PANEL
CONTROLS AND CONNECTORS

The functions of all front-panel controls, adjustments and
connectors except the MODE switch, CH 1 SIGNAL OUT
and CH 1 TRIGGER OUT connectors are identical for both

channels.
POSITION

PULL FOR
INVERT

VARIABLE
VOLTS/CM

05V/CM GAIN

.005V/CM VAR
ATTEN BAL

VOLTS/CM

INPUT
SELECTOR

Channel 1 and
2 INPUT
Connector

MODE

Positions the trace vertically on the CRT.

Two-position switch that presents the in-
put signal in either normal or inverted
polarity.

Provides overlapping variable uncalibrat-
ed attenuation between the calibrated de-
flection factors and extends the attenua-
tion range fto about 50V/em. The con-
trol activates a switch when moved out
of the CALIB (calibrated) position to pro-
vide the overlapping coverage.

Screwdriver adjustment that sets the basic
deflection factor of the channel at 0.05
V/em.

Screwdriver adjustment for setting the am-
plifier DC levels so the trace does not
shift position under no-signal conditions as
the VARIABLE VOLTS/CM control is
turned.

Twelve-position switch to select the cali-
brated vertical-deflection factors.

Three-position switch to provide either
AC- or DC-coupled input into the ampli-
fier. A third position (GND) connects the
amplifier input to ground without ground-
ing the input signal.

Signal input connector for the channel.

Five-position switch that sets the mode of
operation as follows:

CH 1—Allows the use of Channel 1 only.

ALT—Dual-trace alternate mode of oper-
ation (triggered electronic switching be-
tween channels during the retrace inter-
val).

CHOP—Dual-trace chopped mode of op-
eration (free-running electronic switching
of channels at about a 1-MHz rate).

ADD—Permits adding the outputs of the
two channels algebraically.

CH 2—Permits the use of Channel 2 only.

CH 1 SIGNAL  Output signal from Channel 1. Permits
out patching the amplified Channel 1 signal
inta Channel 2.

CH 1 TRIGGER Trigger signal from Channel 1. Permits the
ouTt use of Channel 1 as an external trigger
source.

CAUTION

If the Type TAT1 is inserted in the upper-beam ver-
tical plug-in compartment of a modified Type 555
Oscilloscope SN 101 to 6999 or in a Type 555
SN 7000 and up when the Type 21 and 22 Time-
Base units are used instead of the Types 21A and
22A, 487V from pin 19 in the Time-Base units
is applied to pin 5 of the Type 1Al interconnect-
ing plug (see Fig. 2-1). This voltage will damage
components in the Type 1Al Trigger Amplifier
circuit and cause the circvit to be inoperative.

In addition, the 487V is a hazard because it is
also applied to the SIGNAL OUTPUT connector.
For proper Type 1Al operation, remove the
+87 V by disconnecting the white-gray wire that
goes from pin 19 in the Types 21 and 22 to the
ceramic terminal notch above V152,

(The Types 21A and 22A Time-Base units are com-
patible with the Type 1Al and therefore do not
require modification.)

FIRST-TIME OPERATION

The following procedure will help you become familiar
with the Type 1Al operation.

1. Insert the Type 1Al into the oscilloscope, tighten the
securing rod, and turn the oscilloscope power on.

2. Allow about 2 to 3 minutes warm-up time and free
run the oscilloscope sweep at 0.5 ms/cm.

3. Set the applicable Type 1A1 front-panel controls for
both channels as follows:

INPUT SELECTOR DC
YOLTS/CM .05
VARIABLE VOLTS/CM CALIB
PULL FOR INVERT IN (normal)
POSITION Centered
MODE CH1

4. Position the trace about 1 cm above the graticule cen-
terline with the Channel 1 POSITION control.

2-1
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Fig. 2-1. Partial diagrams of the plug-in connectors to show why it is necessary to modify the Type 21 and 22 Time-Base units before
inserting the Type 1Al in the Type 555 upper-beam vertical plug-in compartment,

5. Place the MODE switch to CH 2 and position the trace
1ecm below the graticule centerline with the Channel 2
POSITION control,

6. Place the MODE switch to ALT. Both Channel 1 and 2
traces should be displayed.

7. Set the oscilloscope Time/Cm switch to 50 ms. Note
that for each sweep cycle one channel is displayed and the
other is shut off. Electronic switching from one channel to
the other occurs during the retrace interval,

8. Set the MODE switch to CHOP. Notice that both traces
seem to start simultaneously and continue across the CRT.

9. Set the oscilloscope Time/Cm switch to 5 us and adjust
the oscilloscope trigger controls to obtain a stable display.
Notice that each trace is composed of many short-duration

2-2

bits or segments with visible switching transients existing
between channels (see Fig. 2-2A).

10. To see the chopped-mode switching action clearly,
increase the sweep rate to 0.2 us/cm. Notice that Channel
1 is on for about 0.5 us while Channel 2 is off for 0.5 us for
the first half cycle. Then, for the last holf cycle, Channel 2
is on for 0.5 us while Channel 1 is off (see Fig. 2-2B). Chop-
ping rate per channel, determined by the free-running multi-
vibrator switching rate, is about 1 MHz.

11. Blank out the switching transients between channels
by setting the CRT cathode Selector switch (located on the
rear panel of most Tektronix oscilloscopes) to the Dual-Trace
Chopped Blanking position (see Fig. 2-2C}.

12. Set the oscilloscope Time/Cm switch to 0.5 ms. Using
coaxial cables, a T connector connected to Channel 1 and

o1
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Fig. 2-2. Chopped-mode waveforms: (A) trace broken up into seg-
ments; (B) chopped-mode switching action from channel to chan-
nel; and (C) switching transients blanked out,

a connector adapter (if calibrator has a UHF connector),
apply 0.1 volt from the oscilloscope Amplitude Calibrator
to the Channel 1 and 2 INPUT connectors.

13. Connect a coaxial cable from the CH 1 TRIGGER OUT
connector to the oscilloscope Trigger Input connector. Set
the trigger controls for 4 external triggering. Both Channel
1 and 2 calibrator waveforms should be displayed. Each
waveform should be 2 cm in amplitude.

NOTE

If the waveforms are not exactly 2 cm in ampli-
tude, overlook the inaccuracy until completing this

@1
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operating procedure. Subsequent paragraphs de-
scribe how to properly set the gain of the unit.

14, Now set the MODE switch to ADD. There should be
one waveform display, 4 cm in amplitude. This is the ad-
dition of the Channel 1 and 2 signals {2 cm each). Notice
that either POSITION control will move the display verti-
cally.

15. Set the Channel 1 PULL FOR INVERT switch to in-
vert and free run the time base. The display should be a
straight line, indicating the algebraic difference between
the two signals. Since both signals have equal amplitudes
and waveshape, the difference is zero.

16. Set the oscilloscope calibrator for 20-mV output.

17. Set the Channel 1 VOLTS/CM switch to .005 and the
MODE switch to CH 2.

18. Disconnect the Channel 1 end of the coaxial cable
that connects between Channels 1 and 2. (Do not discon-
nect the calibrator signal applied to Channel 1.) Reconnect
the cable to the CH 1 SIGNAL OUT connector. The Channel
1 output signal should now be applied to Channel 2.

19. Set the Channel 2 INPUT SELECTOR: switch to AC
and the Channel 2 VOLTS/CM switch to .1. Adjust the oscil-
loscope  triggering controls to obfain a stable display. A
calibrator waveform 2cm or more in amplitude should be
displayed. This indicates that Channel 1 has amplified the
calibrator signal 102X or more before the signal reached
the Channel 2 INPUT connector (10 X 20mV = 200 mV
or 0.2 voli).

20. Disconnect the cable connected between the CH 1
SIGNAL OUT and Channel 2 INPUT connector.

Before the Type 1A1 is used for accurate measurements,
the GAIN and .005V/CM VAR ATTEN BAL front-panel ad-
justments for each channel should be adjusted. These ad-
justments are described in the following paragraphs.

Gain Adjustments

The gain adjustments should be checked periodically to
assure correct vertical deflection factors, particularly when
the Type 1A1 is used for the first time or is moved from one
oscilloscope to another. Use the following procedure to
check the gain of each channel:

1. Set the applicable Type 1Al front-panel controls for
both channels as follows:

INPUT SELECTOR DC
VOLTS/CM .05

PULL FOR INVVERT IN {normal)
POSITION Centered
VARIABLE VOLTS/CM CALIB
MODE CH 1

2. Set the oscilloscope sweep rate and triggering controls
for a 0.1-ms/cm free-running sweep.

2-3
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3. Apply a 0.2-volt peak-to-peak signal from the oscillo-
scope calibrator through a coaxial cable to the Channel 1
INPUT connector.

4. The resulting display should be exactly 4 cm in ampli-
tude. If not, adjust the Channel 1 GAIN control for correct
waveform amplitude. (Use the Channel 1 POSITION con-
trol to align the display with the graticule markings.)

NOTE

For maximum accuracy use a calibrator signal
source which has an amplitude accuracy of better
than 3%.

5. Set the MODE switch to CH 2 and apply the calibrator
signal to the Channel 2 INPUT connector.

6. The display should be exactly 4ecm in amplitude. If
not, adjust the Channel 2 GAIN control for the proper display
amplitude. Use the Channel 2 POSITION control to align
the display with the graticule markings.

7. Disconnect the calibrator signal.

Variable Attenuator Balance Adjustments

Channel 1 and 2 .005 V/CM VAR ATTEN BAL adjustments
are of the dual-range or coarse-fine type. They have a
30° range which provides a fine adjustment; if this range
is exceeded, the coarse adjustment takes over to provide a
fast coarse setting. If the DC levels of a channel are not
properly set, the position of a no-signal trace will shift verti-
cally as the VARIABLE VOLTS/CM control is turned.

If there is a trace shift, set the .005V/CM VAR ATTEN
BAL adjustment for each channel as follows:

1. Set the Type TAT front-panel controls to the same posi-
tions as in the Gain Adjustments procedure, except the IN-
PUT SELECTOR switch must be set to GND and the VOLTS/
CM switch to .005.

2. Carefully adjust the Channel 1 .005V/CM VAR ATTEN
BAL control to a point where there is no trace shift as the
Channel 1 VARIABLE VOLTS/CM control is turned back
and forth through its full range.

3. Set the MODE switch to CH 2.

4. Carefully adjust the Channel 2 .005V/CM VAR ATTEN
BAL control to a point where there is no trace shift as the
Channel 2 VARIABLE VOLTS/CM control is turned back and
forth through its full range.

GENERAL OPERATION

Either of the channels can be used independently by set-
ting the MODE switch to the channel desired. Connect the
signal to be observed to the appropriate input connector.
Table 2-1 lists several methods for applying the signal to the
Type 1A1. Fig. 2-3 shows a component-sequence illustration
for Method 8 outlined in Table 2-1. Fig. 2-4 shows the input
impedance vs frequency curves for the Type 1Al to show
that capacitive reactance (X.) and resistance (R) decrease as
frequency increases. This effect increases loading on the
circuit under test as frequency increases.

Use of Probes

A conventional passive attenuator probe having a standard
42-inch cable lessens both capacitive and resistive loading,
but at the same time reduces sensitivity. The attenuation

To Type 1AT _ __ _ _______.____
® T i

50 () GR-to-BNC
Termination
017-0083-00

s
*50 2 Type 874-K
/ Coupling Capacitor
017-0028-00

\

*RG8/213 Extension Cable 017-0502-00
or RG58/CU Extension Cable 017-0501-00

N

*50 2 2:1 Atten.
017-0080-00

*Optional

Fig. 2-3. Recom ded component sequence when using the P6034 or P6035 probe. See Table 2-1.



introduced by the probe permits measurement of signal
voltages that would overscan the CRT if applied directly
to the Type 1Al. However, in applying high-amplitude
signal voltages to either the probe or Type 1Al, do not ex-
ceed their maximum voltage ratings. When making ampli-
tude measurements with an attenvator probe, be sure to
multiply the observed amplitude by the probe attenuation.

To assure the accuracy of the pulse or high-frequency
measurements, check the probe compensation. To make the
adjustment, proceed as follows:

1.Set the oscilloscope Amplitude Calibrator for a cali-
brator output signal of suitable amplitude.

2. Place the MODE switch to appropriate channel setting
(CH 1 or CH 2) to be used with the probe.

3. Touch the probe tip to the calibrator output connector
and adjust the oscilloscope controls to display several
cycles of the waveform.

4. Adjust the probe compensation for best square-wave
response as shown in the right-hand picture of Fig. 2-5.

Operating Instructions—Type 1A1

NOTE

If a square-wave source other than the oscilloscope
calibrator is used for compensating the probe, do
not use a repetition rate higher than 5 kHz. At
higher repetition rates, the waveform amplitude
appears to change as the probe is compensated.
Thus, proper compensation is difficult. If the probe
remains improperly compensated, transient and
frequency response of the system will be poor
and measurements will be inaccurate.

INPUT SELECTOR Switch

To display both the DC and AC components of an applied
signal, set the INPUT SELECTOR switch to DC; to display
only the AC component of a signal, set the INPUT SELEC-
TOR switch to AC.

In the AC position of the switch, the DC component of
the signal is blocked by a capacitor in the input circuit.
The input time constant of the input circuit is about 0.1 sec-
ond and the low-frequency -3 dB point is below 2Hz.
Some drop in duration response (droop) exists even when

100 k§2
L ¥
) \
A |
\
\\
2§ 7
\#.--Xc R \ R
N (CH 1 and CH 2) (CH 1) (CH 2)
10 kQ ~" X
_ \
\v \\
\ \
N \
Ohms \\ \l\
N
N
N
\
1 k2 .~
~
\\
v‘ -
AN
\\ \ |
NTTT
\\
100
0.1 1 10 100
Frequency in Megahertz

Fig. 2-4. Type 1Al nominal input resistance and capacitive reactance vs frequency at dany position of the VOLTS/CM switch. Note that

input impedance (R and X.) decreases as frequency increases.

®

2-5



Operating Instructions—Type 1Al

'GE09d 19 ZHY L ‘vE09d
i0j zjy 0/ pajdnod v
uaym asuodsas Aduasnb
B0l pejlul ‘uol
-ouiwiay o4 a2Bowop Jo

adoos
-o|sQf VL adAL Ay
Y pasn uaym juarnddo
jou s1 poye aduis ‘pajsnl
-po 29 jou paau uoybsuad

g "By ul swoyy| Buippo| 3Q weaud o -wod aqosd “adodso||sg
4490 ‘UYS SE09d "X00L'58094| 4oiprdo> Buppolq paou| /y| adAL jo joyi yipim | findul Ly| 2d4L 4o T 0S
‘aqoud jo Buyos abo Aoy CAptalpisuas |poX| -pupg '4d 20 inogo o} Bul [ ul pajpuiwiay aq  ysnw)
oA "Bulppo| Dy pun Hg ‘34 20 "6 005 ‘vE09d "XOL-VE09d | 40 L'0X ‘Butppo| aaysisay | -ppo| 2Aypodod paonpay | saqosd {3) § PUB T 005 '8
‘TWOOL 4 = 51094
W 0L '445Z = :6009d "X 0001 s SL09d “Auauisuas 0070
U
0l ‘4dz uoyl s59) :/009d | “00L 20 6009d ‘20094 Alansuss 100X
ZH | Algeaagaud “zHy g “Yipimpupg
uoyy sso] Aouanbay anom | BWOL 3901 = 0L0%d adodsol|RsO || 2dAL fIny | "aqosd W OOL “X000L
-a10nbs 35 ‘uoypsuadwony | “BWOL ‘4952 = 8009d ol Appau  ‘Buippo| aaypod | taqosd  Tw oL X001
Asuanbayy  aqosd  ayd [ OWOL 49/ = 90094 | 2o 01094 ‘80094 90094 “Aiagisuas g | -0> pub adupjsisal sanpay | aqesd WOl X0l £
‘slojonuayo -—:Qr__
joixood noym Buydnod | |y edAL o n/¥LE-SN
“jnd “uod ‘sa|qod |oubis uo s10} IV 10 O pre| |ouuou | il NG “waysds [pixwod
-up 4dg| woy suoipapey | doj o 4dg| puo fw || -98uuod HNg puc | DNE)| jutod do 4o poo| qdg( | o) of o [pubis spuwiag | pajoulua; ol dog 9
LILL U ‘uoljou

jo jui| Jamod jutod ysay
uo Bulpoo| Dy pup 23Qg

Ajuo Y

'S10JDNUIHD |DIXDO NG

‘[Ho)op) uoDa|jap pasDaLD
-ut) paanpal st Ajlalisuag

‘uoyouIwIay jo
4d G| wouy uoydrajas 553

-IWJ2y {0 JojDnuayD oI
-XDO2 WM 'f SD BwDg G

‘UOHDUIWIBY JO Jlwi
Juiod ysay uo Bui
“pndui

JamMOd
-poo| Dy pud 3@

*SUDIPa|Rs asnod
upd 3|qod |DIXD0D jO pud

‘loorévoo-1L0
‘uoyouiwal 1505 DNE)
ndut || 2d4) yo uoyou
-luugy Y c(spoprsuuod

‘uolyoulwdey of afowop
Jo Buipno] HQ juasaid
oj Jojppdod  Buppolq
pasu Loy "3jqo> |oixDOd
jo pua jo Buipoo] (3

‘asuodsal  wuopun  YIM
ajqoa Buoy -Buipoo| aaysis
-31 o)y Aj2AuDRY YPm
-puoq  adodso||sQf V|

yndul || edA)
{0 uoypUIWIR]  "B|qoI

o 4dg| wou suondspay | (YL 2dAL 4o Jd G| snid Y| DNE Yum 2[qpd |BixpoeD | 0§ A|je1dA) °§ siuasald adA] |pjol Apanyisuas ||ng | |oixDod pajpulwa) p
JOJIRUUOD JNE YHM *9]god '
‘Buipnoj  aouniodoo-ybiy ydg9 = pup UW || paddinba | st gzZeod| o @dupjppdod  yBiY “Aayisuas |ing aqosd w1 ‘XL E
2qo jo

‘Buipooj @duojpodoa-yBiy

"aoupyinodo>
ajqo> snid 4d G| pup BW |

‘(sjojzauuoa
JNE Yila 8]qoo |DIXDAD

aounyizodoo yBiy “asuods
-1 fouanboy  pajiwn

Apayisuss |jng

‘@qoa
|[DIXD02  pajDUIWIRNA T

'SPD3| J53) oMm|

“dnyid

*suolo||13so | ‘s3jdppo pup spoaj sy snid | (00-EE00-E0L)  Jeidopo| Aoys o) pralgng asuods ‘SpR3|
snounds puo dmypid Aoyg | ‘ndul 4o Jd G| pup Ty || bl pupbubg o DNg| =81 Asuanbay  papwun “Apadung | ysey (papjaiysun) uadgy |
suolnodaag SaAIND paunbay suoljnyiwn saBojunapy Poyiaw

¥ puo *y ynd 5311055320y

-uj ‘g-g "By 9sg
Buippo] 8unog

spoyjaw Buljdnol |oublg
1-Z 318Vl

2-6



Operating Instructions—Type 1A1

04 35 SI YPUMS WI/SITOA LVL 9dAL a4y usym pejbiqypy s

Yaums Alg/ueun) pg| odhf

‘uoyisod sedosd
3y} O o5 SI YIHIMS 10§39
35 2qold pgL 9dAy ey
ains ag sjuaunsnlpp uiog
pub ‘baiy Mo ey yoeyd

HUZ0 yim
sales Ul 3 620°0 A9 P29

o8 949|dwod
o sp Ajddns Jomod yam
pasoyaund  aun “aenyid

"ZH 00l

5 107 O 135 YPHEMs WD
[SITOA 1YL 94 yam wd
[Ywzg Hoppy uoydaj
-9p 2IsPg  "§S3} JOpuUn 4INd
-0 8yl Buppalg {noyim

ZHW 0V
:odoosofdsQ/f [yl adA)]
UYHM  UIPIMPUDRY  WidysAg
usijduy yei 9dAL yum

soqosd BuiBupy> uaypp | -jeiod [ g9 i7 uolsssul | -wo pup aqoud j o suon | S pwi| Adusnbeyy mo |siueund  |puBis  dunsbaw |8qoud usund 0Z09d CLL
‘uoyisod adousd CLOT OF 49S yoyIms WD

dYs ©Of 43S SI YIMS 1o} /SLTOA LV 1 2dAL yym wo ZHW 0E=

-J9(ag eqold Fg| odA) eyt ‘195 ayadwod /ywzo ioppy uowdoly [:adodsojpsQ/ly|  adA)

oIns og ‘sjuawysnipp uibo Hu 2L Yiim |0 sp £jddns samod yiim -9p D1SDg IS8 JOPUN N UM YPIMPUDE  WDYSAS

pub bary moq eyt ydeyd | seues w G000 A9 pele| | pesoydind aup soynd ZHZL |-42 ey Buppoiq jnoyum |aynduy pe| adA] yam

'saqosd  BuiBupyd  uaypp |-|piod Hl gz 7 uonsesuj |-wo pup aqosd jt euoN | S ipwl) Adusnbay mof |sjueund  oubis  aunspayy [agoud 4usund 41094 0L

e

oYy so aAlpsuss SO Gf|

4d gz o

(dow.ioy

SSuRAy Jsyyle 1oy 9|qnd

St pup ‘ZHj 'L 4noqo 1| dn HY G 4nogp Aq pajejp | [p1x0od  [puoHIppn  sdoy YW/AW | LD SHNDAID J0ysts
-wif Aouanboiy mo1 :z-LD [ -ied T p(r0 fuoHIasY| iZ-1D | -18d) “ixe BUIYION 771D YW/AWG -1D [ -Uubi Ul spualind joubls an "2dod50||135Q
ZHY G4 4noqo 41 A SSRAW  USISSBYD JINDUID ysay ||y adA] O 4Dy ST yipim
-wi Aouanbaymol i[-1D qd gy oy V6T LD |0+ 4dZ'z ubys sse1 ynd |-pupq deddn vy odAy
aA [ dn "HY G inogp Aq pojejD | CuoLDUIWIZY NG Yim VG0 (LT1D |19 59y o piod juesubunad [io QG Ul pPoIDUIWIS
-op youuod-y2inb b goN | ed | ‘uoysesu| :-1D |sdydbpb  [pIXDOD  i|-|D) Buypa Jus1InD SWY |29 UDD JAWIOISUDIY JUBLIND | TJSUWLIOSURLL  JudLND 4

SUOLNBIAIY saAIND) pasinbay suolpIwIY sabojunApy poysow
d pup ¥ ind 5311055320y

-uj ‘g-g "Big 995

‘Buippo] 8dnog

spoyiaw Buidno) [pubig

(u0))

1-¢ I1avl

2-7



Operating Instructions—Type 1Al

f [
J: X \
,—— . = ,—— ,— e o —

Incorrect

Incorrect Correct

Fig. 2-5. Probe compensation waveforms using a 1-kHz calibrator signal.

observing a symmetrical é0-hertz square-wave signal. If a
10X attenuator probe is used with the Type 1A1, the low-
frequency response will be extended to about 0.2 Hz; with a
1002< probe, low-frequency response is about 2 Hz.

Placing the INPUT SELECTOR switch to the GND position
grounds the input circuit of the Type 1Al to provide a DC
zero reference. When the INPUT SELECTOR switch is set
to GND, the switch internally disconnects, but does not
ground the applied signal at the INPUT connector. The GND
position of the switch eliminates the need for externally
grounding the input of the unit or probe tip to establish
the ground reference.

VOLTS/CM Switch and VARIABLE VOLTS/CM
Control

The amount of vertical deflection produced by a signal
is determined by the signal amplitude, the attenuation fac-
tor (if any) of the probe, the setting of the VOLTS/CM
switch, and the setting of the VARIABLE VOLTS/CM control.
Calibrated deflection factors indicated by the settings of
the VOLTS/CM switch apply only when the VARIABLE VOLTS/
CM control is set to the CALIB position. Errors in display meas-
urements may result if the setting of this control is moved
away from the CALIB position; also, there may be a slight
change in fransient response when a fast rise pulse is ob-
served.

The range of the VARIABLE VOLTS/CM control is at least
2.5 to 1 to provide continuously variable (uncalibrated) ver-
tical-deflection factors between the calibrated settings of
the VOLTS/CM switch. As the control is rotated a few de-
grees counterclockwise from the CALIB position, a switch
is actuated to increase the gain of the channel and pro-
vide overlapping coverage. When the control is turned to
its maximum counterclockwise position and the VOLTS/CM
switch is set to 20, the VARIABLE VOLTS/CM control ex-
tends the vertical-deflection factor to about 50 volts/cm.
By applying the oscilloscope calibrator voltage or any other
calibrated voltage source to the Type 1Al, any specific
deflection factor can be set within the range of the VARI-
ABLE VOLTS/CM control.

PULL FOR INVERT Switch

The PULL FOR INVERT (NORM-INVERT) switch may be
used to invert the displayed waveform, particularly when
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using the dual-trace feature of the Type 1A1. The PULL FOR
INVERT switch has two positions. In the normal (in) posi-
tion, the displayed waveform will have the same polarity
as the applied signal; that is, a positive-going pulse applied
to the Type 1Al will be displayed as a positive-going wave-
form on the CRT. If a positive voltage is DC coupled to the
Type 1Al, the beam will move up.

In the inverted (pulled) position, the displayed waveform
will be inverted; that is, a positive-going pulse applied to
the Type 1Al will be inverted or displayed as a negative-
going waveform on the CRT. If a positive voltage is DC
coupled to the Type 1Al, the beam will move down.

MODE Switch

The MODE switch has five positions: CH 1, ALT, CHOP,
ADD and CH 2. These positions and their purposes are de-
scribed in the subsequent paragraphs. Useful triggering
information is included in the description of the ALT and
CHOP switch positions.

CH 1, CH 2—Single-Trace Operation

To display a single signal (single-trace operation), apply
the signal either to the Channel 1 or Channel 2 INPUT con-
nector and set the MODE switch to the corresponding posi-
tion: CH 1 (Channel 1) or CH 2 (Channel 2).

To display a signal in one channel independently when
the same signal or a different signal is applied to the other
channel, simply select the signal in the channel to be dis-
played by setting the MODE switch to the appropriate
CH 1 or CH 2 position.

ALT, CHOP—Dual-Trace Operation

To display two signals together (dual-trace operation),
apply one signal to the Channel 1 INPUT connector and
apply the other signal to the Channel 2 INPUT connector.
Set the appropriate PULL FOR INVERT switch for normal
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or inverted operation, and set the MODE switch to ALT or
CHOP.

In general, use the CHOP position {chopped-mode opera-
tion) with sweep rates up to about 10 ps/em for -display-
ing two non-repetitive signals occurring within the sweep-time
interval set by the oscilloscope Time/Cm switch. Non-
repetitive signals are those which are single-shot, transient,
or random. The CHOP position is also useful for displaying
low-frequency synchronous signals. Synchronous signals are
those which have the same repetition rate or are frequency
related by a whole number multiple.

NOTE

When using chopped-mode operation, be sure
to set the oscilloscope CRT Cathode Selector switch
to a Dual-Trace Chopped Blanking position to
blank out the undesirable chopped-mode switch-
ing transients.

Use the ALT position {alternate-mode operation) when
using sweep rates at about 0.5ms/cm or faster to display
high-frequency synchronous and asynchronous signals. Asyn-
chronous signals are those which do not have the same
repetition rate or are not frequency related to each other
by a whole number multiple. Table 2-2 summarizes the
following discussion on dual-trace operation.

Displaying Two Non-Repetitive or Low-Frequency (be-
low 10 kHz) Synchronous Signals. To show true time and
phase relationship between two non-repetitive or low-fre-
quency synchronous signals, use chopped-mode operation.
Transients as short as 0.1 ms can be well delineated or re-
solved. At 10 us/em a 0.1 ms duration transient, for exam-
ple, will contain about 100 segments in its trace. If @
higher sweep rate is used, the number of segments that
make up each of the traces will be less, and, therefore,
resolution will be poorer.

To make the display stable, use either internal triggering
on Channel 1 Only (from pin 5 of interconnecting plug—
see Block Diagram in Section 10) or use the CH 1 TRIG-
GER OUT connector as the external trigger source. If your
oscilloscope has provisions for selecting the Channel 1 only
internal trigger as a triggering source, then use this fea-
ture by setting the Triggering Source switch on the front
panel of the oscilloscope to the Plug-in position, .

NOTE

Use the oscilloscope Plug-In position of the Trig-
gering Source switch in preference to external
patching to obtain optimum bandwidth capabili-
ties from the Channel 1 Trigger Output Amplifier.

If there is no Plug-In position, then use the signal avail-
able at the CH 1 TRIGGER OUT connector as the Chan-
nel 1 only trigger source. To use the signal, connect a co-
axial cable from the CH 1 TRIGGER OUT connector to the
oscilloscope Trigger Input connector and set the Triggering
Source switch to Ext.

CAUTION

Do not apply external voltages to either the CH
1 TRIGGER OUT or CH 1 SIGNAL OUT connectors
as this may damage the internal associated cir-
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cuits. Shorting the connectors to ground, how-
ever, will not cause any damage.

If asynchronous signals are applied to the Type 1Al
while you are using chopped mode of operation and Chan-
nel 1 only triggering, the Channel 1 waveform will remain
stationary while the Channel 2 waveform will appear to be
free running. However, if the frequency of the Channel 2
signal is changed so that it becomes synchronized with the
Channel 1 signal, or vice versa, then the two signals will
appear as stationary displays on the CRT. This is one ap-
plication which can be useful for determining the zero-
beat frequencies of the two signals.

Do not set the oscilloscope Triggering Source switch to
Norm Int or Int (oscilloscope vertical amplifier trigger take-
off signal) because a stable display is difficult and some-
times impossible to obtain. During dual-trace chopped-
mode operation the Norm Int or Int trigger source is a com-
posite signal consisting of the signals applied to both chan-
nels superimposed on, but not synchronized with, the free-
running rate of the chopped-mode switching signal. The
switching signal has a square waveshape the same as the
one shown in Fig. 2-1B. lts amplitude is dependent on the
distance that the traces are positioned apart (providing
no DC component is contained in the applied signals} and
its rate is the chopping rate [about 1 MHz).

Since the internal trigger from the oscilloscope vertical
amplifier is a composite trigger during chopped mode of
operation and the trigger contains a non-synchronized
chopped-mode switching signal, internal triggering may
occur first on one of the applied signals and then on the
chopped-mode switching signal, or vice versa, resulting in
an unstable display.

Displaying Two Asynchronous Signals. To obtain «
stable display of two asynchronous signals which do not
exceed the system bandwidth, use alternate-mode operation
and set the oscilloscope Triggering Source switch to Norm
Int or Int. Set the oscilloscope Triggering Coupling switch
to AC for stable triggering on signals below 1 kHz; set the
Triggering Coupling switch to AC LF Reject or AC Fast for
stable triggering and a bright display on signals above
1 kHz. Since the oscilloscope vertical amplifier internal trig-
ger is the trigger source, the applied signals will not be
displayed in their true time relationship because triggering
occurs on the applied signal in each channel as it switches
on.

To obtain a stable display in this mode of operation, it
is very important to set the oscilloscope Triggering Level
control to a point where the time base can trigger on the
signal in one channel as it turns on, and on the signal in
the other channel when it turns on. In addition, both applied
signals must be of sufficient amplitude to meet the internal
trigger signal amplitude requirements of the oscilloscope.

If one displayed signal has a smaller amplitude than the
other, but is of adequate amplitude for internal triggering,
set the Triggering Level control to a point that will assure
triggering on the smaller amplitude signal. To do this, set
the Triggering Level control near the 0 position.

Though it may seem easy to obtain stable triggering on
asynchronous signals, there are certain conditions that may
promote jitter. When using the AC Fast or AC LF Reject
triggering mode, jitter most likely occurs when attempting
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to trigger on high-frequency asynchronous signals that are
vertically positioned apart on the CRT with POSITION con-
trols. If jitter occurs, it can be reduced and sometimes
eliminated by positioning the displays close together or
superimposing them. This not only reduces jitter, but may
also increase the display brightness.

If you use the AC or AC Slow triggering mode, stable
internal triggering on asynchronous signals above 1kHz
is more difficult to obtain and the jitter will be greater. At
sweep rates faster than 0.5 ms/cm, the dual-trace display be-
comes noticeably brighter as the traces are vertfically posi-
tioned closer together, and dimmer as the traces are more
widely separated. These effects are normal and are caused
by the problem of triggering on the alternate-mode com-
posite trigger waveform. The waveform is very similar to
the one described for chopped-mode operation.

The alternate-mode composite trigger consists of the asyn-
chronous signals applied to the Type 1A1, superimposed on
the DC positioning levels of the alternate-mode switching
waveform. The switching waveform portion of the compos-
ite trigger is a low-frequency squarewave whose amplitude
is governed by the setting of the POSITION controls and
DC components (if any) of the applied signals. By itself,
the switching waveform viewed on a test oscilloscope re-
sembles the waveshape shown in Fig. 2-1B when the tfraces
are positioned 2 cm apart. Repetition rate of the switching
waveform is one half of the sweep repetition rate.

When the alternate-mode composite trigger is internally
AC coupled to the oscilloscope trigger input circuit, the trig-
ger circuit may not respond instantly to the signals super-
imposed on the alternate-mode switching signal. The de-
lay is caused by the recovery time of the trigger input cir-
cuit as each cycle of the low-frequency switching waveform
couples into the input stage of the trigger circuits. Since
AC coupling is used in all the Triggering Coupling switch
positions (AC, AC Slow, AC Fast, AC LF Reject) recovery
time is dependent on the RC time constant of the trigger in-
put circuit.

In conclusion, trigger circuit recovery time is shorter, hence,
the sweep repetition rate is higher and the display is bright-
er, if AC Fast or AC LF Reject triggering mode is used. In
either of these triggering modes, a smaller value coupling
capacitor is used in the oscilloscope trigger input circuit
as compared to the value used in the AC or AC Slow trig-
gering mode. Trigger recovery time can be shortened and
triggering will be more stable if high-frequency waveform
displays are vertically positioned closer together or super-
imposed rather than positioned further apart.

Displaying Two Synchronous Signals, 250 Hz and
Above. To show true time and phase relationship between
two synchronous signals, 250 Hz and above, use alternate-
mode operation and trigger on Channel 1 only. In practice,
for displaying signals between 250Hz and 10 kHz you can
choose either alternate- or chopped-mode operation’ since

TABLE 2-2

Dual-Trace Operation

Applied Signals Display shows
(one to Channel Type 1A1 Oscilloscope Trig- Oscilloscope Trig- true time
1 and other to MODE Switch gering Source gering Coupling relationship
Channel 2) Setting Switch Setting Switch Setting between signals
1. Two non-repetitive CHOP Plug-In® or Ext (con-| AC or AC Slow or Yes
signals or two low-fre- nect coaxial cable| AC Fast or AC LF Re- | Use sweep rates up to
quency synchronous sig- from CH 1 TRIGGER| ject. 10 us/em. Higher sweep
nals (below 10 kHz). Ap- connector on oscillo- rates reduce resolution.
ply reference signal to scope).
Channel 1.
2. Two asynchronous sig- ALT Norm Int or Int* AC or AC Slow for No
nals, any frequency with- frequencies below 1
in full bandwidth of the kHz.
system., AC Fast or AC LF
Reject for frequencies
above 1 kHz.
3. Two synchronous sig- ALT Plug-In®* or Ext (con-| AC or AC Slow or Yes
nals, 250 Hz and above. nect coaxial cable| AC Fast or AC LF| Apply reference signal
from CH 1 TRIGGER | Reject. to Channel 1.
OUT connector to
Trigger Input connec-
tor on oscilloscope).
Norm Int or Int AC Fast or AC LF No
Reject.

‘Plug-In positien is the Channel 1 only internal signal available at pin 5 of the Type 1A1 interconnecting plug to the oscilloscope. If your
oscilloscope is not wired to permit use of this trigger source, use the Ext position and CH 1 TRIGGER OUT signal.

‘Norm Int or Int switch pesition is the internal trigger takeoff signal from the oscilloscope vertical amplifier. In dual-trace operation this trigger
is @ composite of the applied signals superimposed on the DC positioning levels of the channels as they are switched.
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this is an overlapping area. Apply the reference signal to
Channel 1 and set the oscilloscope Triggering Source switch
to the Plug-In position. Set the Triggering Coupling switch
to the desired AC position. Set the Triggering Coupling
switch to the desired AC position (AC, AC Slow, AC Fast
or AC LF Reject). If your oscilioscope does not have the
Plug-In switch position, apply the signal from the CH 1 TRIG-
GER OUT connector to the oscilloscope Trigger Input con-
nector and set the Triggering Source switch o Ext.

When triggering on Channel 1, and if one of the signals
changes frequency, the Channel 2 signal will appear to free
run. This phenomenon is useful for determining the zero-beat
points between the two signals.

In high-frequency applications where the bandwidth limit of
the Type 1A1 Channel 1 trigger amplifier is a limiting fac-
tor, the reference trigger for the oscilloscope can be derived
from external sources. If derived from the signal applied to
the Type TA1 from the device under test, consider the loading
effect of the oscilloscope and interconnecting leads on the
signal source. If loading is a factor, use other methods.
For example, if you use a signal generator to drive the de-
vice under test, and the generator has a trigger-output con-
nector, use the trigger from the generator to externally trigger
the oscilloscope. Or, connect the cable end of an atten-
uator probe to the Trigger Input connector on the oscillo-
scope and connect the probe tip to the trigger source.

ADD—Algebraic Addition Of Two Signals

In many applications, the desired signal is superimposed
on an undesired signal such as line frequency hum, etc. Al-
gebraic addition makes it possible in many cases to im-
prove the ratio of desired to undesired signal. To do this;
connect one INPUT to the source containing both the de-
sired and undesired signal. Connect the other INPUT to o
source containing only the undesired signal. Place the'MODE
switch to the ADD position. Set the PULL FOR INVERT
switches to opposite polarities {depending upon the polarity
of the desired signal). By carefully adjusting (especially at
low frequencies) the VARIABLE VOLTS/CM control of one
of the channels, the undesired display signal can be reduced
by a factor of 20 compared to the amplitude of the desired
signal.

Using the CH 1 SIGNAL OUT Connector

If greater sensitivity is needed to observe low-level sig-
nals in a device under test, use Channel 1 as wideband
AC-coupled 10X preamplifier for Channel 2. To do this,
connect a coaxial cable (equipped with suitable connectors)
from the CH 1 SIGNAL OUT connector to the Channel 2
INPUT connector. Set the Channel 1 VOLTS/CM switch to
005 and the Channel 2 INPUT SELECTOR switch to AC.
Apply the signal to be observed to the Channel 1 INPUT
connector.

NOTE

For optimum bandwidth and transient response,
use the coaxial cable {Tekironix Part No. 012-
0076-00) furnished with the unit. As an alterna-
tive method, use a 3-inch wire made from No. 18
solid tinned-copper wire.

®1
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CAUTION

Do not apply external voltages to either the CH
1 SIGNAL OUT or TRIGGER OUT connectors as this
may damage the internal circuits. Shorting the
connectors to ground, however, will not cause any
damage.

The following characteristics and brief operating notes
are provided for your consideration:

1. Bandwidth of Channel 1 and Channel 2 connected in
cascade {Channel 1 and 2 VOLTS/CM switches set to .005)
between 3-dB down points is about 2Hz to about 15 MHz
{(Channel 1 INPUT DC coupled).

2. Output impedance of the Channel 1 preamplifier is
nominally 50 ohms,

3. Channel 1 preamplifier voltage gain is about 10X
when the Channel 1 VOLTS/CM switch is set to .005; 5X
when set to .01; 21,X when set to .02, and 1X when set to
.05.

4, Use the Channel 1 preamplifier as an impedance trans-
former with or without voltage gain. With a 1-MQ input
and 50-Q output the voltage gain is up to 10. The amount
of voltage gain depends on the Channel 1 VOLTS/CM switch
setting.

5. Maximum input signal that can be applied to Chan-
nel 1 with the VOLTS/CM switch set to .005 and the Chan-
nel 1 INPUT SELECTOR switch set to AC is about 50 mV to
get full amplification without overdriving the channel. If
the Channel 1 INPUT SELECTOR switch is set to DC and the
Channel 1 POSITION control is centered, =25mV is maxi-
mum input signal that can be amplified without distortion.

6. During dual-trace operation, the signal in Channel 1
will be presented on the CRT when Channel 1 turns on.
Then, the amplified Channel 1 signal will be displayed on the
CRT when Channel 2 turns on. Thus, Channel 1 can be used
as a monitor for its own signal while it is being applied
to Channe!l 2.

7. In applications where the flat frequency response of
the Type 1Al/oscilloscope combination is not desired, a
suitable filter inserted between the CH 1 SIGNAL OUT
connector and the Channel 2 INPUT connector will allow
the oscilloscope to essentially take on the frequency re-
sponse of the filter, providing the filter frequency response
is within the system bandwidth.

8. Output noise level is approximately 200 .V, RMS, when
the Channel 1 INPUT SELECTOR switch is set to AC or DC
and no signal is applied to the Channel 1 INPUT connector.
By inserting a frequency selective filter of your own choice
in place of the CH 1 SIGNAL OUT to Channel 2 INPUT
coaxial cable, the noise level can be reduced. For ex-
ample, use a 400-hertz filter for observing low-level 400-
hertz signals.

9. AC coupling blocks the no-signal DC level (typically
+0.45 volts} of the Channel 1 Signal Pickoff Amplifier
Q164/Q174 stage so the trace can be positioned on the
CRT. AC coupling is most easily accomplished by setting
the Channel 2 INPUT SELECTOR switch to AC.

10. The MODE switch, Channel 1 POSITION, PULL FOR
INVERT and VARIABLE VOLTS/CM controls do not have any
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effect on the signal available at the CH 1 SIGNAL OUT
connector in any mode of operation. That is, these con-
trols are not electrically located in the preamplifier cir-
cuitry since the Channel 1 signal is picked off for use as
a Channel 1 front-panel output at a point ahead of the
location of these controls.

11. By using Channel 1 as a 10X low-level voltage pre-
amplifier, the Channel 1 signal available at the CH 1 SIG-
NAL OUT connector can be AC coupled into any input
where a 10X preamplified signal is needed. Consider that
if a 50-ohm load impedance is used, the signal amplitude
is halved. The signal amplitude is correspondingly lower if
the load impedance is lower than 50 ohms. Examples of
other uses are: (a) X-Y displays by applying the X-axis sig-
nal to Channel 1 and the output from the CH 1 SIGNAL
OUT connector to the oscilloscope External Horizontal input
connector; use Channel 2 for the Y-axis signal; (b) the sig-
nal from the CH 1 SIGNAL OUT connector can be used to
drive recording equipment.

Advantages of Using The Channel 1 Trigger
Out Amplifier

In addition to the previously given operating information
concerning the Type 1A1 CH 1 TRIGGER OUT connector
and the Internal “Plug-In” triggering source, the following
information is provided for consideration:

Use As An Amplifier For Low Level
Triggering Signals

1. The amplitude of the signal from the Channel 1 Trig-
ger Out amplifier is not affected by the Channel 1 VARI-
ABLE (VOLTS/CM).

2. The DC level of the signal from the Channel 1 Trig-
ger Out amplifier is not affected by the Channel 1 POSI-
TION control. Thus when DC Triggering Coupling is used,
readjustment of the Triggering Level control is not necessary

Accessory
BNC Female / Housing BNC Male
Connector . @ _ __ _ __ __"'t__ - __ Connector
FTT o TT oo 1
! |
Connect this end
directly to Channel 2
INPUT connector
Apply signal | |
from Type 1A1 i |
TRIGGER | ]
OUT con- = @ = mo o e e e e e — R e e e - - — — —
nector here
(A) - -
.001 ——— ]
"
.01
4
in
uF
1
.2
.5
A -
10 20 50 100 1k 10 k 100 k ™
(B) Frequency in Hz

Fig. 2-6. Constructing a low-pass filter. The curve in (B) shows the approximate upper 3-dB down point for a given capacitance valve.
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when Channe!l 1 POSITION control is varied. Setting the
Channel 1 POSITION control to its limits does not result in
distortion of the triggering signal. ’

3. A gain of approximately 100 can be realized for the
triggering signal by setting the Channel 1 VOLTS/CM switch
to .005. Thus stable triggering can be obtained on low
level input signals to Channel 1.

Use As A Preamplifier On Low Level Signals

Low level signals {within certain bandwidth limits) can
be observed by utilizing the CH 1 TRIGGER OUT connector
in a similar manner as was described for the CH 1 SIG-
NAL OUT connector. A gain of approximately 100 is re-
alized when Channel 1 VOLTS/CM switch is set to .005.

Operating Instructions—Type 1A1

Maximum input signal before distortion occurs is 50 mV when
Channel 1 VOLTS/CM switch is set to .005,

A suitable filter must be used to reduce the noise level
accompanying the CH 1 TRIGGER QOUT signal when obsery-
ing such low level input signals. Fig. 2-6 shows how to con-
struct a low-pass filter and determine the value of capaci-
tance to use for the 3-dB down point (the bandwidth of the
filter). The upper bandwidth 3-dB down point is valid only
when a high impedance load is used at the output of the
low-pass filter. This requirement is satisfied when the Chan-
nel 2 input circuit is used.

The capacitor should be mounted in an accessory hous-
ing which provides adequate shielding and convenient com-
ponent mounting points. The accessory housing (similar to
item 5 in the Calibration Section) can be ordered without
components by using the following description: Coupler, test
set with BNC connectors, Tektronix Part No. 011-0081-00.
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SECTION 3
APPLICATIONS

Introduction

This section of the manual describes procedures and tech-
niques for making basic measurements with the Type 1Al
and the associated Tektronix oscilloscope. When only one
channel is involved, the step-by-step procedures use Chan-
nel 1 as the example. If both channels are involved, as
when making phase-shift measurements, the reference sig-
nal is applied to Channel 1.

NOTE

Although Channel 1 is used as the example in the
procedures in which only one channel is involved,
these same procedures can be used for Channel
2 by first applying the signal to Channel 2, then
setting the MODE switch to CH 2 and using the
appropriate Channel 2 front-panel controls. All
the procedures assume that the Type 1Al is used
with an oscilloscope which provides 6 cm of usable
vertical scan. If the Type 1Al is used with an
oscilloscope which provides a usable vertical scan
other than 6 cm, interpret the procedures accord-

ingly.

No aftempt has been made to describe specific applica-
tions, since familiarity with the unit enables the operator
to apply these techniques to a wide variety of applications.

AC Component Voltage Measurements

Using One Channel. To measure the AC compénent of
a waveform, the INPUT SELECTOR switch of the channel
you intend to use should be set to the AC position. In this
position, only the AC components of the input waveform
are displayed on the CRT. (However, when the AC com-
ponent of the input waveform is very low in frequency,
use the DC position of the switch).

To make a peak-to-peak voltage measurement of the
AC component of a waveform, perform the following steps
(Channel 1 is used as the example):
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Fig. 3-1. Measuring the peak-to-peak voltage of o waveform.

1. Set the Channel 1 VOLTS/CM switch so that the volt-
age to be applied to the INPUT connector is not more
than about six times the setting.

2. Apply the signal to the Channel 1 INPUT connector,
preferably through a coaxial cable or an attenuator probe.

3. Set the MODE switch to CH 1.

4. Set the triggering controls to obtain a stable dis-
play and set the sweep rate to display several cycles of
the waveform.

5. Use the Channel 1 POSITION control to vertically
position the waveform to a point on the CRT where the
waveform amplitude can be easily determined. For exam-
ple, position the waveform so that the negative peaks
coincide with one of the lower graticule lines and one of
the positive peaks lies near the graticule vertical center-
line (see Fig. 3-1).

6. Measure the vertical deflection in cm from peak to
peak on the waveform. Make sure the VARIABLE VOLTS/
CM control is set to the CALIB position.

NOTE

In measuring signal amplitudes, the width of the
trace may be an appreciable part of the overall
measurement. To make the measurement as accu-
rate as possible, measure from one side of the
trace (particularly when measuring low-amplitude
signals). Notice in Fig. 3-1 that points (A) and
(B) correspond to the bottom side of the trace.
The measurement would be just as accurate if
points (A) and (B) corresponded to the top side
or center of the trace.

7. Multiply the peak-to-peak distance measured in step
6 by the setting of the Channel 1 VOLTS/CM switch and
the attenuation factor, if any, of the probe.

As an example of this method, assume that the peak-to-
peak vertical deflection is 4.6 cm using a 10X probe with
the VOLTS/CM switch set to .5. Substituting these values
in the following formula:

Volts
Peak To Peak
Vertical VOLTS/CM Probe
deflection switch X attenuation
in cm setting factor

Then:
Volts Peak to Peak — 4.6 X 5 X 10 = 23 volts

Using Channel 1 as a 10X preamplifier for Channel 2.
This procedure describes a method for making low-level
AC-component measurements with a 10X attenuator probe
without having to consider the probe attenuation factor.
The 10X attenuation of the probe is offset by the 10X
amplification of Channel 1. Thus, the following is the cor-
rect formula:

3-1
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Vertical Channel 1
Volts Peak to Peak — deflection X VOLTS/CM
in cm switch setting

The following procedure describes how to calibrate the
Type 1Al so the Channel 1 VOLTS/CM switch deflection
factors are correct for use in the preceding formula.

1. Set the Type 1Al front-panel controls to these settings:

POSITION (Channel 2) Centered
PULL FOR INVERT

(Channel 2) IN {normal)
VARIABLE VOLTS/CM

(Channel 2) CALIB
MODE CH 2
VOLTS/CM

(both channels) .005
INPUT SELECTOR

(both channels) AC

NOTE

Channel 1 POSITION, PULL FOR INVERT and
VARIABLE VOLTS/CM controls have no affect in
this procedure.

2. Connect a coaxial cable from the CH 1 SIGNAL OUT
connector to the Channel 2 INPUT connector.

3. Connect another coaxial cable from the CH 1 TRIGGER
OUT connector to the oscilloscope Trigger Input connector.

NOTE

If your oscilloscope has provisions for selecting
the Channel 1 internal trigger as a triggering
source, use this feature instead of externally
patching the trigger to the oscilloscope. To- use
this feature, set the oscilloscope Triggering Source
switch to the Plug-In position. Reliable triggering
on the Channel 1 signal can be obtained on all
signals within the bandwidih limits of the Channel
1 Trigger Output Amplifier.

4. Connect the 10X attenuator probe to the Channel 1
INPUT connector.

5. Set the oscilloscope Amplitude Calibrator for an
output of 20mV and connect the probe tip to the oscillo-
scope calibrator output connector.

6. Set the sweep rate to display several cycles of the
calibrator waveform and set the triggering controls for
stable triggering on the external trigger source. If necessary
adjust the Channel 2 VARIABLE VOLTS/CM control so that
the waveform is exactly 4cm in amplitude. Do not move
the Channel 2 VARIABLE VOLTS/CM control or the Channel
2 VOLTS/CM switch after you have obtained the desired
deflection.

7. Disconnect the probe from the calibrator output con-
nector.

The Type 1Al is now ready to use in making signal meas-
urements, Use the Channel 1 VOLTS/CM switch .005, .01,
.02 and .05 positions in the conventional manner. The
vertical-deflection factors will be the same as the Channel
1 VOLTS/CM switch reading.
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For example, assume a vertical deflection of 3.5¢cm using
the 10X probe with the Channel 1 VOLTS/CM switch set to
.01. Substituting these values in the formula given at the
beginning of this procedure.

Volts Peak To Peak — 3.5 X .01 = 0.035 volt or 35 mV

Instantaneous Voltage Measurements

To measure the DC level at a given point on a waveform
proceed as follows:

1. Set the Channel 1 VOLTS/CM switch so that the volt-
age to be applied to the INPUT connector is not more than
about six times the switch setting.

2. Set the oscilloscope triggering and time-base controls
so that the time base free runs at the desired rate.

3. Set the Channel 1 INPUT SELECTOR switch to GND
and position the trace {with the Channel 1 POSITION con-
trol} along one of the horizontal graticule lines such as
point (B} in Fig. 3-2. This line will be used as a ground (or
zero} reference line. In any case, the reference line chosen
will depend upon the polarity and DC level of the signal
to be measured. Do not move the Channel 1 POSITION
control after the reference line has been established.
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Fig. 3-2. Measuring instantaneous voltage with respect to some
reference.

4. Set the Channel T INPUT SELECTOR switch to DC.

5. Apply the signal, preferably through a coaxial cable
or an attenuator probe, to the Channel 1 INPUT connector.

6. Set the triggering controls of the time base for a
stable display.

7. Measure the vertical distance in cm from the ground
(zero) reference line established in step 3 to the point on
the waveform that you wish to measure, such as between
(A) and (B) in Fig. 3-2. If the PULL FOR INVERT switch is
set to normal and the point on the waveform is above the
reference line, the polarity is indicated to be positive (+).
If the point is below the line, the polarity is negative (—).
If the PULL FOR INVERT switch is set to inverted, the indi-
cated polarities will be reversed.




8. Multiply the measured distance by the setting of the
VOLTS/CM switch and the attenuation factor, if any, of
the probe. This is the instantaneous DC level of the point
measured. For example, assume the vertical deflection is
4.2 cm above the reference line {see Fig. 3-2) using a 10X
attenuator probe with the PULL FOR INVERT switch set to
normal and the VOLTS/CM switch set to 2. Substitute these
values in the following formula:

Instantaneous

Volts {with Verflcgl VOLTS/ Probe
deflection CM atten-
respect to a . K X
in cm and switch vation
ground larit settin factor
reference) polanty g
Then:

Instantaneous Voltage
(with respect to a == +42 X 2 X 10 = 484 volis
ground reference)

9. To re-establish the (zero) reference line without dis-
connecting the applied signal, set the INPUT SELECTOR
switch to GND. To establish a reference other than zero,
set the INPUT SELECTOR switch to DC, touch the signal
probe to the desired reference voltage and position the
free-running sweep along one of the horizontal graticule
lines.

Voltage Comparison Measurements

In some applications you may want to establish a set of
deflection factors other than those indicated by the VOLTS/
CM switch. This is useful for comparing signals which are
exact multiples of a given voltage amplitude. The following
procedure describes how to determine deflection factors
for Channel 1. The same basic procedure can be used for
Channel 2. To establish a set of deflection factors: based
upon some specific reference amplitude, proceed as follows:

1. Apply a known-amplitude reference signal to the
Channel 1 INPUT connector and, with the Channel 1 VOLTS/
CM switch and VARIABLE VOLTS/CM control, adjust the
amplitude of the display for an exact number of graticule
divisions. Do not move the VARIABLE VOLTS/CM control
after obtaining the desired deflection.

2. Divide the amplitude of the reference signal {in volts)
by the product of the deflection in cm (established in step 1)
and the VOLTS/CM switch setting. The result is the Deflec-
tion Conversion Factor.

gerflecrtsiion . Reference signal amplitude in volts
ONerSION = {Beflection in cm) (VOLTS/CM switch seffing]

3. To calculate the True Deflection Factor at any setting
of the Channel 1T VOLTS/CM switch, multiply the VOLTS/CM
switch setting by the Deflection Conversion Factor obtained
in step 2:

De-f];;ﬁion __ [VOLTS/CM switch setting) X
Factor " (Deflection Conversion Factor}

The True Deflection Factor obtained for any setting of
the Channel 1 VOLTS/CM switch applies to Channel 1 Only,
and only if the VARIABLE VOLTS/CM control is not moved
from the position to which it was set in step 1.

@1
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For example, assume the amplitude of the reference sig-
nal applied to Channel 1 is 30 volts, the VOLTS/CM switch
is set to 5 and the VARIABLE VOLTS/CM control is adjusted
to decrease the amplitude of the display to exactly 4 em.
Then, substitute the preceding values in the Deflection Con-
version Factor and True Deflection Factor formulas:

Seeser __w
Factor R

=15

True
Deflection = (5} {1.5) = 7.5 volts/cm
Factor

4. To determine the peak-to-peak amplitude of a signal
to be compared, disconnect the reference signal and apply
the signal to Channel 1.

5. Set the Channel 1 VOLTS/CM switch to a setting that
will provide enough deflection so that a measurement can
be made.

6. Measure the vertical distance in cm and determine the
amplitude by using the following formula:

Signal Deflection Deflecti VOLTS/CM

o — Conversion X ¢ 10N 5 switch

Amplitude F in cm .
actor setting

For example, assume the signal to be compared causes a
vertical deflection of 4.5cm at a VOLTS/CM switch setting
of 10 and the VARIABLE VOLTS/CM control is not moved
from the setting used in the previous example. Then, sub-
stitute these values and a Deflection Conversion Factor of
1.5 in the Signal Amplitude formula:

Signal
Amplitude = (1.5) {4.5) (10) = 67.5 volts
(in volts)

Time-Difference Measurements

The calibrated sweep rate of the oscilloscope and the
dual-trace feature of the Type 1A1 allows measurement of the
time difference between events. Measure time difference as
follows:

1. Set the INPUT SELECTOR switches to identical set-
tings; either AC or DC depending on the type of coupling
desired.

2. Set the PULL FOR INVERT switches to normal.

3. Place the MODE switch to either CHOP or ALT, as
desired. In general, the CHOP position is more suitable for
low-frequency signals and the ALT position is more suitable
for high-frequency signals.

4. Connect a coaxial cable between the Type 1A1 CH 1
TRIGGER OUT connector and the oscilloscope Trigger Input
connector. See the NOTE following step 3 under Using
Channel 1 as a 10X Preamplifier for Channel 2 in this
section of the manual for an alternative method.

5. Set the VOLTS/CM switches so that the expected volt-
ages applied to the input connectors will provide suitable
vertical deflection on the CRT.

3-3
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é. Apply the reference signal to Channel 1 and the sig-
nal to be compared to Channel 2. Use coaxial cables or
probes having equal delay.

7. Set the oscilloscope Trigger Slope switch to externally
trigger on the signal.

8. Set the oscilloscope time-base controls for a calibrated
sweep rate which will allow accurate measurement of the
distance between the two waveforms.

9. Measure the horizontal distance between the reference
waveform and the Channel 2 waveform (see Fig. 3-3).

Chan. 1 (Reference) _Chan. 2 (Lagging)
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Fig. 3-3. Measuring time delay between pulse waveforms.

10. Multiply the distance measured for each channel by
the setting of the oscilloscope Time/Cm switch to obtain the
apparent time interval.

11. To obtain the actual time interval, divide the apparent
time interval by the amount of sweep magnification, if
sweep magnification is used, and by 1 if no sweep mag-
nification is used. The formula is as follows:

{Time/Cm switch setting) (Distance in c¢m)

Fig. 3-4. Measuring phase shift between electrical waveforms.

3. Adjust the VARIABLE VOLTS/CM controls for each
channel so the waveform amplitudes are equal and fill
the graticule area vertically. Reset the VOLTS/CM switches,
if ‘necessary, to obtain equal-amplitude waveform displays.
{Equal amplitudes are used to make comparisons easier.)

4. Use the POSITION controls to center the waveforms
vertically; that is, an equal distance each side of the grati-
cule centerline.

5. Turn the oscilloscope Variable Time/Cm control coun-
terclockwise until 1 cycle of the reference signal occupies
9 cm horizontally. Use the Trigger Slope and Triggering
Level controls to trigger on the reference waveform at any

Time Delay = Sweep Magnification

For example, assume that the Time/Cm switch setting
is 2 ps, the Magnifier is set for 5X magnification, and there
is a horizontal distance of 3cm (as shown in Fig. 3-3)
between the leading edge of the reference waveform and
the leading edge of the waveform displayed by Channel
2. Then, substitute these values in the preceding formula:

Time Delay — T

= 1.2us
Phase Measurements

Phase comparison of two signals of the same frequency
can be made using the dual-trace feature of the Type 1A1.
To make the comparison, proceed as follows:

1. Follow the procedure outlined in the first seven steps
under Time-Difference Measurements.

2. Set the oscilloscope sweep rate to obtain a display
of less than 1 cycle of the waveform.
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point you desire. Each cm on the graticule now represents
40° of 1 cycle (see Fig. 3-4).

6. Measure the horizontal distance, in c¢cm, between cor-
responding points on the waveforms. Note the distance and
whether the Channel 2 waveform is leading or lagging (see
Fig. 3-4).

7. Mdltiply the distance by 40°/cm to obtain the amount
of phase difference.

For more precise measurements, increase the previous
sweep rate, but do not change the setting of the oscillo-

Applications—Type 1Al

scope Variable Time/Cm conirol. However, you must
consider this increase in your calculations.

For example, if you increase the sweep rate by a factor
of 5, and then measure the distance between waveforms,
each cm will represent 8° (40° — 5) of a cycle. Thus,
phase difference up to 80° can be measured more accu-
rately. When preparing to make the measurement, hori-
zontally position the waveforms to points where the grafi-
cule markings aid in determining the exact distance. Fig.
3-5, for example, shows how the phase difference of the
Channel 2 waveform can be computed using this method.
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CIRCUIT DESCRIPTION
SECTION 4

Change information, if any, affecting this section can be found at the

rear of the manual.

AMPLIFIERS

Introduction

The Type 1Al Dual-Trace Plug-In Unit consists of two
switched-amplifier channels and an output amplifier. Chan-
nel 1 is identical to Channel 2 except for additional stages
which provide signal and trigger outputs for Channel 1.
Therefore, only Channel 1 is described in the following de-
scription.

NOTE

Voltages and currents given in the circuit descrip-
tion are approximate. Throughout the circuit de-
scription discussion, refer to the block and circuit
diagrams located in Section 10.

Input Coupling

The signal to be displayed is applied to Input Source
Follower Q122 via INPUT SELECTOR switch SW101 and
VOLTS/CM switch SW105. In the DC position of the IN-
PUT SELECTOR switch, input coupling capacitor C102 is by-
passed so the input is DC coupled. In the AC position,
the signal must pass through C102, which blocks the DC
component. Capacitor C102 limits the low-frequency re-
sponse to less than 2Hz at —3dB. In the GND position,
the signal path is open and the input circuit of the channel
is grounded.

Input Attenuation

VOLTS/CM switch SW105 and SW129 is a 12-position
two-section rotary switch. The first section (SW105), con-
taining attenuator networks, is electrically connected in the
gate circuit of Input Source Follower Q122; the second sec-
tion (SW129), containing emitter resistors, controls the gain
of Input Amplifier Q124/Q144. A special mechanical cou-
pling between the two sections holds the first section
(SW105) stationary while the second section (SWI129) ro-
tates through the first four positions (.005, .01, .02 and .05).
Then, the mechanical coupling transfers the switch drive
from the second section of the switch to the first section.
As a result, the second section will remain stationary at the
.05 position while the first section rotates through its posi-
tions.

In the first four positions of the VOLTS/CM switch, the
signal is coupled straight through the first section of the
switch without attenuation to the Input Source Follower
Q122. When the signal arrives at Input Amplifier Q124/
Q144, emitter resistors inserted by the second section of the
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switch set the gain of the stage and hence the amount that
the signal is amplified.

In the remaining positions of the VOLTS/CM switch (.1
through 20} individual attenuator networks are switched into
the gate circuit of Input Source Follower Q122 so the sig-
nal applied to the gate is always 0.05 volt for each centi-
mefer of CRT deflection, providing the VARIABLE VOLTS/
CM control is set to the CALIB position and the gain of the
Type 1A1 and associated oscilloscope is set properly.

The attenvator networks are frequency compensated RC
voltage dividers. Their attenuation factor can generally be
expressed as follows:

Attenuation __ tofal divider resistance (including R116)
Factor Ground-leg resistances (including R116)

Using the X2 attenuator as a specific example (see Fig. 4-1),
the formula is:

Attenuation Factor =

‘R105C) (R116) + (R105C) (RIOSE) +- (RIOSE) (R116) _
(RT05E) (116)

At low frequencies the dividers are resistive because the
impedance of the capacitors is high and their effect in the
circuit is negligible. As the frequency of the input signal
increases, however, the impedance of the capacitors de-
creases and their effect in the circuit becomes more pro-
nounced.

For high-frequency signals, the impedance of the capaci-
tors is low in comparison to the resistance of the circuit and
the attenuators become capacitive voltage dividers. For
these frequencies, the attenuation factor is similar to the
resistance case, except that the capacitive reactances are
the dominant factors involved. A variable capacitor in each
attenvator, such as Cl105C in the X2 attenuator (see Fig.
4-1), provides a method for adjusting the capacitive reac-
tance ratios equal to the resistance ratios.

The variable capacitor at the input to each attenuator
(see Fig. 4-1), provides a means for adjusting the input RC
of the attenuator to an arbitrary standard value of
15 pF x 1 MQ when using a 15 pF input time constant normal-
izer as a reference. Similarly, C104 provides a method
for normalizing the input time constant when the VOLTS/
CM switch is set to any of the input straight-thru positions.
In addition to providing the same input capacitance, the
resistance values of the attenuators are chosen to provide
an input resistance of 1 MQ for each setting of the VOLTS/
CM switch. Thus, an attenuator probe, when connected
to the input connector of the Type TA1, will work into the
same time constant to eliminate the need for readjusting
the probe capacitance compensation for different VOLTS/
CM switch settings.
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Fig. 4-1. Simplified circult diagram showing the most important components involved when calculating the X2 attenuation factor,

Input Source Follower (Q122)

Q122 is a field-effect transistor (FET) that presents a high-
impedance, low-capacitance load to the input circuit and
isolates the input from the remaining stages. Resistor R116
is the input resistor for the VOLTS/CM positions from .005
to .05, and then is part of the input attenuation network
in all positions of the VOLTS/CM switch above .05.

A network consisting of C119, R119, D118, D119 and R118
form a protection circuit in Q122 gate circuit. The resistive
component R119 limits the steady-state current if a negative-
or positive-going overload signal is inadvertently applied
to the Channel T INPUT connector. At normal signal ampli-
tudes R119 will deteriorate the high-frequency AC response.
To offset this effect, C119 is added to pass the high fre-
quency information around R119.

If a negative-going overload signal is applied to the Chan-
nel 1 INPUT connector, D119 will conduct and limit the volt-
age to —20.6V at the gate element of Q122. Zener diode
D118 sets the voltage of D119 at —20 V. If a positive-going
overload signal is applied, D122 conducts and clamps the
base of Q123 at +5.6 V.

Zener diode D121, connected between ground and the
drain elements of Q122 and Q142, clamps the drain elements
at +10V for all operating conditions.

A capacitive-coupled bootstrap circuit is connected be-
tween the source and the capacitive elements connected to
the gate of Q122 to reduce the effective capacitance of the
input circuit. By reducing the input capacitance, sufficient
adjustment range is provided for the variable input capac-
itors in the attenuators and the X1 input circuit, such as C104
for example. The input capacitance is effectively reduced
two ways: (1) By encircling Q122 gate terminal with an
etched wire and connecting this etched wire to the source
element; (2) by connecting D119 diode case lead to Q122
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source element instead of ground. {Capacitance exists be-
tween the diode case and the diode chip inside the case).

The capacitance that exists between the base of the mount-
ing posts for C119 and R119 and the etched wire that en-
circles these posts improves the response of the circuit when
a fast rising square wave is applied to the Channel T INPUT
connector.

DC Balance Source Follower (Q142)

The DC Balance Source Follower (Q142), the Input Source
Follower (Q122), and the Emitter Follower (Q123/Q143}
stages constitutes a complete symmetrical circuit for the pur-
pose of balancing out objectionable low-voltage power-sup-
ply fluctuations. Voltage variations common to the signal
circuit and the DC balance drive circuit arrive in phase at
the bases of the Input Amplifier stage (Q124/Q144) and
therefore cancel.

In the gate circuit of Q142, the .005 V/CM VAR ATTEN
BAL control (R130) is a dual concentric potentiometer with
both sections driven by the same front-panel shaft. This con-
trol has built-in backlash coupling between its two sections.
Thus, the control serves as a combined coarse-fine adjust-
ment to permit setting the DC balance drive accurately and
yet provide a wide range of coarse adjustment.

C138 bypasses any fast voltage fluctuations to ground.
C140 bypasses the chopped mode switching transients that
are induced in the ground-current loop when chopped mode
of operation is used.

First Emitter Follower (Q123/Q143)

In addition to providing a means for balancing out power-
supply fluctuations, as described previously, the First Emitter
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Follower stage (Q123/Q143) provides a low-impedance
drive to the Input Amplifier stage (Q124/Q144). The signal at
the source element of Q122 is DC coupled to the base of
Q124.

A plastic cover is placed over Q123 and Q143 to min-
imize the differential variations of ambient temperature be-
tween the transistors.

Input Amplifier (Q124/Q144)

This stage is an emitter-coupled paraphase amplifier.
It converts the single-ended input signal applied to the base
of Q124 to differential current signals at the collectors.
Both emitters are long tailed (through R127, R147, R148 and
R149) to the —150-volt supply for greater stability with re-
spect to transistor parameters.

As mentioned previously, the second section of the YOLTS/
CM switch controls the deflection factor for the first four
steps by changing the emitter resistance of this stage, thus
controlling the gain of the stage. At the .005 VOLTS/CM
POSITION, gain ratio is 10 to 1; at the .05 position, gain
ratio is 1 to 1. For the .005 position, the .005 V/CM GAIN
adjustment (R128A) is adjusted so the 10-to-1 gain ratio is
accurate. Precision resistors set the gain ratio accurately for
the three remaining steps.

To balance the emitters of Q124 and Q144 under no-sig-
nal conditions, the VOLTS/CM switch is set to the .005
position and the .005V/CM VAR ATTEN BAL control (R130)
is adjusted for no trace shift while the VARIABLE VOLTS/CM
control is rotated back and forth. After noting the posi-
tion of the trace, the VOLTS/CM switch is set to .05 and
.05 V/CM DC BAL control (R148) is adjusted to position
the trace to the previously noted position. When the stage
is correctly balanced, the emitters will be at the same volt-
age and there will be no current between emitter.resistors
regardless of the VOLTS/CM switch positions.

The valve of the collector resistors R126 and R146 is
chosen to provide proper base-emitter junction temperature
compensation for their respective transistors. CI125, Cl152
and C156 provide a means for adjusting the high-frequency
response to compensate for losses introduced by tempera-
ture compensation resistor networks and to balance the
output of the two channels.

Resistors R124, R125, R144 and R145 develop the signal
for application to the following stage.

The second Emitter Follower stage (Q153A/Q153B) cou-
ples the push-pull signal from the Input Amplifier to the
Output Amplifier first stage. In addition, the second Emit-
ter Follower stage provides the necessary low-impedance
drive for the circuit card connectors, the PULL FOR INVERT
switch (SW405), and the interconnecting leads.

When the PULL FOR INVERT switch is set to the normal (in)
position, the signal at the emitter of Q153A is coupled
via the switch contacts to the base of Q414 (Output Am-
plifier) and the signal at the emitter of Q153B is coupled
via the switch contacts to the base of Q404 (Output Am-
plifier). Thus, the display will have the same polarity as
the input signal applied to the Channel 1 connector. If
the input signal is positive-going at the Channel 1 con-
nector, for example, the display waveform will also be
positive going. However, when the switch is set to the
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invert position, the display will be inverted because the
switch reverses the signal leads to the bases of the fol-
lowing stage. Thus, a positive-going signal will be dis-
played as a negative-going waveform.

The INV BAL control (R152) in the base circuit of Q153A
DC balances the outputs of the second Emitter Follower
stage so there is no trace shift when the PULL FOR INVERT
switch is changed from normal to invert under no-signal
conditions.

Output Amplifier First Stage (Q404/Q414)

This stage is an emitter-coupled push-pull amplifier pro-
viding a total gain of about 2. Collector current for the
stage is supplied through the diode switches (see Fig. 4-2).

There are two gain controls located in the common-
emitter circuit of Q404 and Q414—VARIABLE VOLTS/CM
control (R408) and GAIN control (R409). Both controls vary
the emitter degeneration and, thus, affect the gain of the
stage. With the VOLTS/CM switch in the .05 position and
the VARIABLE VOLTS/CM control set to CALIB, the GAIN
control is adjusted so the CRT deflection agrees with the
setting of the VOLTS/CM switch. The VARIABLE VOLTS/CM
control has a gain attenuation ratio of 2.5 to 1. However,
this ratio is actually greater than 2.5 to 1 due to SW409.
As the VARIABLE VOLTS/CM control is rotated a few
degrees from the CALIB position, SW409 closes and shoris
out R409. Gain increases, thus providing overlapping cov-
erage between the calibrated VOLTS/CM switch positions.

The POSITION control (R422), connected between the
differential inputs to the diode switches, provides differ-
ential currents that act as positioning signals superimposed
on the output signal currents of Q404 and Q414. When
the POSITION control is set to its electrical center, no cur-
rent flows in either leg. When the POSITION control is
moved to either end from center, a change of about 0.6
volt per side occurs at pins 1 and 3 of the interconnecting
plug to the oscilloscope. This voltage range corresponds
to about 12 cm positioning range at the CRT.

Diode Switches

The push-pull signal from the Output Amplifier first stage
is applied to diode switches D421, D422, D423 and D424.
These diodes act like a double-pole double-throw switch.
Each pair, D421 and D422 or D423 and D424, is on while
the other pair is off. Switching of the diodes to connect
or disconnect a channel is controlled by the MODE switch
via the Switching Multivibrator in the Channel Switching
Circuit.

Assume Channel 1 is turned on [MODE switch is set to
CH 1) and the POSITION control is centered. The state of
the Switching Multivibrator (Q305 and Q315) is such that
+7.7 volts from its conducting transistor Q305 is applied
to cathode junctions of Channel 1 shunt diodes D422 and
D423 (see Fig. 4-2). The lowest voltage seen by the cathodes
of the diodes switches is 44.6 volts at the cathodes of
Channel 1 series diodes D421 and D424. The series diodes
conduct and the drop across these diodes seis their anodes
at 456 volts. The 5.6 volts reverse biases the shunt
diodes. With the series diodes conducting, the Channel
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1 signal passes through these diodes to the Output Am-
plifier second stage.

Meanwhile, +2.6 volts is applied from the Switching
Multivibrator's cutoff transistor Q315 to the cathode junc-
tions of the Channel 2 shunt diodes D452 and D453 (see
Fig. 4-2). This is the lowest voltage seen by cathodes of
the Channel 2 diode switches. As a result, Channel 2 shunt
diodes conduct and the voltage drop across the shunt diodes
sets their anode level at 4-3.6 volts. The +43.6 volts reverse
biases Channel 2 series diodes and blocks the signal from
going to the Output Amplifier second stage. With the
shunt diodes conducting, the Channel 2 signal is shunted into
the common-mode point located at the cathode junction of
the shunt diodes.

In the CH 2 position of the MODE switch, the opposite
condition exists—Channel 1 is off and Channel 2 is on
because the Switching Multivibrator changes state. The
Switching Multivibrator's cutoff transistor Q305 applies
+2.6 volts to the cathode junction of Channel 1 shunt
diodes. Under these conditions, Channel 1 shunt diodes
conduct and reverse bias the series diodes. The reverse-
biased series diodes disconnect the Channel 1 signal from
the Output Amplifier second stage. Simultaneously, Chan-
nel 2 diodes conduct and reverse bias the shunt diodes.
With Channel 2 series diodes conducting, the Channel 2
signal passes through the series diodes to the Output
Amplifier second stage.

During dual-trace operation when the MODE switch is
set to either ALT or CHOP position, the diode switches con-
nect and disconnect their respective channels to the Out-
put Amplifier second stage alternately at the same rate
as the Switching Multivibrator rate. The cycle of opera<
tion for the diode switches is as previously described.

When the MODE switch is set to ADD, the Switching
Multivibrator goes into a state in which both of its tran-
sistors are conducting simultaneously. The conducting tran-
sistors apply +7.7 volts to the cathode junctions of the
shunt diodes in both channels. As a result, the shunt diodes
reverse bias and series diodes conduct. The signals in both
channels pass through their respective series diodes and
algebraically add in the input circuit of the Output Ampli-
fier second stage.

In the ADD mode of operation, R429 is shorted by the
MODE switch, thus decreasing the effective resistance to
ground in the base and diode switch circuits. With two
channels on, the decreased resistance sets the cathode volt-
ages of the series diodes in both channels and the bases of
Q464 and Q474 to their proper levels. The voltage levels
will then be the same as those of the turned-on channel
in the other modes of operation. Proper voltage levels in
this portion of the circuitry allow the Switching Multivi-
brator to operate at its correct design levels.

Output Amplifier Second Stage (Q464/V464/
Q474/Vv474)

This stage is a push-pull, hybrid, cascode configuration.
The hybrid circuit is used to raise the +4.6-volt input level
at the bases of Q464 and Q474 to the +67.5-volt output
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level required for driving the oscilloscope vertical ampli-
fier for linear operation.

Signals applied to the bases of transistors Q464 and
Q474 cause current variations in the base-collector circuit
of the transistors. Since the transistors are connected in
series with the cathode circuit of V464 and V474 and the
grids of the tubes are at AC ground, any current variations
in the cathode circuit of the tubes produce corresponding
in-phase current signals at the plate of the tubes. The sig-
nals at the plates are then applied through pins 1 and 3
of the interconnecting plug to the oscilloscope vertical
amplifier.

Voltage signals applied to the bases of Q464 and Q474
are inverted 180° at the collectors. No phase inversion
occurs as the signals go through V464 and V474, With the
PULL FOR INVERT switch set to normal, a positive-going
signal applied to the input connector of a channel will
be positive going at pin 1 of the interconnecting plug to
the oscilloscope and negative going at pin 3 of the same
plug (see Block Diagram, Section 10 for signal polarity
comparisons).

Variable peaking inductors L460 and L470 in the base
circuit of Q464 and Q474 provide interstage high-frequency
compensation adjustments for the high frequencies. Variable
capacitors C466 and C476 are emitter compensation adjust-
ments for the high frequencies.

Resistors R464 and R474 aid in matching the output
impedance of the Type 1Al to the input impedance of the
oscilloscope vertical amplifier.

Channel 1 Signal Pickoff Emitter Follower
(Q163/Q173)

The Channel 1 signal is taken off in a push-pull fashion
from the emitters of the second Emitter Follower stage
(Q153A/Q153B). This is the signal which is applied to the
Channel 1 Signal Pickoff Emitter Follower stage (Q163/
Q173) and then to the following stages for use as Chan-
nel 1 Signal and Trigger outputs from the Type 1Al.

The reasons for taking the signal off at the emitters of
QI153A and QI153B are as follows:

1. The emitters are low-impedance points where the
signal can be extracted with least effect on the bandwidth
or transient response of the Type TAl.

2. The takeoff points are isolated from the diode switches.

3. A gain of 10 is obtained through the Input Amplifier
stage when the VOLTS/CM switch is set to the .005 posi-
tion.

4. The push-pull takeoff signal is not affected by use
of the PULL FOR INVERT switch, POSITION control, VARI-
ABLE VOLTS/CM control, GAIN control or MODE switch.

5. By using push-pull takeoff, common-mode signals such
as noise, hum and DC drift are cancelled in the common
collector circuit of Q163 and Q173, and in the common
emitter circuit of Q164 and Q174.
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Channel 1 Signal Pickoff Amplifier (Q164/
Q174)

Q164 and Q174 with its associated circuitry is a push-
pull amplifier for the Channel 1 signal arriving from the
emitter of Q163 and Q173. Voltage gain for the stage
is about 2 for Q164 and about 6 for Q174. In the collector
circuit of Q164 the signal at the junction of R164 and R165
is applied to the CH 1 SIGNAL OUT connector. The
polarity of the signal at the connector is the same as that
of the signal applied to the Channel 1 INPUT connector.

Output DC level of the signal at the CH 1 SIGNAL OUT
connector is about -0.45 volt.

Channel 1 Trigger Output Amplifier (Q184/
Q194)

The Channel 1 takeoff signal which is used as a trigger
output source, is obtained from the junction of divider
resistors R174 and R175 in the collector circuit of Q174.
This trigger takeoff signal is applied to the bases of Q184
and Q194,

Transistors Q184 and Q194 with associated circuitry
form a complementary amplifier having a signal-voltage
gain of about 3.3. The outputs from these two transistors
are combined to produce a single-ended signal. This sig-
nal, which is used as a trigger source, is applied to the
CH 1 TRIGGER OUT connector and to pin 5 of the inter-
connecting plug to the oscilloscope.

The trigger at pin 5 is available for use as an internal
trigger source. However, to make use of this trigger, the
associated oscilloscope must be capable of selecting it with
a Triggering Source switch. If the Channel 1 trigger cannot
be selected internally, external triggering must be .used
instead. The Channel 1 trigger has the same polarity as
the signal applied to the Channel 1 INPUT connector.
Output DC level is approximately zero volts.

SWITCHING CIRCUIT

Selection of the input channel whose output is to be
applied to the Output Amplifier is accomplished by the
Switching Circuit. The Switching Circuit consists of the
following stages in order: Switching Multivibrator Q305/
Q315, Alternate Trigger (Blocking Oscillater) Q330, and the
Blanking Multivibrator Q343/Q353.

Switching Multivibrator (Q305/Q315)

The Switching Multivibrator stage (Q305/Q315) is basical-
ly a bistable circuit that switches Channels 1 and 2 in the
Type 1A1. When Q305 conducts, Channel 1 signal or trace
is displayed. When Q315 conducts, Channel 2 signal or
trace is displayed. The setting of the MODE switch deter-
mines whether the Switching Multivibrator rests in one of
its stable states (CH 1 or CH 2), is astable (CHOP), is
bistable (ALT—base triggered by the alternate trigger
pulse), or is dual-conducting {ADD).

(1) CH 1, CH 2

Assume that the MODE switch is set to CH 1. In this
position, base-biasing network R302, R303 and R304 in the
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base circuit of Q305 is grounded at the switch end of
R302. A similar network in the base circuit of Q315 is
connected to +39 volts at the switch end of R312. The
MODE switch disconnects emitter resistors R301 and R311
from the -+39-volt supply. As a result, both emitters are now
returned to -39 volts through D301, D311 and R300. Under
these conditions, the Q315 base-biasing network cuts off
Q315 and the base biasing network for Q305 turns on
Q305. Diode D303 is conducting while D313 is reverse
biased. These diodes control the base impedance of their
respective transistors so that proper currents are provided
for the operation of transistors in each of their states.

With Q305 conducting, its collector rests at 47.7 volts;
the collector voltage of Q315 during cutoff is +2.6 volts.
As described earlier, the +7.7 volts reverse biases the
Channel 1 shunt switching diodes D422 and D423. Chan-
nel 1 series diodes D421 and D424 are forward biased
and they connect Channel 1 Input Amplifier to the Output
Amplifier. Simultaneously, the +2.6 volts at the collector
of Q315 causes Channel 2 shunt diodes D452 and D453
to become forward biased and series diodes D451 and
D454 to become reverse biased. Thus, Channel 2 Input
Amplifier is disconnected from the Output Amplifier.

If the MODE switch is set to the CH 2 position, just the
opposite occurs. The MODE switch connections cause Q305
to cut off and Q315 to conduct. Diode D303 becomes
reverse biased and D313 forward biases. Then, the +2.6
volts at the collector of Q305 causes the Channel 1 diode
switches to disconnect Channel 1 from the Output Ampli-
fier. At the same fime, the +7.7 volts at the collector
of Q315 causes Channel 2 diode switches to connect Chan-
nel 2 to the Output Amplifier.

(2) Alternate Mode of Operation

When the MODE switch is set to the ALT position, the
Switching Multivibrator becomes a bistable circuit. Initially,
the circuit is resting in one of its stable states. When trig-
gered by a pésitive-going pulse applied to the junction of
diodes D308 and D318, the circuit switches to its other
stable state, and remains there until triggered again.

With the MODE switch set to ALT, the switch ends of
R302 and R312 in both base-biasing networks are con-
nected to +39 volts. The emitters are tied to a common
point through D301 and D311 at R300. Using this method
of biasing, the Switching Multivibrator is converted into a
bistable circuit. With initial application of DC power, one
of the transistors begins to conduct first while the other
is cut off. Regenerative action causes the conducting tran-
sistor to saturate, holding the other transistor in cutoff. Thus,
the circuit initially rests in one of its stable states.

At the end of each sweep a positive-going trigger is
generated by the time-base circuit in the oscilloscope. This
alternate trace sync pulse is applied via the oscilloscope
Sync Amplifier tube cathode circuit to pin 8 of the inter-
connecting plug. The sync pulse goes through pin 8 of the
plug and then through a single-pin connector on the Out-
put Amplifier board connector to the Alternate Trigger
Blocking Oscillator stage (Q330). A positive-going trigger
of suitable waveshape and amplitude is generated in the
output winding of T330. The trigger is then applied to the
junction of diodes D308 and D318. The trigger forward
biases both diodes and goes through the diodes to the
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bases of both transistors in the Switching Multivibrator stage.
The trigger affects only the conducting transistor in the
stage.

Assume for this discussion that Q305 is conducting and
Q315 is cut off. Since Q305 is conducting, it is affected
by the trigger. The trigger causes Q305 collector current
to decrease, which decreases collector voltage. The decreas-
ing voltage is applied via C306 to the base of Q315, caus-
ing it to conduct. Q315 collector current increases, caus-
ing more positive voltage to be applied via C316 to the
base of Q305. This regenerative feedback continues until
Q315 is driven into saturation and Q305 is cut off.

Since the Switching Multivibrator controls the diode
switches, Channel 1 is turned off as Q305 cuts off and
Channel 2 is turned on as Q315 is driven into saturation,
thus completing one-half cycle of the Switching Multivi-
brator action. For the other half cycle, the next trigger
applied through diodes D308 and D318 will cause Q315
to decrease its collector current and the regenerative feed-
back action finally causes Q305 to saturate and Q315
to cut off. As a result, Channel 2 is turned off and Chan-
nel 1 is turned on.

By rapidly coupling the changing voltages to the bases
of the transistors in the Switching Multivibrator, capaci-
tors C306 and C316 speed up the regenerative feedback
action and ensure rapid switching of the transistors.

In the alternate mode of operation, diodes D301 and
D311 are forward biased, effectively shorting out C301
and C311. Thus, no pulses from the Switching Multivibrator
are coupled through these capacitors to drive the Blank-
ing Multivibrator stage. Since the channels switch states
during the retrace interval and the trace is already blanked
out by the oscilloscope circuitry, no blanking pulses from
the Type 1Al are needed.

In an oscilloscope which has an alternate sweep feature,
the two time bases in the oscilloscope can be displayed
alternately on the CRT by setting the oscilloscope Hori-
zontal Display switch to the Alternate (A and B} position.
In this position of the switch the A and B sweep generators
are alternately generating sweeps. During the time that
the B Sweep Generator is generating ifs sweep, this same
generator also produces a negative-going (+45 volts to
ground) slave pulse. The pulse is applied to pin 7 of the
interconnecting plug between the oscilloscope and the Type
1Al. From pin 7 of the interconnecting plug the pulse is
applied through pin X of the Output Amplifier card to the
junction of R313 and D313 via C313.

The negative-going slave pulse, applied to the junction
of R313 and D313, ensures that Q315 is triggered into
conduction so that Channel 2 turns on while the B Sweep
Generator is generating its sweep. While Channel 2 is on,
Channel 1 is off because Q305 is cut off. At the end of
the B sweep, the slave signal terminates and the alternate
trace sync pulse from the B Sweep Generator triggers the
Alternate Trigger Blocking Oscillator. The trigger from the
Alternate Trigger Blocking Oscillator drives Q315 toward
cutoff, turning Channel 2 off and Channel 1 on. During
the time that Channel 1 is on, A Sweep Generator is gen-
erating its sweep so the signal in Channel 1 can be dis-
played. Channel 2, meanwhile, is turned off as long as
Q315 is cut off.
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(3) Chopped Mode of Operation

When the MODE switch is set to the CHOP position, the
Switching Multivibrator becomes an astable circuit. It free
runs at approximately a 1 MHz rate, driving the diode
switches at the same rate. The diode switches alternately
turn the channels off and on. Thus, each channel is on for
about 0.5 us while the other is off the same amount of
time.

With the MODE switch set to the CHOP position, the
base-biasing networks are connected to 39 volts, the
same as for alternate mode of operation. The junction of
emitter resistors R301 and R311 is now connected via the
MODE switch to +39 volts. In addition, the switch end of
R300 is grounded to reverse bias D301 and D311. The
reverse-biased diodes remove the low-impedance path from
across coupling capacitors €301 and C311. These capaci-
tors AC couple the emitters together to make the Switching
Multivibrator free run at a rate determined by the resistance
and capacitance values used in the emitter circuits.

Each time the Switching Multivibrator switches states, a
fast negative-going pulse followed by a slow-rise positive-
going ramp is produced at the junction of C301 and C311.
The ramp rises in amplitude until the Switching Multivibra-
tor switches states, then the cycle is repeated. This ramp-
type pulse at the junction of the capacitors is the algebraic
addition of the timing voltage signals developed at the
emitters of the transistors. The ramp pulse is applied to
the base of Q343 in the Blanking Multivibrator stage.

(4) Added Mode Of Operation

Setting the MODE switch to the ADD position grounds the
swifch end of R302 and R312 of the base-biasing networks.
The MODE switch disconnects the switch end of emitter resis-
tors R301 and R311 from +39 volts. Instead, the emitter of
the transistors are now tied through forward-biased diodes
D301 and D311 to R300. The switch end of R300 is con-
nected to +39 volts via the MODE switch to apply forward-
bias voltage to the diodes. The bases of both transistors
are lowered toward ground since the switch ends of R302
and R312 are tied to ground. As a result, both transistors
go into conduction simultaneously. With both transistors
conducting, both channels are turned on via their respective
diode switches.

In order to make the diode switches operate properly in
the ADD position, the collectors of Q305 and Q315 must be
raised to about the same level as the collector level of the
single conducting transistor in the other modes of operation.
To raise the collector level, the switch end of R321 is dis-
connected from ground so it can be connected in series with
R322. Resistor R322 raises the voltage level at the collectors
to the normal +7.7-volt level.

Alternate Trigger Blocking Oscillator (Q330)

The main function of the Alternate Trigger Blocking
Oscillator stage (Q330) is to provide a fast positive-going
trigger of definite shape and energy content for triggering
the Switching Multivibrator in alternate mode of operation.
Reshaping the trigger assures that the Type 1A1 will function
properly with any oscilloscope capable of accepting the
unit.
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When the MODE switch is set to the ALT position, the
MODE switch connects +225 volts via R355 and pin 16 of
the interconnecting plug to the plate of the Sync Amplifier
fube in the oscilloscope circuitry. The Sync Amplifier stage
operates as a cathode follower when the Type 1A1 is used
with the oscilloscope, because the base winding of T330 is
connected in the cathode circuit of the tube. The connection
is made via a single-pin connector on the Output Amplifier
card connector and pin 8 of the interconnecting plug.

In its quiescent state, Q330 is not conducting. At the end
of each sweep cycle a positive-going pulse is generated
in the base winding of T330, causing Q330 to conduct. The
collector winding of T330 supplies regenerative feedback
to the base winding to drive Q330 into saturation, and col-
lector current ceases to increase.

Since the collector current becomes constant, no feedback
voltage is induced, Q330 is reverse biased, and the collaps-
ing field produces a slight backswing voltage. During the
time that the Alternate Trigger Blocking Oscillator is going
through its cycle, the approximate voltage induced in the
output tertiary winding is about a 2-volt positive-going
pulse which is applied to the Switching Multivibrator stage.
This is the trigger which flips the Switching Multivibrator.
The Switching Multivibrator in turn, switches the channels
via the diode switches.

Diode D330 is in Output Amplifier cards Model 4-up to
clip the slight backswing voltage caused by the collapsing
field of T330. This prevents double triggering of the Switch-
ing Multivibrator.

The dots above the individual T330 windings, as shown
on the schematic diagram, are phasing dots. They show
that there is no phase reversal if pulse polarities are com-
pared between the dot end of the windings. However, there
is a phase reversal if the signal at the dot end of one wind-
ing is compared with the signal at the no-dot end of the
other windings. The signals can be compared between the
ends of the windings that are not at AC or DC ground.

When the MODE switch is set to any position other than
ALT, the 4225 volts is disconnected from the switch end of
R355. The result is that the Sync Amplifier stage in the
oscilloscope no longer functions as a cathode follower to
drive the Alternate Trigger Blocking Oscillator stage. Since
the Alternate Trigger Blocking Oscillator stage is not being
driven, the stage is inoperative during these modes of
operation.

Blanking Multivibrator (Q343/Q353)

The Blanking Multivibrator stage Q343/Q353 is a mono-
stable, common-emitter, collector-to-base clamp multivibrator.
When triggered during chopped mode of operation, this
stage produces a blanking pulse of sufficient amplitude and
duration to blank the beam during the switching interval.
Timing of the switching and blanking multivibrators in the
Switching Circuit of the Type 1A1 allows for the delay in the
vertical amplifier of the oscilloscope. That is, the blanking
pulse arrives at the CRT cathode at the same time that the
switching-transient portion of the composite signal arrives
at the vertical deflection plates. Correct timing and wave-
shape assures that the beam is blanked out during the
switching fime between channels. However, due to the
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nature of the circuitry, some intensification of the unblanked
trace does occur during the sweep.

Setting the MODE switch to the CHOP position causes
the Switching Multivibrator to free run, as stated earlier.
The ramp pulses at the junction of C301 and C311 are
applied through R341 to the base of Q343 in the Blank-
ing Multivibrator stage.

In its quiescent state Q343 is cut off and Q353 is con-
ducting. C343 is charged to about +12.5 volts at the base
of Q353; clamp diode D345 is forward biased by about
0.2 volt. The instant that the Switching Multivibrator switches
states, the ramp pulse terminates as it drops rapidly from
its peak amplitude. The terminating ramp causes the volt-
age at the base of Q343 to drop from 412.7 volts to about
+11 volts. This sudden drop in voltage drives Q343 into
conduction. The rise in voltage at the collector of Q343 is
coupled to the base of Q353. D345 unclamps and Q353
goes toward cutoff. With D345 unclamped, C343 discharges
at a constant rate through R345 toward the —150-volt
supply. Finally, a point is reached where Q353 is cut off.
At about this time D345 conducts and clamps the base of
Q353 at +12.5 volts, thus completing the first half of the
cycle. For the last half of the cycle the ramp at the base
of Q343 causes Q343 to go from saturation to cutoff as
Q353 goes into conduction. Near the end of the cycle, the
ramp pulse drives Q343 into cutoff. Then, the ramp pulse
terminates and begins its slow rise to repeat the cycle.

Negative-going blanking pulses, about é volts or more in
amplitude, are produced at the collector of Q353. The pulse
reaches its peak about 0.25 s after the Switching Multi-
vibrator has triggered the Blanking Multivibrator. The 0.25-
ps delay equals the delay of the applied signal as it goes
through the vertical amplifier and delay line of the oscillo-
scope. Thus, the switching portion of the signal and the
blanking pulse arrive at the same time at the CRT.

To get the pulse to the CRT, the pulse at the collector of
Q353 is coupled through C353 and then through a single-
pin connector on the Output Amplifier card to pin 16 of the
interconnecting plug. From pin 16 the blanking pulse goes to
the plate circuit of the Sync Amplifier tube in the oscillo-
scope. This tube is inoperative as a Sync Amplifier [or a
cathode follower] during this mode of operation. The com-
ponents in the plate circuit of the tube combined with
R355 in the Type 1A1 Blanking Multivibrator stage form an
RC coupling network to couple the pulse to the grid of the
Blanking Amplifier, the pulse is applied through the CRT
Cathode Selector switch to the cathode of the CRT to blank
the beam during the time that the channels switch.

Diode D353 is in Quiput Amplifier cards Model 7-up to
protect Q353 from being damaged by the large transients
which occur at some positions of the MODE switch.

If the MODE switch is set to the ALT position, no pulses
from the Switching Multivibrator stage are coupled through
C302 and C311 to the Blanking Multivibrator. Conduction
of diodes D301 and D311 effectively shorts out the coupling
capacitors, thus, preventing the pulses from triggering the
Blanking Multivibrator. Shorting out the coupling capacitors
is an indirect result obtained when the Switching Multivibra-
tor functions as a bistable circuit in the alternate mode. On
the other hand, no blanking pulses need be generated in this
mode because switching from channel to channel occurs
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during the retrace interval when the trace is already
blanked.

In alternate mode of operation as well as all other modes
except chopped, the Blanking Multivibrator remains in its
quiescent state since no blanking pulses are needed or ap-
plied.

HEATER CIRCUIT

The heaters in the Type 1Al are supplied with direct cur-
rent from the 4+100-volt regulated supply in the oscilloscope.
This DC source prevents the possibility of é0-hertz cathode
modulation, which might result if the heaters were supplied
with alternating current,

Power for the heater circuit (+75V at about 150 mA) is
obtained from pin 15 of the interconnecting plug to the
oscilloscope. The +75 volts is obtained from the +100-volt
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regulated supply by dropping 25 volts either across two
tubes or a resistor in the oscilloscope, depending on whether
the oscilloscope has two time bases or one.

The nuvistors in the Type 1Al draw about 135 mA which
leaves about 15mA to be shunted through R494. In the
heater-string branch circuit, the total drop of the heaters,
including R491 and R492, connected in series is about 36 volts.
This 36-volt drop leaves about 39 volts which is applied
to the Channel 1 and 2 emitter Follower stages, and the
switching circuit. Resistors R493 and R499 aid in keeping the
current constant in the heater-string branch circuit for the
various modes of operation. The +39 volts is also divided up
to provide 411 volts at the junction of R495 and R496 to
power Channel 1 and 2 Input Amplifiers. In addition, it is
used for setting the grid potential of V464 and V474 in the
Output Amplifers second stage. At the junction of R496 and
R497 the + 5 volts available at this point is applied to the
cathodes of protection diodes D122 and D222 in the base
circuits of Q123 and Q223.



Type 1A1

SECTION 5
MAINTENANCE

Change information, if any, affecting this section will be found at the

rear of the manual.

Introduction

This section contains maintenance instructions for the Type
1A1. The main topics are preventive maintenance, corrective
maintenance and troubleshooting information.

PREVENTIVE MAINTENANCE

General

Preventive maintenance consists of cleaning, visual inspec-
tion, lubrication and, if needed, recalibration. Preventive
maintenance is generally more economical than corrective
maintenance, since preventive maintenance can usually be
done during idle periods at a time convenient to the user.
The preventive maintence schedule established for the instru-
ment should be based on the amount of use and the en-
vironment in which the instrument is used.

Cleaning

The Type 1Al should be cleaned as often as operating
conditions require. The oscilloscope side panels and air
filter provide some protection against dust accumulating' in
the interior of the unit, but a small amount if dust is still
brought in by the circulating air. Dust on the circuit com-
ponents can cause component overheating. Clean the unit
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
some components). Hardened dirt and grease may be re-
moved with a cotton-tipped swab or a soft cloth dampened
with water and 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. Store the unit in a dust-tight covering
when not in use.

To clean the contacts on the Amplifier cards, use a cotton
tipped swab dipped in a solvent such as socal or fotocol. Do
not use any solvent that might leave a residue. An ordinary
pencil eraser, if used very lightly, is also useful for cleaning
the contacts. Do not use an ink eraser or abrasive-type
cleaners because of the possibility of removing the gold
plating. If the copper coating under the gold plating is
exposed, corrosion may result.

Lubrication

The life of rotary switches is lengthened if they are properly
lubricated. Use a cleaning type lubricant (such as Cramoline)
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on shaft bushings, plug-in connector contacts, and switch con-
tacts. Lubricate the switch detents with a heavier grease
(Beacon grease No. 325 or equivalent). The necessary mater-
ials 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 unit should be carefully inspected
for such defects as poor connections, damaged parts, im-
properly seated tubes or transistors, The remedy for most
visible defects is obvious; however, if heat-damaged parts
are discovered, determine the case of overheating before
the damaged parts are replaced. Otherwise, the damage
may be repeated.

Tobe and Transistor Checks

Periodic preventive maintenance checks consisting only of
removing the tubes and transitors from the unit and testing
them in a tester are not recommended. The circuits within
the unit provide the only satisfactory means of checking
tube and transistor performance. Defective tubes or tran-
sistors will usually be detected during recalibration of the
unit. If the transistors are removed from their sockets, they
should be returned to the same sockets. The transistor pairs
in the plastic thermal covers should be oriented as originally
found. The tab on the FET's should face the same direction
as originally found (see Fig. 5-1). Details of in-circuit tube
and transistor checks are given in the troubleshooting pro-
cedures later in this section.

Recalibration

To ensure accurate measurements, the calibration of the
Type 1Al should be checked after each 500 hours of oper-
ation or every six months if the unit is used intermittently. The
performance check or calibration procedure is helpful in
isolating major troubles in the unit. Moreover, minor trou-
bles not apparent during regular operation are frequently
revealed and can be corrected during recalibration. Com-
plete performance check and calibration instructions are
contained in Section 6 and 7 respectively.

CORRECTIVE MAINTENANCE

General

Corrective maintenance consists of component replacement
and plug-in unit repairs. Special techniques or procedures

5-1
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TRANSISTORS

NUVISTORS FIELD EFFECT TRANSISTORS

METAL CASED DIODES

Case " Anode

Cathode

Fig. 5-1. Lead configuration for transistors, nuvistors, and metal cased diodes (D119 and D219).

required to replace certain components in the unit are de-
scribed here.

Obtaining Replacement Parts

Standard Parts. All electrical and mechanical part-re-
placements for the Type 1Al can be obtained through
your local Tektronix Field Office or representative. However,
many of the standard electronic components can be ob-
tained locally in less time than is required to order them
from Tektronix, Inc. Before purchasing or ordering replace-
ment parts, consult the Electrical Parts List for value, toler-
ance and rating.
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NOTE

When selecting replacement parts, it is important
to remember that the physical size and shape of a
component may affect its performance at high fre-
quencies. All replacement parts should be direct
replacements unless it is known that a different
component will not adversley affect the Type 1A1
performance.

Special Parts. In addition to the standard electronic com-
ponents, some special parts are used in the Type 1A1. These
parts are manufactured or selected by Tektronix, Inc. to
meet specific performance requirements, or are manufactured
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for Tektronix, Inc. in accordance with our specifications.
These special parts are indicated in the Part List by an aster-
isk preceding the part number. Most of the mechanical
parts used in this instrument have been manufactured by
Tektronix, Inc. Order all special parts directly from your
your Tektronix Field Office or representative.

Ordering Parts. When ordering replacement parts from
Tektronix, include the following information:

1. Type 1Al plug-in unit and serial number of the unit.

2. A description of the part [if electrical, include circuit
number).

3. Tektronix Part Number.

Soldering Techniques

Replacing Components on the Circuit Cards.’ Use ordin-
ary electronic grade 60/40 solder and a 35- to 40-watt
pencil soldering iron with a g-inch wide chisel tip. The tip
of the iron should be clean and properly tinned for rapid
heat transfer to a soldered connection. Use of a higher
wattage soldering iron increases the danger of ruining the
bond between the etched wiring and base material by char-
ring the glass epoxy laminate. Component replacement
technique is as follows:

1. To remove a defective component, cut the leads near
the body. This frees the leads for individual unsoldering.

2. Grip the lead with needle-nose pliers. Apply the tin-
ned tip of the soldering iron to the lead between the pliers
and the solder joint; then pull gently.

3. When the solder first begins to melt, the lead will
come out, leaving a clean hole. If the hole is not clean,
use the soldering iron and a toothpick or a piece of enamel
wire to open the terminal hole. Do not attempt to drill the
solder out since the plating inside the hole might be de-
stroyed.

4. Clean the leads on the new component and bend them
to the correct shape. Carefully insert the leads into the holes
from which the defective component was removed.

5. Hold the leads of diodes with tweezers or needle-nose
pliers to form a heat sink. Apply the iron for a short time
at each connection on the side of the board opposite the com-
ponent fo properly seat the component.

6. Apply the iron and a little solder to the connections
to finish the solder joint.

7. Clean the flux from the solder joint with a flux-remover
solvent to maintain good environmental characteristics and
appearance,

CAUTION

The etched wire (on the Channel 1 and Channel
2 input circuit board) ‘that encircles the gate ter-
minal of Q122 (or Q222) must never be soldered
to the gate terminal of the FET.

A card is essentially a circuit board that can be plugged into a
socket; the socket is used to make circuit conncctions to the card.
A circuit board, on the other hand, is fastened with screws to a
permanent mount; connections to a circuit board are made by pin
connectors and/or soldered leads to the board.

0]

Maintenance—Type 1A1

Soldering to Metal Terminals. When soldering to metal
terminals {e.g., switch terminals, potentiometers, etc), ordin-
ary 60/40 solder can be used. The soldering iron should
have a 40- to 75-watt rating with a Yg-inch wide channel-
shaped tip.

Observe the following precautions when soldering to
metal terminals.

1. Apply only enough heat to make the solder flow freely.

2. Apply only enough solder to form a solid connection.
Excess solder may impair the function of the part.

3. If a wire extends beyond the solder point, clip off the
excess.

4. Clean the flux from the solder joint as previously de-
scribed.

Removing And Installing Circuit Cards

The circuit cards are the plug-in type and can be re-
moved easily as follows:

1. Unplug the ground lead and the leads which individ-
vally plug into the card.

To remove the Channel 1 and Channel 2.card, move the
spring clip out of the notch in the side of the card to per-
mit removal of the card. To remove the Output Amplifier
card, remove the securing rod by removing the knob first.

3. Unplug the card and lift it out.

4. To install the card, plug it into the connector. Plug
the leads into the card. For the Channel 1 and 2 card, check
that the spring clip drops into the notch; for the Output
Amplifier card, check that the securing rod is properly in-
stalled.

Removing And Installing The Input Circuit
Boards

The Channel 1 and Channel 2 Input Circuit boards can be
removed from the plug-in unit using the procedures given
here and referring to the illustrations of the boards provided
later in this section.

1. Remove the quick disconnects by the two transistors
in the plastic cover located on the amplifier card.

2. Unsolder the three leads on the upper side of the in-
put circuit board.

3. Unscrew the two hold-down screws that hold the board
in place. Note the sequence of washers and spacer on the
hold-down screws.

4. Grasp the board and tip the outer edge upward, ex-
posing the connections on the underside.

5. Remove the quick disconnects on the underside of the
beard.

6. Lift the board from the plug-in unit,

7. To install the board make the connections to the under-
side of the board first. Mount the beard in place and secure
it with the hold-down screws. Resolder the connections on
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the top of the board and fasten the quick disconnects by
the two fransistors in the plastic case.

Removing And Replacing Switches

If the INPUT SELECTOR switch is defective, remove and
replace the switch. Use normal care in disconnecting and
reconnecting the leads.

Single wafers or mechanical parts on rotary switches are
not normally replaced. If the switch is defective, the entire
switch should be replaced. The VOLTS/CM and MODE
switches can be ordered through your Tekironix Field Office
either unwired or wired, as desired. Refer to the Electrical
Parts List to find the unwired and wired switch part numbers.

CAUTION

When disconnecting the leads to a wafer-type
switch, do not let solder flow around and beyond
the rivet on the switch terminal. Excessive solder
can destroy the spring tension of the contact.

Circuit Board Replacement

If a circuit board is damaged beyond repair it is recom-
mended that a circuit board completely wired with com-
ponents mounted be obtained using the normal ordering
procedure. If desired a circuit board without components is
also available. Refer to the Mechanical Parts List for the
part number of either board.

The circuit boards can be removed and installed using
the procedures given in this section.

TROUBLESHOOTING

Introduction

The following information is provided to facilitate trou-
bleshooting the Type 1Al. Information contained in other
sections of this manual should be used in conjunction with
the following information to aid in locating the defective
component or other cause of trouble.

Troubleshooting Aids

Diagrams. Circuit diagrams are shown on foldout pages
in Section 10. The circuit number and electrical value of
each component in this unit are indicated on the diagrams.
Important voltages and waveforms are also shown.

Coding of Switch Wafers

Switch wafers shown on the circuit diagrams are coded
to actual switches. The number portion of the code refers
to the wafer number on the switch assembly. Wafers are
numbered from the first wafer located behind the detent sec-
tion of the switch to the last wafer. The letters F and R in-
dicate whether the front or the rear of the wafer is used to
perform the particular switching function. For example, 2R
of the VOLTS/CM switch is the second wafer when counting
back from the detent section, and R is the rear side of the
wafer.
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Wiring Color Code

All insulated wire used in the Type 1Al is color coded
to facilitate circuit tracing. The widest color stripe identi-
fies the first color of the code. Power-supply voltages can be
identified by three color stripes and the following back-
ground color code; white, positive voltage; tan, negative
voltage. Table 5-1 shows the wiring color code for the power-
supply voltages used in the Type 1Al. The remainder of the
wiring in the Type 1Al is color coded with two or less
stripes, or has a solid background with no stripes. The color
coding helps to trace a wire from one point in the instru-
ment to another.

TABLE 5-1
Supply Back- 1st 2nd 3rd
ground Stripe Stripe Stripe
—150 volt | Tan Red Brown Red
+ 75 volt | White Brown Brown Green
+100 volt | White Black Violet Green
+225 volt | White Brown Brown Black

Resistor Color Code

A number of precision metal-film resistors are used in
this instrument. These resistors can be identified by their
gray body color. If a metal-film resistor has a value in-
dicated by three significant figures and a multiplier, it will
be color-coded according to the EIA standard resistor color
code. It has a value indicated by four significant figures and
a multiplier, the value will be printed on the body of the
resistor. For example, a 333-kQ resistor will be color-coded,
but a 333.5-kQ resistor will have its value printed on the
body. The color-code sequence is shown in Fig. 5-2.

Troubleshooting Techniques

This troubleshooting procedure is arranged in an order
which checks the simple trouble possibilities before proceed-
ing with more detailed troubleshooting. The first few checks
assure proper connection, operation and calibration. If
the trouble is not located by these checks, the remaining
steps aid in isolating the trouble to a particular circuit; then
the circuit must be checked to locate the defect in the cir-
cuit. When the defect is located, the repair should be made
using the information previously provided in the Corrective
Maintenance portion of this section.

Check Front-Panel Control Settings

Incorrect control settings can indicate a trouble that does
not exist. For example, an incorrect setting of the VARIABLE
control for one channel appears as incorrect gain. If there
is any question about the correct function or operation of
any control, see the Operating Instructions section for the
Type 1Al or the associated oscilloscope.

Isolate Trouble to Type 1A1 or Oscilloscope

When following a troubleshooting procedure, it is as-
sumed that the oscilloscope used with the Type 1Al is op-
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Composition Resistors:

Ceramic Capacitors:

@@ and @ —1st, 2nd and 3rd significant figures;
® —multiplier; ® —tolerance;

Resistor and Capacitor Color Code

Signifi- Multiplier Tolerance
cant Resis- |Capaci-{ Resis- Capaci-
Color Figures | tors tors tors tors
Silver 10-* +10%
Gold 10-* +5%
Black 0 1 1 - =+20% or
2 pF*
Brown 1 10 10 1% +19% or
0.1 pF*
Red 2 102 102 +29% +2%
Orange 3 108 102 +3% +3%
Yellow 4 10¢ 10¢ +4% +100%
—0%
Green 5 10° 10° +05% | *=5% or
0.5 pF*
Blue 6 10 10°
Violet 7
Gray 8 --- 10-2 --- +80%
—20%
or 0.25 pF*
White 9 10* +10% or
1 pF*
(none) +20% | =10% or
1 pF*

—temperature coefficient. NOTE:
manufacturer and capacitor type. May not be present in some cases.

*For capacitance of 10 pF or less.

and/or color code for capacitors depends upon

Fig. 5-2. Color code for resistors and ceramic capacitors.

erating normally. Since this is not always the case, check
the operation of the oscilloscope before attempting to
troubleshoot the Type 1Al.

Troubles occurring in the oscilloscope can usually be de-
tected by substituling another plug-in unit for the Type
1Al—preferably another Type 1Al or a Type 1A4 which
is working normally. Then, such troubles as loss of alter-
nate trace sync pulses, improper chopped blanking or loss
of the slave pulse can be readily isolated to either the
plug-in unit or the oscilloscope. If a substitute unit is not
available, multi-trace troubles can be isolated by using an-
other oscilloscope as a test oscilloscope for signal-tracing
the Type TAI.

NOTE

The power input to the oscilloscope used with the
Type 1AT must be within voltage and harmonic-
distortion limits. This ensures that the oscilloscope
low-voltage power supplies will regulate properly.

Test Equipment

Following is a list of equipment useful in troubleshoot-
ing the Type 1Al.

1. Transistor tester. Tektronix Type 575 Transistor-Curve
Tracer to test transistors and diodes used in the Type 1Al.
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2. VOM or VTVM. VOM DC sensitivity should be at least
20,000 ohms per volt; DC voltage accuracy for either the
VOM or VTM should be within 3% for precision and gen-
eral purpose use—can also be used to check transistors
and diodes if used with care. Not recommended as a sub-
stitute for a good transistor and diode tester.

3. 0 to 2 milliameter for determining full-scale current
delivered by the VOM or VTVM on ohmmeter ranges used
for semiconductor testing.

4. Test oscilloscope with a 10X attenuator probe: Band-
width, DC to about 300 kHz or better. Calibrated vertical
deflection factors down to 5 mV/em without a 10X probe
{50 mV/cm and an input resistance of 10 MQ with a 10X
probe). An external trigger input connector on the test os-
cilloscope is desirable. Used for low-frequency signal tracing
and to check DC levels in each amplifier stage. Can be used
to signal trace the switching circuits if bandwidth limitation
is considered.

5. Wide-bandwidth test oscilloscope with a 10X atten-
uator probe: Bandwidth, DC to 10 MHz or better. Cali-
brated vertical deflection factors down to 0.1 volt/cm with-
out a 10X probe (1 volt/em with a 10X probe). Used to
signal trace the switching circuits, If the deflection factor
of this wide-band test oscilloscope is as low as 5mV/cm,
use it in place of item 4.
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6. Autotransformer with an output voltage variable be-
tween 103 and 127 volts (or 206 and 254 volts if oscillo-
scope used with the Type TAl is wired to operate within
this range). Minimum rating depends on current drawn by
the oscilloscope with its plug-in unit{s). Used to apply de-
sign-center line voltage to the oscilloscope/Type 1Al com-
bination.

7. RMS-calibrated AC voltmeter capable of indicating
the voltage output of the autotransformer (item 6).

8. 30-inch long flexible cable plug-in extension. Per-
mits operating the Type 1Al out of the plug-in compartment
so that all sides of the unit are accessible for servicing. Tek-
tronix Part No. 012-0028-00.

9. Circuit extender card complete with four signal ex-
tension leads and two ground extension leads attached to
the card. Permits operating the circuit partially out of the
unit for troubleshooting. Tektronix Part No. 012-0100-00.

10. Adapter with BNC and UHF connector fittings. Fits
BNC plug and UHF jack connectors. Used if test oscillo-
scope [item 4 and 5) external trigger connector is a UHF
jack type connector. For use in a low-frequency signal-
tracing setup to check phase relationship of calibrator sig-
nal at output of each amplifier stage in the Type 1A1. (Sig-
nal tracing setup includes items 4 through 12.) Tektronix
Part No. 103-0015-00.

11. BNC T used in a low-frequency signal-tracing setup
for connecting to the two BNC coaxial cables (item 12) and
to the calibrator output connector on the oscilloscope used
with the Type 1A1. Tektronix Part No. 103-0030-00.

12. Two coaxial cables equipped with BNC connectors on
each end. Used in low-frequency signal-tracing setup .to
apply the calibrator signal to the Type 1Al and to the test
oscilloscope external trigger input connector. Tektronix Part
No. 012-0057-00.

13. Miscellaneous: Replacement tubes, transistors, and
diodes.

Interconnecting-Plug Resistance Checks

Table 5-2 lists the approximate resistance measured be-
tween the interconnecting-plug pins and ground of the 16-
pin plug located on the rear panel of the Type 1A1. These
measurements were taken with the Type 1Al disconnected
from the associated oscilloscope. The measurements are
particularly useful for locating a possible short circuit or
low-resistance path in the unit, if such trouble should occur.

The resistance measurements vary considerably since
semiconductors are used in the circuitry. In addition, the
readings can vary as much as 50% due to the type of ohm-
meter in use. Therefore, empty columns are provided in
the table for logging your own measurements, and the type
of meter used, for future reference.

Significant differences between ohmmeter types are: (1)
the amount of internal voltage used; {2) the currents de-
livered for full-scale deflection in each range; and (3) the
scale readings on the meter itself. If ohmmeters differed
less in these respects, the resistance measurements given
in the table would be more typical.
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Troubleshooting Table

Table 5-3 is a list of typical symptoms, their possible
causes and the probable circuit at fault. Since it is impos-
sible to list every kind of symptom that might happen, those
that are included here may give you a clue to the most
likely area to check.

To locate the exact cause of a trouble when it is not
listed in the table, use the conventional method of trouble-
shooting; i.e. signal tracing, voltage and resistance checks,
and parts substitution. To reduce the parts substitution
method of troubleshooting to minimum, use the conventional
method of troubleshooting first. In addition, use the infor-
mation provided on the schematics and in other portions of
this manual as an aid to isolating the trouble.

Isolating DC Imbalance

For free-running traces to appear within the usable view-
ing area of the CRT screen, the DC voltage as measured
between pins 1 and 3 of the interconnecting plug to the
oscilloscope must be less than =#0.3 volt. A voltage differ-
ence which exceeds 0.3 volt between these two points
may position the trace more than =3 cm from the oscillo-
scope vertical-amplifier electrical center, thus positioning
the trace above or below the range of visibility.

To find the oscilloscope vertical-amplifier electrical cen-
ter, short pins 1 and 3 together momentarily and note the
position of the trace. The position of the trace is the elec-
trical center. When shorting the pins, use care to avoid
shorting to other pins or to ground.

The DC voltages at pins T and 3 of the interconnecting
plug depend on the DC balance of all amplifier stages in
both channels. Since all the amplifier stages are DC coupled,
any excessive imbalance between input and output can
unbalance the output and cause the trace to deflect out
to the viewing area.

Fig. 5-3 shows the voltage difference limits between each
stage. If the voltage limits are exceeded in one stage, the
limits will be exceeded in the following stages (locking to-
ward the output) and the trace will deflect off the screen.
For example, if the voltage between the collectors of Q124
and Q144 in the Channel 1 Input Amplifier stage reads
+-0.8 volt, the voltage between the collectors of Q404 and
Q414 in the Output Amplifier first stage will read +0.6
volt, and the voltage at pins 1 and 3 of the interconnect-
ing plug will also read 40.6 volt, causing the trace to be
deflected upward and off the CRT.

One quick method for isolating DC imbalance either to
one of the Channels or to the Output Amplifier second
stage is to turn one channel on at a time to see if the trace
for the channel can be normally positioned on the CRT.
If the trace for one channel cannot be positioned onto the
CRT, then the DC imbalance originates in that channel.
If none of the traces appear on the CRT, then the trouble
is probably in the Output Amplifier second stage. Also, con-
sider the possibility that the trouble might be one of the
diode switches (D421, D422, D423, or D424 in Channel 1;
D451, D452, D453 or D454 in Channel 2) or in the Switch-
ing Multivibrator stage (Q305/Q315).
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Approximate Resistance Between the 16-pin Interconnecting Plug Pins and Ground

Type of Meter:
Manufactured By:
Type of Meter: YOM!
Model No.:
Type 1A1 Serial No.:
Pin MODE Switch | Resistance Readings® Ohms Range Resistance Readings | Ohms Range
No. Setting +GND —GND Used +Gnd  —GCnd Used
1 Any 68k 49k T RXIK
2 Any 0 (Gnd) —
3 Any 68k 49k RXTK -
4 Any 0 (Gnd) —_
5 Any 7k 68k RX1K )
6 Any Infinite e
{No connection)
7 Any except ALT 0 (Gnd) ~ RXIK
ALT Infinite
8 Any 70 3%Q RX1
9 | Any 49k 7.5k RX1K
10 | Any 49k 29k RX1K
1 Any 93k 75k RXTK )
12 - -
13 Any Infinite —_—
14 (No connection) -
15 CH 1 or CH 2 640 Q 590 @ “RX100 .
ALT 640 Q 590 Q RX100
CHOP 590 @ 560 Q RX100 B B
ADD 640 Q 590 Q. RX100 '
16 CH 1, ADD, Infinite —
or CH 2 (No connection)
ALT 20 k 195k RX1K
CHOP 10k 10k RXTK

'YOM used to obtain these measurements was a 20,000 £2/V DC meter with a mid-scale reading of 4.5k{} on the RX1K range.

range the mid-scale deflection current is 160 uA; full scale current is 320 pA.

*Ohmmeter leads are first connected one way and then the other way to get the two readings.

TABLE 5-3

For this

Trouble lIsolation Procedure Checks to Make

Some Foiiil?_le_ Causes

Probable Circuit Area At Fault

Symptom
1. No trace or wavefrom display,
either channel. Trace deflected off the
CRT.

2. Trace but no waveform display,
either channel.

Defective output amplifier tube or fran-
sistor (V464, V474, Q464, Q474).

Open filament in one of the tubes. De-
fective interconnecting plug.

Check these nominal supply voltages
in the Type 1Al1: 225V, 4100V,
+75V, 439V, +11V, +5V and
—150V. If any of these voltages are
incorrect, find the trouble before going
to the third column.

Check for DC imbalance in the Output
Amplifier second stage. Refer to Fig.
5.3.

| R467 open.

Check Output Amplifier second stage.

@1
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TABLE 5-3 (Cont)

Trouble Isolation Procedure Checks to Make

Some Possible _Ciii;ses

Prob_qble Circuit Area At Fault

Check for open series diode D421 or
D424, Q122 or Q142 defective. Check
that the Switching Multivibrator stage
is working properly and Q315 should
be cut off. D421 open. D452 open.
D122 shorted. D424 open. D453 open.

Check for DC imbalance in Channel 1.
Refer to Fig. 5-3.

Check for open series diode D451 or
D454, Q222 or Q242 defective. Check
that the Switching Multivibrator stage is
working properly. Q315 should be con-
ducting and Q305 should be cut off.
D422 open. D451 open. D222 shorted.
D423 open. D454 open.

Check for DC imbalance in Channel 2.
Refer to Figure 5-3.

Check for short or open circuit between
Channel T INPUT connector and gate of

Signal trace Channel 1 to locate faulty
circuit.

L ~ Symptom - ~_ Some P
3. No Channel 1 trace or waveform

display.

4, No channel 2 trace or waveform

display.

5. Channel 1 trace but no waveform

display.

| Qi
6. Channel 2 trace but no waveform

display.

Check for short or open circuit between
Channel 2 INPUT connector and gate of
Q222.

7. No chopped or alternate mode of
operation. One channel is on all the
time.

Q305 defective. Q315 defective.

8. No alternate mode of operation.
Chopped mode is normal.

9. No chopped mode of operation.
Alternate mode is normal.

10. No chopped mode blanking. Al-
ternate mode is normal.

Q330 defective. T330 open winding.
D308 open Channel 1 only
D313 shorted ) is on.

D303 shorted ) Channel>2 only
D318 open is on;

Defective contact on the MODE switch
the CHOP position.

Signal trace Channel 2 to locate faulty
circuit.

Troubleshoot Switching Multivibrator
stage (Q305/Q315).

Check Alternate Trigger Blocking Oscil-

lator stage (Q330).

Troubleshoot Switching Multivibrator
stage (Q305/Q315).

Q343 defective. Q353 defective. D345
is open.

11. No signal or insufficient amplitude
signal at CH 1 SIGNAL OUT or CH 1
TRIGGER OUT connectors. No internal
triggering on Channel 1 only.

Check Blanking Multivibrator stage
(343/Q353).

Q143, Q164, Q173 or Q174 defective.

Check Channel T Signal pickoff Emitter
Follower and Amplifier stages.

12. No signal or insufficient amplitude
signal at CH 1 TRIGGER OUT con-
nector.

Q184 and Q194 defective.

In-Circuit Diode Checks

Check Channel 1 Trigger Output Ampli-
fier stage (Q184/Q194).

number of each component and its location. Fig. 5-4 labels
the connector wiring for each card.

In-circuit checks of diodes can be made quite easily by
using a voltmeter to find out if the diode is functioning

properly in the circuit. Use Table 5-4 to determine whether
a particular diode should be forward biased or not during
single-trace or dual-trace operation. Also, measure the volt-
age on each side of the diode during its quiescent state as
given on the diagrams, then determine whether the differ-

ence between voltages is normal or not.

If you are in doubt whether a diode is defective, unsolder
one end and check the forward-to-back resistance ratio.
If the ohmmeter check proves unsatisfactory, replace the

diode.

Circuit Cards and Boards

The Type 1Al contains three compact plug-in circuit cards
and two circuit boards. Figs. 5-5 and up show the circuit
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Signal Tracing

Signal Amplifier Stages. A method is described here for
checking waveform amplitude and polarity at the test points
shown on the Input Amplifier and Output Amplifier sche-

matic diagrams. The technique is based on using a plug-in

extension to operate the Type 1Al outside the oscilloscope
plug-in compartment. The plug-in extension permits access
to the circuits in the Type 1Al for detailed signal tracing
and troubleshooting.

After the faulty stage is located and the trouble found
and corrected, then it is easy to remove the extension, in-
seri the plug-in in the oscilloscope and go directly to the

Performance Check procedure in Section 6 to check fre-
quency response and other performance requirements. If

(O]
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Fig. 5-3. DC balance voltage limits at each stage, which, if not exceeded, should position the trace on the CRT. The trace should ap-
pear within =3 cm from the oscilloscope vertical-amplifier electrical center.

TABLE 5-4

Normal Diode Bias Conditions

Diede Mode Switch Setting —
CH 1 ALT! CHOP ADD _ECH 2
D122 | Reverse | Reverse | Reverse | Reverse | Reverse
D222 | Reverse | Reverse | Reverse | Reverse | Reverse
D421 | Forward Forward | Reverse
D422 | Reverse Reverse | Forward _
D423 | Reverse - | Reverse | Forward
D424 | Forward . Forward | Reverse
D451 | Reverse Forward | Forward
D452 | Forward b Reverse F@ye_l_’i ]
D453 | Forward e Reverse | Reverse
D454 | Reverse ] Forward | Forward
D303 | Forward | Reverse | Reverse | Forward | Reverse
D313 | Reverse | Reverse | Reverse | Forward I:_o_r:vTc_lrd
D308 | Reverse | Reverse® | Reverse | Reverse | Reverse
7331 8 | Reverse | Reverse? _Rg\;z-rse Reverse jeverse_
D301 | Forward | Forward | Reverse | Forward | Forward
D311 | Forward | Forward | Reverse | Forward | Forward
D345 | Forward | Forward | Reverse | Forward | Forward

'Oscilloscope time base set for 1 psfem free-running sweep.

“Voltmeter shows a reverse-bias reading but does not indicate con-
duction of diode during positive-going sync pulse duration,

®

preferred, the Calibration Procedure in Section 7 can be
used. The advantage of using the Calibration Procedure is
that the control setups provide convenient starting places
when steps are performed out of sequence.

To signal trace the Type 1Al amplifier stages, proceed
as follows:

1. Connect an extender card between the Amplifier card
and socket. Connect the interconnecting leads to complete
the circuit interconnections.

NOTE

On the Channel 1 and Channel 2 circuit card,
the yellow-on-white lead from the high-frequency
compensation network on the VOLTS/CM switch
has no connection on the circuit card extender.
This lead is to be left unconnected while using the
circuit card extender.

2. Connect a plug-in extension between the Type 1Al
and the associated oscilloscope.

CAUTION

If the Type TA1l is used with a Type 544, 546,
or 547 Oscilloscope, be sure to pull the oscillo-
scope plug-in sensing switch to its outward position
before turning on the oscilloscope power.

3. Set the front-panel controls of the Type 1Al to the
same positions as listed in the IMPORTANT note located

5-9
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on the inside portion of the Block Diagram pull-out page.
Exception: If Channel 2 needs to be checked, set the MODE
switch to select Channel 2.

4, Apply a 2V peak to peak calibrator signal through
a T connector and coaxial cables to the Type 1Al Input
connector of the selected channel and to the test oscillo-
scope [item 4 or 5 in Test Equipment list) External Trigger
Input connector.

5. Set the test oscilloscope Input Coupling Switch to AC,
and V/cm switch to 0.5, the Time/cm switch to 0.5ms, and
the triggering controls for +Ext triggering on the 2V cali-
brator signal.

6. Touch the test oscilloscope probe tip to the soldered
connection (wired end) of the Input connector center con-
ductor for the channel to be checked.

7. Set the test oscilloscope Triggering Level control so
the first half cycle of the waveform is positive going. The
displayed waveform on the test oscilloscope should corre-
spond to the waveform polarity and amplitude shown at the
Input connector test point on the CH 1 Input Amplifier dia-
gram. Disconnect the probe.

8. On the diagram locate the next test point where a
waveform is shown. Set the test oscilloscope vertical de-
flection factor to correspond to the setting given at the left
side of the diagram waveform.

9. Locate the same test point in the Type 1Al that cor-
responds to the one on the diagram and connect the probe
tip to this test point. Check the displayed waveform ampli-
tude and polarity. Disconnect the probe.

10. Repeat steps 8 and 9 until a test point is found where
an abnormal indication is definitely obtained. Then proceed
with detailed troubleshooting checks between that stage and
the preceding test point to isolate the trouble to the small-
est possible area until the cause of the trouble ds found.
Detailed checks consist of signal tracing the circuits between
the test points to determine where the signal becomes ab-
normal. Then voltage and resistance checks may have to be
made; semiconductors (or tube) and other components may
have to be substituted.

Switching Circuit. To signal trace the Switching Circuit,
use the same technique as described for signal tracing the
signal amplifier stages with the following exceptions:

1. Use a 10-MHz or higher bandwidth test oscilloscope.

2. Use AC input coupling to check the waveform ampli-
tude.

3. Use DC input coupling and a suitable vertical deflec-
tion factor to check DC levels.

4. Use appropriate 4+ and — Triggering Slope and Source
switch positions for the waveform being checked.

Check Individual Components

The following procedures describe methods of checking
the individual components in the Type 1Al. Components
which are soldered in place can be checked most easily
by disconnecting one end. This eliminates incorrect meas-
urements due to the effects of surrounding circuitry.

5-10

1. Tube. The best check of tube operation is actual per-
formance under operating conditions. If the tube is suspected
of being defective, it can best be checked by substituting
a new tube or one which has been previously checked.
Turn off the oscilloscope power when substituting the tube,

2. Field Effect Transistors (FET). Best check is to make
a temporary check by changing with an FET from another
channel known to be good. Turn off the oscilloscope power
when making the exchange. Turn on the oscilloscope and
make the check. After making the check, be sure to return
the FET to its original channel socket and check that it is
properly oriented in the same direction as originally re-
moved.

3. Transistors (excluding FET's). Defects in transistors
usually take the form of the transistor opening, shorting, or
developing excessive leakage. To check a transistor for
these and other defects, use a transistor curve display in-
strument such as a Tektronix Type 575. However, if a good
transistor checker is not readily available, a defective tran-
sistor can be found by signal tracing, by making in-circuit
voltage checks, by measuring the transistor forward-to-back
resistance using proper ohmmeter resistance ranges, or by
using the substitution method. The location of all transistors
is shown in the parts location illustrations provided later in
this section.

To check transistors using a voltmeter, measure the emitter-
to-base and emitter-to-collector voltages. Determine if the
voltages are consistent with the normal resistances and cur-
rents in the circuit.

To check a transistor using an ohmmeter, know the ohm-
meter ranges, the currents they deliver, and the internal
battery voltage(s). If the ohmmeter does not have sufficient
resistance in series with its internal voltage source, exces-
sive current will flow through the transistor under test. Ex-
cessive current and/or high internal source voltage may
damage the transistor.

NOTE

As a general rule, use the RX1k range where the
current is usually limited to less than 2 mA and
the internal voltage is usually 1.5V. Current and
voltage can be checked by inserting a multimeter
between the ohmmeter leads and measuring the
current and voltage for the range you intend to
use.

When the ohmmeter ranges that will not harm the tran-
sistor are known, then those ranges should be used to meas-
ure resistances with the ohmmeter connected both ways
as given in Table 5-5.

If there is doubt about whether the transistor is good,
substitute a new transistor; but first, be certain the circuit
voltages applied to the transistor are correct and turn the
oscilloscope power off before making the substitution. If a
transistor is substituted without first checking out the circuit,
the new transistor may immediately be damaged by some
defect in the circuit.

CAUTION

Use care when making measurements in an operat-
ing unit. The small size and high density of com-

@1



TABLE 5-5
Transistor Resistance Checks
(excluding FET's)

Resistance Readings That Can Be
Expected Using the RX1k Range

High readings both ways (about 200
kQ or higher.

High reading one way {about 200 kQ
or more). Low reading the other way
(about 400 Q to 5kQ).

High reading one way {about 500 kQ
or more). Low reading the other way
(about 400Q to 5kQ).

Ohmmeter
Connections®

Emitter-Collector

Emitter-Base

Base-Collector

*Test prods from the ohmmeter are first connected one way to the
transistor leads and then the test prods are reversed (connected
the other way). Thus, the effects of the polarity reversal of the
voltage applied from the ohmmeter to the transistor can be observed.

ponents used in the Type 1Al result in close spac-
ing. An inadvertent movement of the test prods,
or the use of oversized prods may cause a short
between circuits.

4. Diodes. In-circuit checks of diodes can be made quite
easily by measuring the voltage drop across the diode us-

Maintenance—Type 1Al

ing the voltages on the schematic diagrams as a guide. If
there is doubt whether a diode is defective or not, turn off
the oscilloscope power, unsolder one lead of the diode from
the circuit and check the forward-to-back resistance ratio.
Observe the same precautions as those described when
checking transistors. If the ohmmeter checks prove unsatis-
factory, use a good diode checker or replace the diode.

5. Resistors. Resistors can be checked with an ohmmeter.
Check the Electrical Parts List for the tolerance of the resis-
tors used in this unit. Resistors normally do not need to be
replaced unless the measured value is in excess of the speci-
fied tolerance.

6. Capacitors. A leaky or shorted capacitor can best
be detected by checking resistance with an ohmmeter on the
highest scale. Do not exceed the voltage rating of the
capacitor. The resistance readings should be high after the
initial charge of the capacitor. An open capacitor can best
be detected with a capacitance meter or by checking wheth-
er the capacitor passes AC signals.

7. Repair and Recheck the Circuit. If any defective
parts are located, follow the replacement procedures given
earlier in the Corrective Maintenance portion of this section.
Be sure to check the performance of any circuit that has been
repaired or has had electrical components replaced.
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SECTION 6
PERFORMANCE CHECK

Change information, if any, affecting this section can be found at the

rear of the manual.

Introduction

This performance check is provided to check the opera-
tion of the Type 1Al without removing the side or bottom
covers from the oscilloscope. This procedure may be used
for incoming inspectian, instrument familiarization, reliability
testing, calibration verification, etc.

Failure to meet the characteristics given in this procedure
indicates that the unit requires internal checks and/or ad-
justments. See the Calibration section of this Instruction
Manual.

TEST EQUIPMENT AND ACCESSORIES

General

The following equipment (items 1 through 4) is recommend-
ed for a complete performance check. Specifications given
are the minimum necessary to perform this procedure. All
equipment is assumed to be calibrated and operating with-
in the original specifications. If equipment is substituted, it
must meet or exceed the specifications of the recommended
equipment.

For the most accurate performance check, use the acces-
sories (items 5 through 4) described in this list. The calibra-
tion fixtures that have a Tektronix part number are avail-
able from Tektronix, Inc. Order by description and part
number from your local Tektronix Field Office or representa-
tive.

Test Equipment

1. Calibrated Type 544, 546, 547, or 556 Oscilloscope.
For use with the Type 1Al Plug-In Unit being checked:
NOTE: The Type 547 was used when preparing this pro-
cedure.

2. Standard amplitude calibrator. Amplitude accuracy,
within 0.25%; signal amplitude 20 mV to 100V; output sig-
nal, 1-kHz square wave. Tekironix calibration fixture No.
067-0502-00 recommended.

3. Square-wave generator. Frequency, 2.5kHz and 100
kHz; risetime, 20 ns or faster from the high-amplitude out-
put; 1 ns or faster from the fast-rise output. High-amplitude
output; variable from 0.5V to 12V into a 50-ohm load, about
7V to 120V with no external load. Fast-rise output: vari-
able from 50 mV to 500 mV into a 50-ohm load. Tektronix
Type 106 Square-Wave Generator recommended.

4. Constant amplitude sine-wave generator. Frequency,
50 kHz, and 50 MHz; output amplitude, 20mV to 300 mV
peak to peak into a 50-ohm load. Amplitude accuracy with-
in =3% at 50 MHz using the amplitude at 50 kHz for a

®

reference. Tektronix Type 191 Constant Amplitude Signal
Generator recommended.

Accessories

5. Input capacitance normalizer. Time constant, 1 meg-
ohm X 15pF; attenuator 2X; connectors, BNC. Tektronix
Part No. 067-0537-00.

6. In-line termination. Impedance, 50 ohm; accuracy,
within =#=3%; connectors, GR input with BNC male output.
Tektronix Part No. 017-0083-00. (Supplied with items 3
and 4).

7. 10X attenuator. Impedance, 50 ohms; accuracy, with-
in #=3%; connectors, GR-Type. Tektronix Part No. 017-
0079-00.

8. Adapter, GR to BNC male. Tektronix Part No. 017-
0064-00.

9. BNC T connector. Tektronix Part No. 103-0030-00.

10. Coaxial cable. Impedance, 50 ohms; Type RG8/213;
length, five nanoseconds; connectors, GR874. Tektronix Part
No. 017-0502-00. Supplied with items 3 and 4.

11. Coaxial cable. Impedance, 50 ohms; length, 42 inches;
connectors, BNC. Tektronix Part No. 012-0057-01.

12. Coaxial cable. Impedance, 50 ohms; length 18 inches;
connectors, BNC. Tektronix Part No. 012-0076-00.

13. Patch cord. Red; BNC male connector on one end,
banana plug on other end; 18 inches long. Tektronix Part
No. 012-0091-00.

14. Small screwdriver with & Y, inch wide tip to fit screw-
driver-adjust potentiometers.

PERFORMANCE CHECK PROCEDURE

General

In the following procedure, test equipment connections
or control settings should not be changed except as noted.
i only a partial check is desired, refer to the preceding
step(s} for setup information.

The following procedure used the equipment listed under
Recommended Equipment and Calibration Fixtures. If sub-
stitute equipment and accessories are used, control settings
or setup must be altered to meet the requirements of the
equipment used.
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Preliminary Procedure

Insert the Type 1Al into the test oscilloscope. Connect
the power cord of the oscilloscope to the proper operating
voltage and turn on the power switch. Allow a 15-minute
warm-up time before proceeding with the performance
check to allow the unit to stabilize. Preset the front-panel
controls as follows:

Control Settings

Type 547 Oscilloscope*

Horizontal Display B
Sweep Magnifier X1 Off
Single Sweep Switch Normal

Triggering Level Fully clockwise and

pushed in
Triggering Source Norm Int
Triggering Coupling AC
Triggering Slope +
Triggering Mode Auto Stability
Time/Cm .5 mSec
Variable ({Time/Cm} Calibrated

Brightness® (547} Fully clockwise

Horizontal Position Midrange
Vernier® (Horizontal Midrange

Position)
CRT Cathode Selector® CRT Cathode
Amplitude Calibrator Off

Type 1Al

MODE CH1
POSITION

(both channels} Midrange

PULL FOR INVERT
(both channels}

VARIABLE VOLTS/CM

Normal or in

(both channels) CALIB
VOLTS/CM
(both channels) .005
INPUT SELECTOR

{(both channels) GND

1. Check .005V/CM and .05 V/CM DC
Balance

a. Requirement—Equal to or less than T-cm trace shift
as the VARIABLE {V/CM) control is rotated through its range.
Adjusted for no trace shift,

b. Set the oscilloscope Intensity control for normal trace
brightness. Adjust the Astigmatism and Focus controls to
obtain a well defined trace. (If trace is not on screen go
to step 1d).

‘The Type 547 Main Time Base B front-panel controls are used
throughout this procedure.

SNot included in subsequent lists of control settings.
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NOTE

From this point on in the Performance Check pro-
cedure, use the Intensity, Focus, and Astigmatism
controls as needed to obtain sharply focused trace
of the desired intensity. Time-Base controls are
used unless otherwise specified.

¢. CHECK—Rotate Channel 1 VARIABLE through its range
and check for trace shift.

d. If there is a trace shift or the trace is not on the screen,
adjust the .005V/CM VAR ATTEN BAL to meet the desired

requirement.
e. Position the trace to start at left side of graticule.
f. Set the V/CM switch to .05

g. CHECK-—Rotate Channel 1 VARIABLE through its range
and check for trace shiff.

h. Return the V/CM switch to .005 and the VARIABLE
(V/CM) to CALIB position.

i. Set the MODE switch to CH 2. Repeat this check on
Channel 2.

2. Check Normal-Invert DC Balance

a. Requirement—Trace shift should be less than 1cm
when the PULL FOR INVERT switch is actuated.

b. Using the Channel 2 POSITION control, position the
frace to graticule center.

¢. Pull the front-panel Channel 2 PULL FOR INVERT knob
to its outward position.

d. CHECK—Trace should be located within 1cm or less
of graticule center.

e. Push the Channel 2 PULL FOR INVERT knob to its in-
ward position.

f. Change the MODE switch to CH 1.
g. Repeat this check on Channel 1.

3. Check Gate Current (Q122 and Q222)

a. Requirement—1 nA or less gate current.

b. Connect a 50Q termination to INPUT 1 BNC con-
nector.

c. Using the Channel 1 POSITION control, position the
trace to graticule center.

d. Change the Channel 1 INPUT SELECTOR to AC.
e. CHECK—That the trace shift does not exceed 2 mm.

f. Move the 50 Q termination to INPUT 2 BNC connector
and set the MODE switch to CH 2.

g. Repeat steps 3c through 3e substituting Channel 2 con-
trols for Channel 1 controls.

h. Remove the 50 Q termination and set both INPUT SE-
LECTOR switches to GND position.



4. Check Alternate Mode Operation

a. Requirement—Proper alternation of channels and trace
slaving to the Type 547 Oscilloscope time bases.

b. Set the MODE switch to ALT, then position Channel
1 trace 1 cm above the graticule centerline, and Channel 2
trace 1cm below the graticule centerline by means of the
POSITION controls.

¢. CHECK—The sequence of alternation one step at a
time for all settings of the Time Base B Time/Cm switch.
(The Intensity control for the test oscilloscope will have to
be adjusted as the sweep rate is changed, brighter for the
faster sweep rates and reduced for the slow rates.)

d. Set the Time Base Time/Cm switch to 10 ps.

NOTE

Perform the remainder of Step 4 only if the Type
1A1 is used in conjunction with an oscilloscope
which has provisions for alternate slave opera-
tion (e.g., Type 547).

e. Requirement—Two trace display. Channel 1 slaved to
Time Base A and Channel 2 slaved to Time Base B.

f. Set the Type 547 oscilloscope controls as follows:
Time Base controls

A Time/Cm
B Time/Cm

.5 mSEC
10 uSec

A Triggering controls
Set the same as B Triggering controls.

Other controls

AJALT/B
Both traces visible

Horizontal Display
Intensity
NOTE

With the Time Base controls set as above, the dim-
mer trace identifies Time Base B due to its faster
sweep rate setting.

g. CHECK—Rotate the Channel 1 POSITION control. This
should change the position of Time Base A trace. Rotate the
Channel 2 POSITION control. This should change the posi-
tion of Time Base B trace.

~ h. Set the Time Base B Time/Cm switch to .1 Sec and
check for alternate trace.

i. Set Time Base B Time/Cm switch to .5 pSec and the
Horizontal Display switch to B.

5. Check Chopped Mode Blanking

a. Requirement—Blanking of between-channel switching
transients.

b. Set controls as follows:

®z
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Type 1Al
MODE CHOP

Type 547 Oscilloscope

Near 0 and knob
pushed in

Triggering Level

Time/Cm
Horizontal Display B

c. Using the Type 1A1 POSITION controls, position Chan-
nel 1 segmented trace about 1.0 cm above graticule center.
Position the trace for the other channel about 1.0 cm below
the graticule center. Use the oscilloscope Triggering Level
control to obtain a stable display (See Fig. é-1A}.

5 pSec

d. CHECK—That the display is set for normal viewing
intensity. Set the oscilloscope CRT Cathode Selector switch
to the Chopped Blanking position.

e. Switch transients between channels should be blanked
out {see Fig. 6-1B).

4 1
Blanked Out
T
- =/l =% - - -

N PRV ST
T+t

Sweep Rate: 0.5 us/cm

(A)
0.833 us I
_A to “— I
1.25 us ¥
| - " r
[ —]
< | .
¥
I Sweep Rate: 0.5 us/cm
(B)

Fig. 6-1. (A) Blanked chopped-mode waveform; and (B) unblanked
chopped-mode waveform,

f. Change the Time Base B Time/Cm switch to .2 us and
check the waveform distortion. It must have a flat top
with no more than 2 mm of slope. (Disregard wrinkles that
may be on the flat top.} Return the CRT Cathode Selector
switch to CRT Cathode position and the Time Base B Time/
Cm switch to .5 us.
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6. Check Chopped Mode Repetition Rate

a. Requirement—Chopped mode repetition rate, 1 MHz,
+ 20%.

b. CHECK—The time duration of one cycle should be
0.833 us to 1.25 us (See Fig. 6-1B).

7. Check Front Panel Gain Adjustment

a. Requirement—Vertical deflection within ==3% of

VOLTS/CM switch indication.

b. Set the controls as follows:

Type 1A1
INPUT SELECTOR DC
{both channels)
MODE CH1
VOLTS/CM
[both channels) .05

Type 547 Oscilloscope

Fully clockwise and

Triggering Level
knob pushed in

Time/Cm .5 mSec

Standard Amplitude Calibrator

Amplitude .2 Volts

Mede Square Wave
Mixed Up

X 100 Amplifier Not Applicable
Power On

c. Connect the .2-Volt signal from the Standard Ampli-
tude Calibrator output connector through a 42-inch 50-ohm
cable to the Type 1A1 Channel 1 Input connector.

d. Use the Channel 1 POSITION control to center the
display.

e. CHECK—CRT display for exactly 4 cm of vertical de-
flection (see Fig. 6-2).

90 % -
10% ..-.)'{
] Sweep Rate:
X Iolnsedcm
Risetime

Fig. 6-2. Typical display showing correct gain adjustment.
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f. If necessary, adjust the front-panel V/CM GAIN ad-
justment for exactly 4 cm of deflection.

g. Turn the MODE switch to CH 2 and apply the Stand-
ard Amplitude Calibrator signal to Channel 2 INPUT.

h. Repeat the above procedure for Channel 2.

8. Check Variable Volts/Cm Range

a. Requirement—At least 2.5:1 reduction in deflection
when VARIABLE control is set fully counterclockwise.

b. Rotate the Channel 2 VARIABLE VOLTS/CM control
to its fully counterclockwise position and note the vertical
deflection amplitude.

c. Rotate the Channel 2 VARIABLE VOLTS/CM control
in a clockwise direction until maximum deflection is ob-
tained. Note the amplitude.

d. CHECK—The smaller amplitude noted in (b) divided
into the larger amplitude obtained in (c) will be the attenu-
ation ratio. Ratio must be no less than 2.5:1.

e. Return the VARIABLE VOLTS/CM control to the CALIB
position.

f. Set the MODE switch to Channel 1 and apply the
Standard Amplitude Calibrator signal to Channel 1 INPUT.

g. Repeat the above procedure to check Channel 1 VAR-
|ABLE VOLTS/CM control.

9. Check Volts/Cm Deflection Accuracy

a. Requirement—Vertical deflection within =+=3% of

VOLTS/CM switch indication,

b. Check both VARIABLE VOLTS/CM controls to insure
they are in the CALIB detent.

c. CHECK—The attenuator accuracy by means of Table
6-1.

TABLE 6-1
Attenvator Accuracy Check
Display
Type 1A1 Standard Amplitude | Allowable
VOLTS/CM | Amplitude in Centi- Error in
Switch Calibrator meters Millimeters
.005 | 20m Volts 4 12
.01 50 m Volts 5 15 B
02 1 Volts 5 15
05 2 Volts 4 0.0 (Was ad-
justed during
step 7.)
1 5 Volts 5 1.5
2 1 Volt 5 1.5
5 2 Volts 4 1.2
1 5 Volts 5 15
2 10 Volts 5 D
5 20 Volts 4 12
10 50 Volts 5 | 15
2 100 Volts 5 1.5
@1



(Adjust the channel POSITION control to position the wave-
form for most accurate measurements).

d. Return the Standard Amplitude Calibrator output signal
to 20 mVolts and connect its output signal to Channel 2 IN-
PUT connector.

e. Set the MODE switch to CH 2 and repeat the check
for Channel 2 VOLTS/CM attenuator.

10. Check AC Coupling

a. Requirement—DC-coupled displayed waveform should
shift to its average AC level when the AC-GND-DC switch is
set from DC to AC.

b. Apply a 0.1-volt signal from the Standard Amplitude
Calibrator to Channel 2 INPUT.

c. Set both VOLTS/CM switches to .05.

d. Position the bottom portion of the 2-cm display to the
centerline of the graticule by means of the Channel 2 POSI-
TION control.

e. Switch the Channel 2 INPUT SELECTOR switch from DC
to AC and note the shift of the display.

f. CHECK—The waveform should shift downward about
one cm to its average voltage level.

g. Return the INPUT SELECTOR switch to-DC and change
the PULL FOR INVERT switch to invert.

h. Repeat the procedure to check the trace shift when the
INPUT SELECTCR is changed from DC to AC. The trace should
shift up about 1 cm. Amount of shift depends on symmetry
of calibrator signal.

i. Return the PULL FOR INVERT switch to normal and the
INPUT SELECTOR switch to GND. Display should now appear
as a straight line.

i- Return the Channel 2 INPUT SELECTOR switch to DC.

k. Connect the Standard Amplitude Calibrator to Chan-
nel 1 INPUT connector.

I. Set the MODE SWITCH to CH 1 and repeat the above
procedure to check the INPUT SELECTOR switch for Chan-
nel 2.

11. Check Added Operation and Common
Mode Rejection

a. Requirement—The accuracy of added mode operation is
within #=3%. Common mode rejection is 20:1.

b. Remove the 50-ohm coaxial cable from Channel 1 IN-
PUT and install @ BNC T connector to the Channel 1 INPUT.

c. Connect the Channel 2 INPUT connector through a
50 Q coaxial cable to one side of the T connector and the
Standard Amplitude Calibrator to the other branch of the
BNC T connector.

d. Set the MODE switch to ADD.

e. CHECK—With both VOLTS/CM switches set at .05
and the Standard Amplitude Calibrator output at 0.1 volt,
the display amplitude must be 4cm, £1.2mm.

®
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f. Change Channel 1 (or Channel 2) PULL FOR INVERT
switch to invert.

g. Set the output of the Standard Amplitude Calibrator to
1 volt,

h. CHECK—Display amplitude should be 0.5cm (20:1
ratio) or less.

i. Set the Standard Amplitude Calibrator output to 20
mVolts.

j- Remove the BNC T connector. Disconnect the coaxial
cable from the Channel 2 INPUT connector. Use the re-
maining coaxial cable to connect the Standard Amplitude
Calibrator signal to the Channel 1 INPUT connector.

k. Set the MODE switch to CH 1. Return the PULL FOR
INVERT switch used in step f to the normal position.

12. Check Channel 1 Trigger Out Amplifier
Gain

a. Requirement—Trigger Qut Amplifier gain of 10
(=20%).

b. Set the Type 1A1 MODE switch to CH 2.
c. Set Channel 2 INPUT SELECTOR switch to AC.

d. Check that the Standard Amplitude Calibrator is set
to 20 mVolts. -

e. Connect a 50-ohm coaxial cable from the CH 1 TRIG-
GER OUT connector to the Channel 2 INPUT connector.

f. CHECK—The amplitude of the display should be 3.2
to 4.8 cm (gain of 10 #=20%).
NOTE

When the VOLTS/CM switch of Channel 1 is set
to .005 the gain is then 100.

13. Check Channel 1 Signal Out Amplifier

a. Requirement—Channel 1 Signal Out Amplifier gain
of 1 (=10%).

b. Move the coaxial cable from the CH 1 TRIGGER OUT
connector to the CH 1 SIGNAL OUT connector.

c. Set the Standard Amplitude Calibrator for 0.2 volts
output.

d. CHECK—The display amplitude should be 4cm
[2=10%).

e. Disconnect the Standard Amplitude Calibrator signal
and remove the coaxial cable from the CH 1 SIGNAL OUT
connector to the Channel 2 INPUT connector. Turn off the
Standard Amplitude Calibrator and disconnect the coaxial
cables.

NOTE

When the VOLTS/CM switch on Channel 1 and
Channel 2 are set to .005 the Channel 1 Signal
Out Amplifier gain is then 10 {*£10%).
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14. Check Input Capacitance Normalization
and Attenuator Compensation

a. Requirement—Optimum response to a square wave.
Rolloff or overshoot on the front corner should be no more
than 3%.

b. Set the equipment controls as follows:

Type 1Al

MODE CH 1
INPUT SELECTOR

(both channels) DC
VOLTS/CM

{both channels) .05
VARIABLE (VOLTS/CM)

(both channels) CALIB

Type 106 Square-Wave Generator

MODE CH 1
INPUT SELECTOR

(both channels) DC
YOLTS/CM

(both channels) .05
VARIABLE VOLTS/CM)

(both channels) CALIB

Type 106 Square-Wave Generator

Repetition Rate Range 1 kHz
Multiplier 25
Symmetry Midrange
Amplitude Fully CCW
Hi Amplitude Fast Rise

switch Hi Amplitude
Fast Rise controls Not Applicable
Power On

<. Apply a 2.5 kHz signal from the Type 106 Square Wave
Generator through a 10X attenuator, a 5 ns cable, a 50-ohm
termination, and a 15-pF input capacitance normalizer to
the Channel 1 INPUT connector.

d. Adjust the output of the Square Wave Generator for
a 4.cm display.

e. Center the display with the Channel 1 POSITION con-
“ trol.

f. Check that the Time Base B Time/Cm switch is set to .5
mSec. Adjust the Time Base B Triggering Level control for
a stable display.

g. CHECK—The attenuator compensation for rolloff or
overshoot at all settings of the Channel 1 VOLTS/CM switch
{See Fig. 6-3). Use .5ms and .1 ms sweep rates to examine
the waveform. (Adjust the output of the generator to main-
tain a 4cm display except for the 20 VOLTS/CM switch
position where the generator dirve is limited to about 3 em.
Refer to Table 6-2 for accessory use in checking compensa-
tion).

h. Rolloff or overshoot should not exceed #=3% (0.9 mm
on a 3cm display).
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-1Correct (Optimum flat top) R
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{A) Sweep Rate: 0.5 msec/cm
. 1 1 Correct (Optimum square corner and flat top)
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(B}

Sweep Rate: 0.1 msec/cm

Fig. 6-3. Waveforms of a properly compensated aitenuator,

i. Set the Type 106 for minimum output amplitude and
disconnect the signal.

i- Apply the Type 106 signal through the 10X attenuator,
5-ns cable, 50-ohm in-line termination and 15-pF input
capacitance normalizer to the Channel 2 INPUT connector.

k. Set the MODE switch to CH 2. Check that the Channel
2 VOLTS/CM switch is set to .05 and repeat this procedure
to check Channel 2 input capacitance and attenuator com-
pensation.

I. Reduce the output amplitude of the Type 106 to min-
imum and disconnect the signal.

TABLE 6-2
Accessory Use in Checking Attenuator Compensation
VOLTS/CM Use Use Use GR- Use
Switch 10X 50Q to-BNC RC
Setting Atten Term Adapter Norm
.05 X X X
A X X X
2 X X
.5 X X
1 X X
2 X X
5 X X
10 X X
20 X X
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15. Check High-Frequency Compensation at
.05 volts/cm (Both Channels)

a. Requirement—Optimum response to a fasf-rise square-
wave. Waveform must be flat with no more than 4% roll-
off or overshoot.

b. Set the equipment controls as follows:
Control Settings
Type 1Al

MODE CH 2

POSITION
(both channels)

PULL FOR INVERT
(both channels)

Near Midrange

Normal or in

VARIABLE (VOLTS/CM) CALIB

VOLTS/CM .05
(both channels)

INPUT SELECTOR DC

(both channels)

Type 547 Oscilloscope

Time/Cm 5 pSec
Type 106 Square-Wave Generator

Repetition Rate Range 100 kHz
Multiplier 1
Symmetry Midrange
Amplitude Not applicable
Hi Amplitude Fast Rise

switch Fast Rise

Near minimum
Not applicable

+ Transition Amplitude
— Transition Amplitude

c. Apply the 100 kHz fast-rise signal from the +Output
connector on the Type 106 through a 5-ns cable and 50-ohm
in-line termination to the Type 1Al Channel 1 INPUT con-
nector.

d. Set the Type 106 +Transition Amplitude control to
obtain a 4-cm amplitude display. Set the Symmetry control
to obtain a symmetrical waveform and, if necessary, adjust
the Multiplier control to obtain the 100 kHz output repetition
rate. Use the Type 1Al Channel 1 POSITION control to
center the display.

e. Set the oscilloscope Time/Cm switch to .1 uSec.

f. Use the oscilloscope Horizontal Position and Type TAl
Channel 1 POSITION controls to move the waveform near
the location shown in Fig. 6-4.

g. CHECK—Channel 1 CRT display for optimum square
corner (see Fig. é-4A). Ringing, rounding, overshoot and
tilt should not be more than 1.6 mm (or 4%) peak to peak
when a 4-cm positive-going square wave is displayed.

h. Disconnect the signal from Channel 1 INPUT connector
and connect the signal to the Channel 2 INPUT connector.
Set the MODE switch to CH 2.

i. CHECK—Channel 2 CRT display for optimum square
corner ((see Fig. 6-4B). Ringing, rounding, overshoot and

@z
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[
1 Opﬁlmum Square Corner
and Flat Top within
4 cm 1.6 mm Peak-to-Peak ™
_______________ NN /O IR, o NI PRSP ES IS S
2 N | - | | Sweep Rate:
B B B 0.1 psec/cm 1
(A) Channe! 1.
; T T T T g R
| Optimum Square Corner = o I 4 4
_and Flat Top within N ]
1.6 mm Peak-to-Peak F
[T T Sweer Rete:
T ] 0.1 psecf/em
(B) Channel 2.
Fig. 6-4, Typical Channel 1 and Ch I 2 wavef of high-

frequency response at a vertical deflection factor of 0.05 volts/cm.

tilt should not exceed 1.6 mm (or 4%) peak to peak for
4-cm amplitude display.

i Set the MODE switch to CH 1 and connect the Type 106
Generator to the Channel 1 INPUT connector.

16. Check High-Frequency Compensation at
.005 Volits/Cm (Both Channels)

a. Insert a 10X attenuator between the Type 106 +Out-
put connector and the 5-ns cable. Set the Type 1A1 Channel
1 VOLTS/CM switch to .005.

b. If necessary, set the Type 106 +Transition Amplitude
control to obtain a 4-em display. Check that the waveform
is positioned near the location shown in Fig. 6-5a.

c. CHECK—Channel 1 CRT display for optimum square
corner (see Fig. 6-5A). Ringing, rounding, overshoot and tilt
should not exceed 1.6 mm (or 4%) peak to peak for a 4-cm
amplitude display.

d. Disconnect the signal from the Channel 1 INPUT con-
nector.

e. Set the MODE switch to CH 2 and the Channel 2
VOLTS/CM switch to .005.

f. Check that the waveform is 4cm in amplitude and
positioned to the same location as described for the previous
channel.

g. CHECK—Channel 2 CRT display for optimum square
corner (see Fig. 6-5B). Ringing, rounding, overshoot and tilt
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|
~
I Optimum Square Corner
_{_'cmd Flat Top within
4 cm 1.6 mm Peak-to-Peak |
|
_______________ Y ._____J___._.-........_...._._.
| 1 il -:_ -] | Sweep Rate: |
0.1 pusec/em
(A) Channel 1.
I | I T | R
- Optimum Square Corner A7 N~ T T 5 .
- and Flat Top within B s SR et ree oz
1.6 mm Peak-to-Peak [ )
J
T DT L sweep rate:
0.1 psec/ecm
(B) Channel 2.

Fig. 6-5. Typical Channel 1 and Channel 2 waveforms of high-
frequency response at a vertical deflection factor of 0.005 volts/cm.

should not exceed 1.6 mm (or 4%) peak to peak for a 4-cm
amplitude display.

h. Remove the 10X attenuator. Apply the 100 kHz fast-
rise signal from the +4Output connector on the Type 106
through the 5-ns cable and 50-chm in-line termination fo
the Type 1A1 Channel 1 INPUT connector.

17. Check Trigger Out Amplifier Risetime

a. Requirement—Risetime of the Trigger Out Amplifier
waveform not to exceed 70-ns.

b. Set Channel 1 VOLTS/CM switch to .05, Channel 2
VOLTS/CM switch to .5, and the Channel 2 INPUT SELECTOR
swifch to AC.

c. Connect a 50-ohm coaxial cable from the CH 1 TRIG-
GER OUT connector to the CH 2 INPUT connector.

d. Check that the MODE switch is set to CH 2. Set the
Type 106 -Transition Amplitude control to obtain a 4-cm
amplitude display. Use the Channel 2 POSITION control
to center the display. Set the oscilloscope Sweep Magnifier
switch to X5.

e. CHECK—Risetime of the trigger out waveform must
be equal to or less than 70-ns (see Fig. 6-6).

f. Disconnect the Type 106 signal from the Channel 1 and
turn off the generator. Remove the 50-ohm coaxial cable
from the CH 1 TRIGGER OUT and Channel 2 INPUT con-
nectors.
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Fig. 6-6. M ing the rishi of the CH 1 TRIGGER OUT wave-
form, Risetime should be 70 ns or less; waveform shown above has
a risetime of 40 ns.. Sweep rafe: 20 nsec/cm.

18. Check Upper Bandwidth Limit (Both
Channels)

a. Requirement—50 MHz or greater at the 3dB down
point. (See Table 6-3 if oscilloscope is not a Type 547.)

b. Set the equipment controls as follows:

Type 1A1

MODE CH 1

POSITION
{both channels)

PULL FOR INVERT
(both channels)

Near midrange

Normal or in

VARIABLE VOLTS/CM CALIB
(both channels)

VOLTS/CM .05
{both channels)

INPUT SELECTOR DC
(channel 2)

Type 547
B Time/cm .5 mSec

X1 Off
Fully clockwise

Sweep Magnifier
Triggering Level

Horizontal Position Trace positioned to start

at left of graticule line

Type 191 Constant Amplitude Signal Generator

Frequency dial 45 MHz
Frequency Range 50 kHz Only
Amplitude 20

Variable Cal
Amplitude Range 50-500 mV
Power On

c. Apply the 50-kHz reference signal from the Type 191
Qutput connector through a 5-ns cable and a 50-ohm in-line
termination to the Type 1A1 Channel 1 INPUT connector.
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TABLE 6-3
Type 1A1 Bandwidth' and Risetime®
{load Impedance: 50 ohms)

Syst | V' VOLTS/CM Switch Positions
ystem +
{Instrument Types) | 005 03
| Bandwidth | Risetime | Bandwidth | Risetime
544, 546, 547, 556 Dc to 12.5 ns DCto | 7ns
| 28 MHz 50 MHz
581, 581A, 585, 585A | DC fto 125 ns 0C to 7ns  Using Type
‘ 28 MHz 50 MHz B81A Adapler
581, 581A, 585, 585A | DC 1o 15 ns DC te 10.5 ns Using Type
23 MHz | 33 MHz B1A Adapter
541A, 543B, 5458 DC to 15 ns DC te 10.5 ns
23 MHz ‘ 33 MHz
551, 555 DC 1o 16.5 ns | DC to 13 ns
21 MHz 27 MHz
S531A, 533A, 535A DC to 25 ns DC to ’ 23ns
[ 14 MHz I I5MHz |
536 DC to 33 ns DC to 3l ns
10.5 MHz 11 MHz
'Upper bandwidth measured at the 3 dB down point
‘Risetime calecvlated from this formula: Risetime 'Fu::omr
*Use wupper bondwidih limit

stated for the system,

d. Adjust the Type 191 Variable controls so the display
is exactly 4cm in amplitude. This is the reference ampli-
tude (see Fig. 6-7A) J

2
e. Set the Type 191 Frequency Range switch to -‘l\%@O

f. Without changing the Type 191 oulpul nmpr@o. in-
crease the outpul frequency untl the vertical deflection is
reduced 1o 2Bcm (see Fig. 6-7B). This is the 30% down
voltage point |equivalent to —3 dB).

g. CHECK--Channel 1 upper bandwidth limit at a ver-
tical deflection factor of 0.05 volts/em should be 50 MHz
or higher.

NOTE

If the 3 dB down point is slightly less than 50
MHz consider that the accuracy of the Type 191
is within ®£2% of the selected frequency, within
*+ 4% of indicated amplitude using the 0.5-5V
range and * 5% of indicated amplitude using the
5-50 mV range into a 50-ohm =% 1% termination.
In addition, consider that the high-frequency re-
sponse of the oscilloscope vertical amplifier must
meet ils requirements,

NOTE

Risetime may be calculated using the formula
given below Table 6-3.

h. Set the Type 191 Frequency dial to 45 MHz and the
Frequency Range switch to 50 kHz Only.

i. Disconnect the signal from the Channel 1 INPUT con-
nector and connect it 1o the Channel 2 INPUT connector.

L1

Referance amplitude ot 50 kHe,

S SE— 4

1A}

P

{
\
|

Reduced
te
2.8 cm

s

IB] Upper bandwidth limit 3-dB down point

Fig. 6-7. Typical CRT disploys obtoined when checking the upper
bandwidth limit. Sweep rate: 0.5 msec/cm free running.
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- Set the MODE switch to CH 2.

k. CHECK—Using steps 18d through 18g as a guide,
check Channel 2 upper bandwidth for a limit of 50 MHz
or higher.

. Set the Type 191 Frequency dial to 25MHz, and the
Frequency Range switch to 50 kHz ONLY, and the Ampli-
tude Range switch to 5-50 mV.

m. Set the Channel 2 VOLTS/CM switch to .005.

n. If necessary, adjust the Type 191 Variable controls
so the display is exactly 4 cm in amplitude. This is the ref-
erence amplitude (see Fig. 6-7A).

o. Set the Type 191 Frequency Range switch to 18-42.

p. Without changing the Type 191 output amplitude, in-
crease the output frequency until the vertical deflection is
reduced to 2.8 cm (see Fig. 6-7B).

q. CHECK—Channel 2 upper bandwidth limit at a verti-
cal deflection factor of 0.005 volts/cm should be 28 MHz

or higher.

r. Disconnect the signal from the Channel 2 INPUT con-
nector and connect it to the Channel 1 INPUT connector.

s. Set the MODE switch to CH 1 and set the Channel 1
VOLTS/CM switch to .005.

t. Set the Type 191 Frequency dial to 25MHz and the
Frequency Range switch to 50 kHz ONLY,

u. CHECK—Using steps 18n through 18q as a guide,
check Channel 1 upper bandwidth for a limit of 28 MHz
or higher.

19. Check Upper Bandwidth Limit of
Channel 1 Signal Out Amplifier

a. Requirement—Upper bandwidth limit should be equal
to or greater than 35 MHz at the 3 dB down point.

b. Set the controls as follows:

Type 1A1
MODE CH 2
INPUT SELECTOR AC
(channel 2)
VOLTS/CM .05
(both channels)
Type 191
Frequency dial 35 MHz
Frequency Range 50 kHz ONLY
Amplitude 20
Amplitude Range 50-500 mV

c. Connect an 18-inch 50-ohm cable from the CH 1 SIG-
NAL OUT connector to the Channel 2 INPUT connector.

d. Adjust the Type 191 Amplitude controls so the display
is exactly 4cm in amplitude.
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e. Disconnect the end of the 18-inch cable that connects
to Channel 2 INPUT connector.

f. Disconnect the signal from the Channel 1 INPUT con-
nector and connect it to the Channel 2 INPUT connector.
Note the exact amount of vertical deflection.

g. Set the Type 191 Frequency Range switch to 18-42.
Check that the Frequency dial is set to 35 MHz,

h. Adjust the Type 191 Amplitude controls to obtain the
same vertical deflection as that noted in step 18f.

i. Disconnect the signal from the Channel 2 INPUT con-
nector and reconnect it to the Channel 1 INPUT connector.

i. Reconnect the 18-inch cable to the Channel 2 INPUT
connector. Check that the signal is applied from the CH 1
SIGNAL OUT connector to Channel 2.

k. CHECK—The CRT display should be 2.8 cm in ampli-
tude or more. This indicates the upper bandwidth limit
for the Channel 1 Signal Out Amplifier is 35 MHz or higher.

NOTE

Steps 19f through 19h in the procedure use a
technique that eliminates Channel 2 and the os-
cilloscope as factors when determining the upper
bandwidth limit for the Signal Out Amplifier alone.

|. Disconnect the signal from the Channel 1 INPUT con-
nector and turn off the Type 191 Constant Amplitude Sig-
nal Generator. Remove the coaxial cable from CH 1 SIG-
NAL OUT connector to Channel 2 INPUT connector.

20. Check—AC Coupled Low Frequency
Response

a. REQUIREMENT—The —3 dB response point is less than
2 hertz.

b. Set both Channel 1 and 2 VOLTS/CM switches to 5,
INPUT SELECTORS to AC, and the MODE switch to CH 1.

¢. Set the Time Base B Time/Cm switch to .1 sec and turn
the Time Base B Triggering Level control fully clockwise.

I |

4 ¢cm point
\

1.5 em point

bbb Liatlasaalaasylay
YT IEBERESEE B

L
11l llll-tllll aianlasay
hAAM RARAF SHARS RAAAS RAAAS

i

— e fall time

Fig. 6-8. Measuring AC coupled low-frequency response using an
RC curve.
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d. Connect a patch cord between Channel 1 INPUT and
the Time Base B 4+ Gate Qut connector.

e. Turn the test oscilloscope Intensity control counter-
clockwise to reduce the intensity to normal brilliance to
avoid burning the CRT. The display obtained should be
a falling RC curve as shown in Fig. 6-8.

f. Adjust the Channel 1 VARIABLE VOLTS/CM control
for a display amplitude of 4 cm.

g. Position the display to the center of the graticule area
and measure the time it takes the waveform to fall from

Performance Check—Type 1A1

4cm to 1.5em (see Fig. 6-8). It should be more time than
0.008 sec (less than 2 hertz).

h. Change the patch cord to Channel 2 INPUT and set
the MODE switch to CH 2.

i. Repeat the procedure to check the Channel 2 low-
frequency response.

|- Remove the patch cord. This completes the perform-
ance checkout procedure for the Type 1A1 Dual-Trace Plug-
In Unit. If the instrument has met all performance require-
ments given in this procedure, it is correctly calibrated and
within the specified tolerances.

6-11



Type 1Al

SECTION 7
CALIBRATION

Change information, if any, affecting this section can be found at the

rear of the manual.

Introduction

Complete calibration information for the Type 1Al s
given in this section. This procedure calibrates the unit
to the performance requirements listed in the Character-
istcis section. The Type 1Al can be returned to original
performance standards by completion of each step in this
procedure. If it is desired to merely touch up the calibra-
tion, perform only those steps entitled “Adjust . . . . ". A
short-form calibration procedure is also provided in this
section for the convenience of the experienced calibrator.

Type 1Al should be checked, and recalibrated if neces-
sary, after each 500 hours of operation, or every six months
if used infrequently, to ensure correct operation and accu-
racy. The Performance Check section of this manual pro-
vides a complete check of instrument performance without
making internal adjustments. Use the performance check
procedure to verify the calibration of the Type 1Al and
determine if recalibration is required.

TEST EQUIPMENT, ACCESSORIES
AND TOOLS

General

The following test equipment (items 1 through 4; see Fig.
7-1) or its equivalent, is required for complete calibration
of the Type 1Al. Specifications given are the minimum
necessary for accurate calibration of this unit. All test equip-
ment is assumed to be correctly calibrated and operating
within the given specifications. If equipment is substituted
it must meet or exceed the specifications of the recommend-
ed equipment.

ltems 5 through 15 are the accessories that are used in
this procedure. All accessories except item 13 have a Tek-
tronix part number and can be ordered through your local
Tektronix Field Office or representative. Item 13 is a stand-
ard item that can be purchased locally.

Test Equipment

1. Calibrated Type 544, 546, 547 or 556 Oscilloscope.
For use with the Type 1Al Plug-In Unit being calibrated.
NOTE: The Type 547 was used when performing this pro-
cedure.

2. Standard amplitude calibrator. Amplitude accuracy,
within 0.25%; signal amplitude 20 mV to 100 V; output sig-
nal, 1-kHz square wave. Tektronix calibration fixture No.
067-0502-00 recommended.

3. Square-wave generator. Frequency 2.5kHz and 100
kHz; risetime, 20 ns or faster from high-amplitude; 1 ns or

O]

faster from fast-rise output. High-amplitude output: variable
from 0.5V to 12V into a 50-ohm load, about 7V to 120V
with no external load. Fast-rise output: variable from 50 mV
to 500 mV into a 50-ohm load. Tektronix Type 106 Square-
Wave Generator recommended.

4. Constant amplitude sine-wave generator. Frequency
50 kHz, 28 MHz, 35 MHz, and 50 MHz; output amplitude, 20
mY to 200 mV into a 50-ohm load. Amplitude accuracy,
within 3% at 28 MHz, 35MHz, and 50 MHz using the
amplitude at 50kHz for a reference. Tektronix Type 191
Constant Amplitude Signal Generator recommended.

Accessories

5. Input capacitance normalizer. Time constant, 1 meg-
ohm X 15pF; attenuator 2X; connectors, BNC. Tektronix
Part No. 067-0537-00.

6. In-line termination. Impedance, 50 ohm; accuracy, with-
in +=3%; connectors, GR input with BNC male output. Tek-
tronix Part No. 017-0083-00. (Supplied with items 3 and 4).

7. 10X attenuator. Impedance, 50 ohms; accuracy, with-
in +3%; connectors, GR-Type. Tektronix Part No. 017-
0078-00.

8. Adapter, GR to BNC male. Tektronix Part No. 017-
0064-00.

9. BNC T connector. Tektronix Part No. 103-0030-00.

10. Coaxial cable. Impedance, 50 ohms; Type RG8/213;
length, five nanoseconds; connectors, GR874. Tekironix Part
No. 017-0502-00. Supplied with items 3 and 4.

11. Coaxial cable. Impedance, 50 ohms; length, 42
inches; connectors, BNC. Tektronix Part No. 012-0057-01.

12. Coaxial cable. Impedance, 50 ohms; length, 18 inches;
connectors, BNC, Tektronix Part No. 012-0076-00.

Adjustment Tools

13. Small screwdriver with a g-inch wide tip to fit screw-
driver-adjust potentiometers.

14. Insulated low-capacitance screwdriver, Jaco No. 125,
15-inch shank. Vg-inch wide metal tip. Tektronix Part No.
003-0000-00.

15. Low-capacitance alignment tool consisting of a han-
dle (Part No. 003-0307-00), a %/ 4-inch hexagonal wrench
insert (Part No. 003-0310-00) and a nylon insert with a wire
pin (Part No. 003-0308-00).
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CALIBRATION RECORD AND INDEX

This short-form calibration procedure is provided to aid
in checking the operation of the Type 1Al. It may be used as
a calibration guide by the experienced calibrator, or it may
be used as a record of calibration. Since the step numbers
and titles used here correspond to those used in the complete
procedure, this procedure also serves as an index to locate
a step in the complete Calibration Procedure. Performance
requirements correspond to those given in the Characteristics

section.
Type 1A1, Serial No.
Calibration Date

Calibration Technician

]

@1

1.

10.

. Adjust Channel 1 .05 VOLTS DC BAL

. Adjust Channel 2 .005 V/CM VAR ATTEN

. Adjust Channel 2 .05 VOLTS DC BAL

. Adjust Channel 1 .005V/CM GAIN

Adjust Channel 1 .005V/CM VAR ATTEN (page 7-6)
BAL (R130)

No trace shift as VARIABLE VOLTS/CM is rotated.

(page 7-7)
(R148)

Trace must coincide with graticule center line.

(page 7-7)
BAL {R230)

No trace shift as VARIABLE VOLTS/CM is rotated.

(page 7-8)
(R248)

Trace must coincide with graticule centerline.

. Adjust Channel 2 .05 V/CM GAIN (R439} (page 7-9)

4 cm high display with 200 mV peak-to-peak calibra-
tor signal.

. Check Channel 2 VARIABLE VOLTS/CM (page 7-10)

control

Control must be able to aftenuvate the display by
2.5 times, when rotated to its fully counterclockwise
position.

. Adjust Channel 1 .05V/CM GAIN (R409) (page 7-10)

4 cm high display with 200 mV peak-to-peak calibra-
tor signal.

. Check Channel 1 VARIABLE VOLTS/CM (page 7-10}

control

Control must be able to attenuate the display by
2.5 times, when rotated to its fully counterclockwise
position.

(page 7-11)
(R128A)

4 cm high display with 20 mV peak-to-peak calibra-
tor signal.

Adjust Channel 2 .005V/CM GAIN
(R228A)

4 cm high display with 20 mV peak-to-peak calibra-
tor signal.

(page 7-11)

1.

12

[]13.

[ 14.

] 15.

] 16.

[J17.

] 18.

] 19.

Calibration—Type 1Al

Check Gate Current for Channel 2 (page 7-12)

Trace shift should not exceed 2 mm as INPUT SELEC-
TOR switch is changed from GND to AC.

Check Gate Current for Channel 1 {page 7-12)

Trace Shift should not exceed 2 mm as INPUT SELEC-
TOR switch is changed from GND to AC.

Adjust Channel 1 INV BAL (R152) (page 7-13)

No trace shift as PULL FOR INVERT switch is changed
from normal to invert.

Adjust Channel 2 INV BAL (R252) (page 7-13)

No trace shift as PULL FOR INVERT switch is changed
from normal to invert.

Check Chopped-Mode Operation (page 7-13)

Repetition rate of waveform should be 1MHz
#+20%. Switching transients of waveform must be
blanked out (become dim} when oscilloscope CRT
Cathode Selector is set to Chopped Blanking and
trace thickness of waveform is 2 mm or less at normal
display brightness.

Check Alternate-Mode Operation (page 7-14)
Alternating two trace display at all sweep rates.

Check Add Mode Operation (page 7-14)

A 2cm display for each channel must produce a 4
cm high display when MODE switch is set to ADD.

Check Channel 1 Signal Out Amplifier (page 7-18)

Gain
Gain of 10 times =#=109%.

Check Channel 1 Trigger Out Amplifier (page 7-19)
Gain

Gain of 100 times +=20%,.

[] 20. Check YOLTS/CM Attenuation Ratios (page 7-20)
(Both Channels)
Standard
VYOLTS/CM Amplitude Vertical
Switch Calibrator Output Deflection
Setting (peak to peak} in Centimeters
.005 20 mVolis 4*
.01 50 mVolts 5
.02 .1 Volt 5
.05 2 Volt 4*
R 5 Volt 5
2 1 Volt 5
5 2 Volts 4
1 10 Volts 5
2 20 Volts 4
5 20 Volis 4
10 50 Volts 5
20 100 Volts 5

‘This switch position has been previously adjusted.
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[] 21. Adjust Input Capacitance and Attenuator (page 7-22)
Compensation (Both Channels)

Channel 1 Channel 2
*Frequency 3Frequency
VOLTS/CM | Input Compen- 2lnput Compen-
Switch Shunt sating Shunt sating
Setting |Capacitor] Capacitor ||[Capacitor | Capacitor
.05 C104 None C204 None
] C1058 C105C C205B C205C
2 C106B C106C C206B C206C
5 C107B C107¢C C2078B C207C
1 C108B C108C C208B C208C
2 C1098B C109C C2098B C209C
5 C110B c110C C210B C210C
10 C111B cnic C211B c211C
20 C112B c112C C212B c212C

*Use a 0.5 ms/cm sweep rate and adjust for optimum fiat top.

*Use a 0.1 ms/cm sweep rate and adjust for optimum leading corner
(minimum fast rolloff or spike}.

[] 22. Adjust High-Frequency Compensation at (page 7-25)
.05 Volts/Cm (Both Channels)

Adjust high frequency compensation controls for
optimum response to a square wave. Ringing, round-
ing, overshoot and tilt should not exceed 1.6 mm (or
4%) peak to peak for a 4-cm display.

[] 23. Adjust High-Frequency Compensation at (page 7-27)
005 Volts/Cm {Both Channels)

Adjust C129D in Channel 1 and C229D in Channel 2
for optimum response to a square wave. Ringing,
rounding, overshoot and ftilt should not exceed 1.6
mm (or =49} peak to peak for a 4-cm display.

[ 24. Check Upper Bandwidth Limit (Both
Channels)

With VOLTS/CM switches set to .05: 50 MHz or
higher at the 3 dB down point.

With VOLTS/CM switches set to .005: 28 MHz or
higher at the 3 dB down point.

(page 7-29)

[] 25. Check Upper Bandwidth Limit of Chan-
nel 1 Signal Out Amplifier

35MHz or higher at the 3dB point. Channel 1
VOLTS/CM switch set to .05.

(page 7-30)

[] 26. Check Channel 1 Trigger Out Amplifier (page 7-33)
Risetime

Risetime should be 70ns or faster with Channel 1
VOLTS/CM switch set to .05.

CALIBRATION PROCEDURE

General

The following procedure is arranged in a sequence which
allows the Type 1Al to be calibrated with the least inter-
action of adjustments if the complete procedure is followed.
However, if steps out of sequence are performed, some
adjustments will affect the calibration of other circuits with-
in the unit. In this case, it will be necessary to check the
operation of those circuits that are affected. When a step
interacts with others, the steps which need to be checked
are noted under “INTERACTION . ... "

Any needed maintenance should be performed before pro-
ceeding with calibration. Troubles which become apparent
during calibration should be corrected using normal trouble-
shooting techniques.

The steps fitled "Adjust . . . . ()" in the following pro-
cedure provide a check of instrument performance, when-
ever possible, before the adjustment is made. The sym-
bol ) is used to identify the steps in which an adjustment
is made. To prevent recalibration of other circuits when
performing a partial calibration, readjust only if the listed
tolerance is not met, However, when performing a complete
calibration, best overall performance will be provided if
each adjustment is made to the exact sefting, even if the
“CHECK— . . . . " is within the allowable tolerance.

In the following procedure, a test equipment setup pic-
ture is shown for each major group of adjustments and
checks. Following each setup picture is a complete list of
front-panel control settings for the Type 1Al and a guide
list for setting pertinent controls on the oscilloscope, par-
ticularly Time Base and Triggering Controls.

To aid in locating individual controls which have been
changed during complete calibration, these control names
are printed in BOLD type. W only a partial calibration is
performed, start with the nearest setup proceding the de-
sired portion. Type 1Al front-panel and internal control
titles referred to in this procedure are capitalized to match
the lettering used in the unit. Any additional clarifying in-
formation for the title is usually given in initial capitals; e.g.,
Channel 1 VOLTS/CM.

The following procedure uses the equipment and fixtures
previously listed in this section of the manual. f equipment
and fixtures are substituted, control settings or test equip-
ment setup may need to be altered to meet the require-
ments of the equipment used.

@1



NOTE

All waveforms shown in this procedure are actual
waveform photographs taken with a Tektronix
Oscilloscope Camera system. Projected graticules
were used. Each major division on the graticule
illustrations represents one cm.

Preliminary Procedure

1. Remove the panels from the test oscilloscope to expose
the left side and bottom of the vertical plug-in compart-
ment.

Calibration—Type 1A1

2. Lay the oscilloscope on ifs right side for access to the
bottom side of the Type 1A1.

3. Install the Type 1Al in the oscilloscope vertical plug-
in compartment.

4. Connect the power cord of the oscilloscope to the
design-center operating voltage for which the oscilloscope
is wired.

5. Turn on the oscilloscope and allow 15 minutes for warm
up and stabilization. While the oscilloscope is warming up,
preset the controls to the position given in the list that pre-
cedes step 1.
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\§$
Control Settings N
&
A
Type 547 Oscilloscope’
Horizontal Display 8
Sweep Magnifier 1 OH
Single Sweep Switch Normal
Triggering Level Fully clockwise and
pushed in
Triggering Source Norm Int
Triggering Coupling AC
Triggering Slope }
Triggering Mode Auto Stability
Time/Cm .5 mSec
Variable [Time/Cm) Calibrated
Brightness® (547) Fully clockwise
Herizontal Peosition Midrange
Vernier® |Horizontal
Position) Midrange
CRT Cothode Selector® CRT Cathode
Amplitude Calibrator Off
Type 1A1
MODE CH
POSITION
{both channels) Midrange

‘The Type 547 Main Time Base B front-panel controls are vsed
throughout this procedure.

'Mot included in subsequent lists of control settings.

7-6
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&
Fig. 7-2. Equipment ‘b& for steps 1 through 4.
Q

PULL FOR INVERT
{both channels)
VARIABLE VOLTS/CM

Normal or in

{both channels) CALIB
VOLTS/CM

(both channels) 005
INPUT SELECTOR

(both channels) GND

1. Adjust Channel 1 .005 V/CM VAR ATTEN O
BAL (R130)

a. Equipment setup is shown in Fig. 7-2.

b. CHECK—That a free running Irace is present near the
center of the screen. The trace does not shift as the Chan
nel 1 VARIABLE VOLTS/CM control is rotated back and
forth, If the trace is not present and/or trace-shift occurs,’
adjust the Channel 1 005V/CM VAR ATTEN BAL control
[see Fig. 7-3) to vertically position the trace onto the screen.

c. ADJUST—Channel 1 .005V/CM VAR ATTEN BAL con-
trol for no trace shift while rotating the Channel 1 VARI-
ABLE VOLTS/CM control back and forth,

d. Using the Channel 1 POSITION control, position the
trace to coincide with graticule center. Leave the control
at this setting until completing the next step.

e. INTERACTION—Interacts with step 2.
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TYPE 1A] DUAL-|

TEXTROMNIX, INC  §

[ posiTioN variaBLe ) €A

@ e

[
:f.: (Q/ ALT

Channel 1

005 V/CM
VAR ATTEN BAL | FULL FOR
IR130) INvart

008 v/em
VAR ATTEN BAL

VOLTS/CM |

Fig. 7-3. Step 1 adjustment lacation,

2. Adjust Channel 1 .05 VOLTS DC BAL ©
(R148)

a, Equipment setup is shown in Fig. 7-2,
b. Set the Channel 1 VOLTS/CM switch to .05,

¢. CHECK—That the trace coincides with graticule cen-
ter

)
d. ADJUST—Channel 1 .05 VOLTS DC BAL control 1;@3’

Fig. 7-4) to vertically position the trace to COII"ICIdl\ ith
graticule cenler. \Q

e. INTERACTION—Interacts with step 1.

Channel 1

[E PLUG-IN UNIT

| outcom, u s a

O variasLE POSITION )

VOLTS/Cm
Channel 2
/ 005 V/CM
CALIB '/VAI ATTEN BAL
IR230)

UL 1O

50 @ e

CH

oes vicm
| VAR ATTEN BAL

| VOLTS/CM

Fig. 7-5. Step 3 oadjusiment location,

3. Adjust Channel 2 .005 V/CM VAR ATTEN O
(R230)

a. Equipment setup is shown in Fig. 7-2
b. Set the MODE switch to CH 2.

. CHECK—That a free-running frace is present near the
ter of the screen. The trace does not shift as the Chan-

LSnel 2 VARIABLE VOLTS/CM control is rotated back and

forth. If the trace is not present and/or trace-shift occurs,
adjust the Channel 2 005V/CM VAR ATTEN BAL control
[see Fig. 7-5) to vertically position the trace onto the screen

d. ADJUST—Channel 2 .005V/CM VAR ATTEN BAL con-
trol for no trace shift while rotating the Channel 2 VARI-
ABLE VOLTS/CM control back and forth,

|, N ———
DC BAL
R248

Chonnel 2

Fig. 7-4. Step 2 adjusiment location,

Fig. 7-6, Step 4 adjustment location.
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e. Using the Channel 2 POSITION control, position the
trace to coincide with graticule center. Leave the control
at this setting until completing the next step.

f. INTERACTION—Interacts with step 4.

4. Adijust Channel 2 .05 VOLTS DC BAL O
(R248)

a. Equipment setup is shown in Fig. 7-2.

b. Set the Channel 2 VOLTS/CM switch to .05.
¢. CHECK—That the trace coincides with graticule cen-

ter.

d. ADJUST—Channel 2 .05 VOLTS DC BAL control (see
Fig. 7-6) to vertically position the trace to coincide with

graticule center.

e. INTERACTION—Interacts with step 3.
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'l Stondord
: | Amplitude
Calibrator

42 inch, 50 ohm
Cable

&

Fig. 7-7. Test equipment etup for steps 5 through 10.

Control Settings INPUT SELECTOR DC
(both channels)

Type 547 Oscilloscope
Standard Amplitude Calibrator

Horizontal Display B
Sweep Magnifier X1 Off Amplitude 2 Volt
Single Sweep Switch Normal Mode Square Wave
Triggering Level Fully clockwise and Mixed Up
pushed in X100 Amplifier Not Applicable
Triggering Source Norm Int Power On
Triggering Coupling AC
Triggering Slope +
Triggering Mode Auto Stability 5. Adjust Channel 2 .05 V/CM GAIN 0
Time/Cm .5 msec (R439)
Variable (Time/Cm) Calibrated
Horizontal Position Trace positioned to star! a. Test equipment setup, with conneclions made at com-
at left graticule line pletion of step 5b, is shown in Fig. 7-7.
ARpiiie Caiorcor Qff b. Apply a 200-mV peak-to-peak signal from the Stand-
Type 1Al ard Amplitude Calibrator Output connector through a 50-
ohm coaxial cable to the Channel 2 INPUT connector.
MODE CH 2 .
POSITION (Channel 1) Al o neor midrange ¢. Using the Qhanncl 2 P_OSITIO_N control, center the free-
POSITION (Channe! 2) Trace positioned to grati- running display in the graticule viewing area.
cule center : : . .
PULL FOR INVERT 78c: CHECK—For a display 4cm in amplitude (see Fig.
(both channels) Normal or in
VARIABLE VOLTS/CM e. ADJUST—Channel 2 .05V/CM GAIN control (see Fig.
(both channels) CALIB 79 for a vertical deflection of exactly 4 cm.
VOLTS/CM
[both channels) .05 f. INTERACTION—Interacts with step 10.
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Fig. 7-8. Typical display showing correct gain adjustment,

6. Check Channel 2 VARIABLE VOLTS/CM
Control

a. Test equipment setup is shown in Fig. 7.7.

b. Rotate the Channel 2 VARIABLE VOLTS/CM control
to its fully counterclockwise position and note the amplitude
of vertical deflection.

¢. Rotate the Channel 2 VARIABLE VOLTS/CM control
in o clockwise direction until maximum deflection is ob-
tained. Compare the moximum deflection with the mini-
mum deflection,

d. CHECK—That the ratio is at least 2.5:1, For example,
if the moaximum deflection is 4.6 cm and minimum is 1.8 cm,
then, 4.6 divided by 1.8 is a ratio of 2.55:1.

e. Rotate the conirol from the 4.cm deflection amplipide
to minimum and check for smooth electrical operation.

NOTE

If rotation of the VARIABLE VOLTS/CM control
through the minimum to 4.cm amplitude range
causes erralic jumping of the trace, replace the
control,

TYPE 1A] DUAL-

TEKTROMNIX, INC

([ posiTion VARIABLE ) ‘T
VOLIS/CM
Channel 1 /
05 V/CM ~
GAIN CALIA
(R409)

CE PLUG-IN UNIT

. ORIGON, U5 A
.0 [ VARIABLE POSITION )
VOLTS/CM
! Channel 2
08 V/CM
T T oAIN
(R439)

ULL FOR

INVERT
ADD .
.cu 2
[ o0 vicw

Fig. 7-9. Location of Channel 2 .05 V/CM GAIN adjustment.
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Fig. 7-10. Lecation of Channe!l 1 .05 V/CM GAIN adjusimen!

f. Set the Channel 2 VARIABLE YOLTS/CM control 1o the
CALIB position

7. Adjust Channel 1 .05 V/CM GAIN 0
(R409)

. Test equipment setup is shown in Fig. 7-7.

b. Apply the 200 mV peak-te-peak calibrater signal to
the Channel 1 INPUT connector.

c. Set the MODE switch to CH 1

d. Check that the Channel | INPUT SELECTOR switch 1s
sel to DC, the VARIABLE VOLTS/CM control is set to CALIB

e. CHECK-—That display amplitude is exactly 4cm [see
Fig. 7-8). Use the Channel 1 POSITION control to align
the display with the graticule lines for measuring purposes

f. ADJUST—Channel 1 .05 V/CM GAIN control (see Fig
7-10) for proper amplitude.
g. INTERACTION—Interacts with step 9.

8. Check Channel 1 VARIABLE VOLTS/CM
Control
o. Test equipment setup is shown in Fig. 7-7. This is the

same setup as shown excep! Channel 1 connector and con-
trols are used for this step.

b. Rotate Channel 1 VARIABLE VOLTS/CM control to its
fully counterclockwise position and note the amplitude of
vertical deflection.

c. Rotate Channel 1 VARIABLE VOLTS/CM control in o
clockwise direction until maximum deflection is obtained
Compare the maximum deflection with the minimum deflec-
tion.

d. CHECK—That the ratio is ot least 2.5:1.

e. Rotale the control from the 4-cm deflection amplitude
to minimum and check for smooth electrical operation.

an



Channel 1

005 V/EM — —
GAIN
R128A

Fig. 7-11. Lecation of Channel 1 005 V/CM GAIN adjusiment.

NOTE

If rolation of the VARIABLE VOLTS/CM control
through the minimum to 4-cm omplitude range
causes erratic jumping of the trace, replace the
control.

f. Set the Channel | VARIABLE VOLTS/CM control 1o
the CALIB position,

Calibration—Type 1A1

005 V/CEM
GAIN
R228A

Fig. 7-12. Location of Channel 2 .05 V/CM GAIN adjustment,
e. ADJUST—Channel 1 005 V/CM Gain control [see

Fig. 7-11) to oblain the correct amplitude display.
f. INTERACTION—Interacts with step 7.

10. Adjust Channel 2 .005 V/CM GAIN 0

C)o@ (R228A)

@,DQ' a. Test equipment setup is shown in Fig, 7-7.

0
9. Adjust Channel 1 .005 V/CM GAIN $00
(R128A) N

. . . S
a. Test equipment setup is shown in Fig. 7.7. [The signal

b. Apply the 20.mV calibrator signal to Channel 2 IN.
PUT connector.

¢. Set Channel 2 VOLTS/CM switch to .005, and MODE

switch to CH 2
’ i ;
's applied to Channel 1 for this siep) d. CHECK—Thot the display is exactly 4¢m in amplitude
b. Set the Standard Amplitude Calibrator for an output (see Fig. 6-8)

of 20mV. e. ADJUST—Channel 2 .005V/CM GAIN control (see

c. Set the Channel 1 VOLTS/CM switch to .005. Fig. 7-12) to obtain a display of correct amplitude.

f. Disconnect the Standard Amplitude Calibrator signal.
g. INTERACTION—Interacts with step 5.

d. CHECK—That the display is exactly 4em in ampli-
tude (see Fig. 7-8).
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50 ohm
termination

(A

MEADTON0 (B s

N
Fig. 7-13. Equipment seiyp for steps 11 through 16,
Control Settings VOLTS/CM
(both channels) .005
TYPE 547 Oscilloscope INPUT SELECTOR
(both channels) GND

Horizontal Display B

Sweep Magnifier X1 Off

Single Sweep Swilch Normal

Triggering Level Fully clockwise and
pushed in

Triggering Source Norm Int

Triggering Coupling AC

Trigger Slope ¢

Triggering Mode Auvto Stability

Time/Cm .5 msec

Variable [Time/Cm) Calibrated

Trace positioned lo starl
at left graticule line

Horizontal Position

Amplitude Calibrator Off
Type 1A1
MODE CH 2

POSITION (Channel 1)
POSITION (Channel 2)

At or near midrange
Trace positioned to
graticule center

PULL FOR INVERT
(both channels)

VARIABLE VOLTS/CM
{both channels) CALIB

Normal or in

7-12

11. Check Gate Current for Channel 2

a. Equipment setup is shown in Fig. 7-13

b. Connect a 50.0hm termination to the Channel 2 IN
PUT connector

c. Check that the Channel 2 VOLTS/CM swilch is set to
005 and the frace is positioned to the horizontal centerline,

d. CHECK—Set the Channel 2 INPUT SELECTOR swiich
to AC and note the amount of trace shift; should not ex-
ceed 2 mm,

12. Check Gate Current for Channel 1

0. Equipment setup is shown in Fig. 7-13.

b. Move the 50-ohm termination from the Channel 2 IN-
PUT connector to the Channel 1 INPUT connector.

¢. Set MODE switch to CH | and check that the Channel
1 VOLTS/CM switch is set to .005.

d. Position the trace to the herizontal centerline with
the Channel 1 POSITION control.

(D)
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Channel 1

INV BAL

s R152

INV BAL
— ' R2s2

Channel 2

Fig. 7-14. Location of Channel 1 INV BAL adjustment,

e. CHECK-—Set the Channel 1 INPUT SELECTOR swilch 1o
AC and note the amount of trace shilt: should not exceed
2 mm.

f. Disconnect the 50-ohm termination

13. Adjust Channel 1 INV BAL (R152) 0

a. Equipment setup s shown in Fig. 7-13. [The 50-ohm

terminalion is not vsed.) J

<
b, Set Channel | INPUT SELECTOR switch to GND\@%’d
check thar the VOLTS/CM switch is set 1o .005 \\$

¢. Check that the trace is positioned to 1he\§§nzomor
centerline. Note the frace position

d. Set the Channel | PULL FOR INVERT switch to invert

e. CHECK-—That there is no trace shift when switching
to the invert posihon. If there is, leave the swilch in the
invert position

f. ADJUST—Channel 1 INV BAL control (see Fig. 7-14) to
vertically position the trace to the point noted in step ¢

NOTE

To check on the accuracy of your adjustment, se!
Channel 1 PULL FOR INVERT switch to normal,
Then repeal steps d and e and readjust, if neces-
sary, the Channel 1 INV BAL control for no trace
shift,

h. Set Channel 2 PULL FOR INVERT switch to normal

1. INTERACTION-—Dependent on proper adjustments per-
formed in steps 1 and 2

14. Adjust Channel 2 INV BAL (R252) 0

o. Equipment setup is shown in Fig. 7-13. (The 50-ohm

termination is not used.)

Fig. 7-15. Locotion of Channel 2 INV BAL adjusiment

b. Set the Channel 2 INPUT SELECTOR switch to GND
and the MODE switch to CH 2. Check that the Channel 2
VOLTS/CM switch is set 1o .005.

¢. Check that the trace is positioned to the horizontal
centerline. Note the position of the trace.

Q(d Set the Channel 2 PULL FOR INVERT switch to invert,
(9)

e, CHECK—Thot there is no trace shift when switching
to the invert position, If there is, leave the switch in the
invert position

g. ADJUST—Channel 2 INV BAL control (see Fig. 7-15) to
vertically position the trace to the point noted in step c.

NOTE

To check on the accuracy of your adjusiment, set
Channel 2 PULL FOR INVERT switch to normal.
Then repeat steps d and e ond readjust, if neces.
sary, the Channel 2 INV BAL control for no trace
shift,

h. Set Channel 2 PULL FOR INVERT switch to normal

i. INTERACTION—Dependent on proper adjustments per-
formed in steps 3 and 4

15. Check Chopped-Mode Operation

a. Equipment setup is shown in Fig. 7-13. (The 50-ohm
termination i1s not used).

b. Set the MODE switch to CHOP, Two free-running
traces should be displayed.

¢. Check that both VOLTS/CM switches are set to 005
and the INPUT SELECTOR switches are set to GND.

d Using the Channel 1 and 2 POSITION controls, pesi-
tion the Channel 1 trece above the Chonnel 2 trace. Separ-
ate the traces so they are about two cm apart and the dis
play i1s centered on the CRT
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0.833 us

1.25 ps
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T Sweep Rate: 0.5 us/cm
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I
I Sweep Rate: 0.5 us/cm

(B)

Fig. 7-16. (A) Unblanked chopped-mode waveform; and (B)
switching portion of waveform blanked out.

e. Set the oscilloscope Time/Cm switch to 0.5 psec and
adjust the Triggering Level control to obtain a stable dis-
play.

f. Horizontally position the display so the display starts
near the left side of the graticule.

g. CHECK—The repetition rate of the displayed waveform.
The repetition rate should be 1 MHz, within a tolerance of
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+20%. This is equal to a time duration of 0.833 pus to
1.25 us for one cycle (see Fig. 7-16A).

h. Set the oscilloscope CRT Cathode Selector switch to
the Chopped Blanking position.

i. CHECK—That the switching portion of the trace from
one channel to the next blanks out (becomes dim) at normal
intensity. This indicates that the Type 1A1 blanking pulses
are blanking the beam during the switching-time interval
between channels (see Fig. 7-16B).

i- Set the oscilloscope Time/Cm switch to .1 msec and
free run the time base.

k. CHECK—That at normal intensity, the width (thickness)
of the traces is about 2 mm or less.

NOTE

If the trace for one channel is too wide because of
excessive tilting or distortion of the trace segments,
a defective series (Channel 1, D421 or D424;
Channel 2, D451 or D454) or shunt (Channel 1,
D422 or D423, Channel 2, D452 or D453) diode
could cause the trouble.

. Set the CRT Cathode Selector Switch to the Ext CRT
Cathode position.

16. Check Alternate-Mode Operation
a. Set the MODE switch to the ALT position.

b. Check that the oscilloscope Triggering Level control
is set fully clockwise to free run the time base.

c. CHECK—For a two-trace display on the CRT.

d. Set the test oscilloscope Time/Cm switch to various
sweep rates. At the slower sweep rates check that the traces
run alternately across the face of the CRT; at the faster sweep
rates check that a two-trace display is obtained.
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18 inch, 50 ohm
Coble

BNC T
Conneclor

42 inch, 50 ohm Cable

Fig. 7-17. Equipmeni setup for step 17.

Type 547 Oscilloscope

Horizontal Display
Sweep Magnifier
Single Sweep Switch
Triggering Level

Triggering Source
Triggering Coupling
Triggering Slope
Triggering Mode
Time/Cm

Variable [Time/Cm)
Horizontal Position

B
<1 Off
MNorma!

Fully clockwise and
pushed in

Plug-In Int

AC

|

Auto Stability

.5 msec

Caolibrated

Trace positioned to

start at left graticule

line

Amplitude Calibrator .1 Velt

Type 1A1
MODE ALT
POSITION

{bath channels)

PULL FOR INVERT
(both channels)

VARIABLE VOLTS/CM
(both channels)

VOLTS/CM
(both channels)

INPUT SELECTOR
(both channels)

Near midrange

MNormal or in

CALIB

05

AC



Calibration—Type 1Al

i -
bbb 11--4_- n b bl
RS T T b
-+
==
T
I
+
I
I
P P b=t e SR " 4
T (rrerreey Tifr YYYY--IIII L T
I
e —— — E
T
e
1 TTTTT - -
HH T +HHH
(c)

Fig. 7-18. Waveform displays obtained when checking Add Mode

of operation (step 17).
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17. Check Add Mode Operation

a. Test equipment setup with connections made at com-
pletion of step 17d, is shown in Fig. 7-17.

b. Connect a BNC T connector to the Channel 2 INPUT
connector.

c. Connect a 42-inch 50-ohm cable between the oscillo-
scope Calibrator Output connector and the BNC T connec-
tor.

d. Connect an 18-inch 50-chm cable from Channel 2 IN-
PUT connector to Channel 1 INPUT connector.

e. Adjust the Triggering Level control to obtain a stable
display.

f. CHECK—For two calibrator waveforms, each two cm in
amplitude, displayed on the CRT (see Fig. 7-18A).

g. Set the MODE switch to ADD.

h. CHECK—That with the same amount of calibrator sig-
nal applied fo both channels of the Type 1Al as in step
17f, a single calibrator waveform display four cm in ampli-
tude is obtained (see Fig. 7-18B).

i. Set Channel 1 PULL FOR INVERT switch to invert.

|- Set the oscilloscope calibrator for an output of 0.5
volt,

k. 'CHECK—The two signals should differentially cancel
edch other out within 0.5 cm (see Fig. 7-18C).

NOTE

If the cancellation just described takes place, set
Channel 1 PULL FOR INVERT switch to normal and
Channel 2 PULL FOR INVERT switch to invert. Now
check for proper cancellation. The Type 1Al is
operating satisfactorily if either condition will per-
mit proper cancellation of the signals.

|. Disconnect the BNC T connector and the 50-ohm coaxial
cables.

m. Set the oscilloscope Amplitude Calibrator switch to

Off.
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42 inch, 50 ohm
Cable

18 inch, 50 ohm
Cable

,\\

Control Settings

Fig. 7-19. Equipment selup for step 18,

Type 547 Oscilloscope

Horizontal Display
Sweep Magnifier
Single Sweep Switch
Triggering Level

Triggering Source
Triggering Coupling
Triggering Slope
Triggering Mode
Time/Cm

Variable [Time/Cm)
Horizontal Position

B
<1 O
Normal

Fully clockwise and
pushed in

Norm Int
AC

Auto Stability
S msec
Calibrated

Trace positioned to
start at left graticule
line

Amplitude Calibrator 10 mVolts
Type 1A1

MODE CH 2

POSITION

(both channels)

PULL FOR INVERT
(Channel 1)

Near Midrange

Noarmal or in

PULL FOR INVERT
{Channel 2)

VARIABLE VOLTS/CM

Normal or in

(both channels) CALIB
VOLTS/CM (Chan- .005
nel 1)
VOLTS/CM (Chan. 05
nel 2)
INPUT SELECTOR
(both channels) AC
= . T T 17
| S
1 I
i I
: T
botorapovanapon 0¢4o+1+f-¢:¢ am s e s -+t #%r +—+
u i |
NN
- - §——— . : - -4:~
| E 1

Fig. 7-20. Channel 1 signal out emplifier waveform.
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18. Check Channel 1 Signal Out Amplifier
Gain

a. Test equipment setup, with connections made at com-

pletion of step 18d, is shown in Fig. 7-19.

b. Connect a 18-inch 50-ohm cable from the CH 1 SIG-

NAL OUT connector to the Channel 2 INPUT connector.

c. Connect a 42-inch 50-chm cable from the oscillescope
Calibrator QOutput connector to the Channel 1 INPUT con-
nector.

d. Adjust the oscilloscope Triggering Level control to
obtain a stable display.

e. CHECK—That the peak-to-peck amplitude of the dis-
play is two ecm (100 mV), =2 mm (see Fig. 7-20). This is a
gain of 10X, +10%.

42 inch, 50 ohm
Cable

y

@ eseee

!
!

--u—l--.I

18 inch, 50 ohm
Cable

Fig. 7-21. Equipmen! setup for step 19.

Control Settings

Type 547 Oscilloscope

Horizontal Display B

Sweep Magnifier X1 Off

Single Sweep Switch Normal

Triggering Level Near 0 and pushed in
Triggering Source Norm Int

Triggering Coupling AC

Triggering Slope 4

Triggering Mode Auto Stability

Time/Cm 5 msec

Variable (Time/Cm) Calibrated

Horizental Position Trace positioned to
start at left graticule

line

7-18

Amplitude Calibrator 10 mYolts

Type 1A1

MODE CH 2

POSITION
(both channels)

PULL FOR INVERT
(both channels)

VARIABLE VOLTS/CM

Near midrange

Normal or in

|both channels) CALIB
VOLTS/CM (Chan- 005

nel 1)
VOLTS/CM (Chan-

nel 2) 5
INPUT SELECTOR

(both channels) AC

®i



19. Check Channel 1 Trigger Out Amplifier
Gain
a. Test equipment setup, with connections made at com-

pletion of step 19b, is shown in Fig. 7-21.

b. Disconnect the 18-inch cable from the CH 1 SIGNAL
OUT connector and connect it to the CH 1 TRIGGER OUT
connector. (The Channel 1 trigger output signal should now
be applied to Channel 2 INPUT.)

c. CHECK—That the peak-to-peak amplitude of the dis-
play is two cm (1 V) =4 mm (see Fig. 7-22). This is a gain
of 100X, +20%.

d. Disconnect the two 50-ohm coaxial cables.

e. Set the oscilloscope Amplitude Calibrator switch to
Off.

Calibration—Type 1Al
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Fig. 7-22. Channel 1 trigger output amplifier gain.
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Standard
Amplitude
Calibratar

42 inch, 50 ohm

Coble
Fig. 7-23. Test equigment setup for step 20.
Control Settings VOLTS/CM (Chan-
nel 2) .005
INPUT SELECTOR
Type 547 Oscilloscope (both channels) DeC
Horizonlal Display B
Sweep Magnifier <1 Off Standard Amplitude Calibrator
Single Sweep Switch Normal Amplitude 20 mVolts
Triggering Level Near 0 and pushed in Mode Square
Triggering Source Norm Int Mixed Up
Triggering Coupling AC %100 Amplifer Not Applicable
Triggering Slope + Power On
Triggering Mode Auto Stability
Time/Cm 5 msec
Variable (Time/Cm) Calibrated 20. Check VOLTS/CM Attenuation Ratios
Horizontal Position Trace positioned to (Both Channels)
start ot left graticule .
ling a. Test equipment setup, with connections made at com-
Amplitude Calibrator Off pletion of step 20b, is shown in Fig. 7-23.
b. Connect a 42-inch 50-ohm cable from Channel 1 IN-
Type 1A1 PUT connector to the Standard Amplitude Calibrator out-
put connector,
MODE CH 1 )
POSITION c. Check that the Standard Amplitude Calibrator is set
[both channels) Midrange for an output of 20 mV.
PULL FOR INVERT : - -
d. Ad th I T trol
{both channels) Normal or in oblain clu:;b‘cedi?;;:scope nggenng Level confrol 1o
VARIABLE VOLTS/CM '
[both channels) CALIB e. Using the Channel 1 POSITION control, align the dis-
VOLTS/CM Chan- play with the graticule lines so the amplitude can be meas-
nel 1) 005 ured easily.

7-20




f. CHECK—For proper vertical deflection at each Channel
1 VOLTS/CM switch position by using Table 7-1 as a con-
convenient guide. Accuracy is ==3% for the .01, .02 and .1
through 20 switch positions when the gain is accurately set at
the .005 and .05 positions.

g. After checking the attenuation ratios of the Channel 1
VOLTS/CM switch, set the Standard Amplitude Calibrator
for @ 20 mV output.

h. Apply the calibrator signal to the Channel 2 INPUT
connector.

i. Set the MODE switch to CH 2.

|. CHECK—For proper vertical deflection at each Chan-
nel 2 VOLT/CM switch position. Use Table 7-1 as a guide.

k. After completing the previous step, turn off the Stand-
ard Amplitude Calibrator and disconnect the 50-ohm coaxial
cable.

Calibration—Type 1A1

TABLE 7-1
Standard

Amplitude Vertical Maximum
VOLTS/CM |Calibrator Output | Deflec- Error for

Switch (peak to peak) |[tion in *3%
Setting Vertical cm Accuracy
.005 20 mVolts 4 Adjusted®
01 50 mVolts 5 +1.5 mm
.02 .1 Volts 5 +1.5 mm
.05 2 Volt 4 Adjusted®
| .5 Volt 5 +1.5 mm
2 1 Volt 5 +1.5 mm
5 2 Volts 4 +1.2 mm
1 5 Volts 5 =+1.5 mm
2 10 Volts 5 +1.5 mm
5 20 Volts 4 =+1.2 mm
10 50 Volts 5 +1.5 mm
20 100 Volts 5 #+1.5 mm

“The amplifier gain for these switch positions has been previously
adjusted for exact amplitude. See steps 5, 7, 9 and 10.
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\\

iX Type 106
Square-Wove Genaralor
15-pf Input A
Copaocitance
Normalizer

. 3

50 ohm
In-line
Termination

5-m
50-0hm 10 Attenuater
GR-to-BNC Cable
Adopter
<
Fig. 7-24. Test equipment setup for step 21.
Control Settings VOLTS/CM
{(both channels) .05
T 547 Oscill INPUT SELECTOR
me TaRIoaeone (both channels) DC
Horizontal Display B
Sweep Magnifier “ Off Type 106 Square-Wave Generator
Single Sweep Switch Normal Repetition Rate Range 1 kHz
Triggering Level Near 0 and pushed in Multiplier 25
Triggering Source Norm Int 5)"“"@“? Midrange
Triggering Couplin AC Amplitude Fully CCW
ggering Loupling Hi Amplitude Fast Rise Hi Amplitude
Triggering Slope + swilch
Triggering Mode Auto Stability Fast Rise controls Not applicable
Tume!Cm .5 msec Power On
Horizontal Position Trace positioned to start
_ . neor left graticule line 21. Adjust Input Capacitance and
Amplitude Calibrator Off Attenuator Compensation (Both Channels)
a. Test equipment selup, with connections made at com-
Type 1A1 pletion of step 21¢, is shown in Fig. 7-24,
MODE CH 1 b. Set the Type 106 Square-Wave Generator control to
POSITION the positions given in the list that precedes step 21.
(both channels) Near midronge c. Apply the 2.5kHz signal from the Type 106 high am-
PULL FOR INVERT ) plitude output connector through a 10X altenuator, 5-ns
9
(both channels) Normal or in 50-ohm cable, 50-ohm in-line termination and a 15-pF input
VARIABLE VOLTS/CM capacitance normalizer to the Channel 1 INPUT connector
(both channels) CALIB on the Type 1Al (see Fig. 7-24).
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(A} Sweep Rate:
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(8) Sweep Rate: 0.5 msec/cm

T

c) Sweep Rate: 0.5 msec/cm

Calibration—Type 1Al

(A)

(T‘)L

Incorrect
(Spike and no flat top)

S D= i —— = FYRNY SRS T T
‘5: “““““““ "'(:'?;T‘S‘“““““""T&: ““““
J} Incorrect

(Fast rolloff and
no flat top)

(B)

(c) Sweep Rate: 0.1 msec/cm

Fig. 7-25. (A) Correct waveform obtained when normalizing the
input capacitance of the Type 1Al; square-wave repetition rate is
2.5 kHz. (B) and (C) show incorrect waveforms.

d. Set the Type 106 Amplitude control to produce a dis-
play 4cm in amplitude.

e. Set the oscilloscope Triggering Level control to ob-
tain a stable display and use the Type 1A1 Channel 1 PO-
SITION control to center the display.

f. Set the Type 106 Symmetry control to obtain a sym-
metrical waveform display. If necessary, adjust the Multi-
plier control to obtain the 2.5kHz output repetition rate.

g. CHECK—The waveform should have a flat top similar
to the illustration shown in Fig. 7-25A. Overshoot or roll-
off on the top front corner of each cycle of the waveform
should not exceed 3% peak to peak or 0.9 mm on a 3-cm
waveform. Using Table 7-2 as a guide, check for a square
corner and flat top on the top front corner of the waveform
in all the other listed VOLTS/CM switch positions. Main-

®

Fig. 7-26. Waveform (A) shows the desired result obtained when
an attenuator frequency-compensating capacitor is adjusted correctly.
Waveforms (B) and (C) show effect obtained when both the shunt
and frequency-compensating capacitors are misadjusted. Square-
wave repetition rate is 2.5 kMz.

tain a 4cm display amplitude except for the 20 VOLTS/
CM position.

h. ADJUST—Using Table 7-2 as a guide adjust Channel
1 input capacitance and frequency compensation capacitors
{[see Fig. 7-27) for optimum flat top and square corner (see
Figs. 7-25A and 7-26A). Maintain a 4cm display (except
on the 20 VOLTS/CM switch setting where approximately
3c¢m is the maximum obtainable amplitude). Use the cali-
bration accessories where indicated in Table 7-2.

Waveforms shown in Figs. 7-25B and 7-25C shows the
effects obtained when an input shunt capacitor such as
C104 or CI05B is misadjusted. Waveforms shown in Figs.
7-26B and 7-26C show two effects obtained when an at-
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CHANNEL 1 “

\C1088
jcrosc

Fig. 7-27. Location of Channel 1 input shunt copocilonce and
attenvater adjustments associoted with the YVOLTS/CM switch position,

tenuator frequency-compensating capaciter such as C105C
15 misadjusted,

&,

\c2i08
c20c

CHANNEL 2

Fig. 7-28, Location of Channel 2 input shunt copocitance ond
ottenvator adjustments associoted with the VOLTS/CM switch position,

126"0!100 shown in Fig. 7-24 and described in step 2lc.

Using Table 7-2 and steps 21g through 211 as a guide,

i. After completing the check and adjustment procedure ((\{b check and adjust, if necessary, the input shunl capacitance

for Channel 1, set the Type 106 for minimum oulput a
plitude and disconnect the signal. $\$'
: . W

i Set the MODE switch to CH 2. y,\\'.

AN
k. Apply the 25kHz signal from the Type 106 to the
Channel 2 INPUT connector. The setup is similar to the il-

and the allenuvator compensation adjustments for Chan-
nel 2. Fig. 7-28 shows the physical location of each Chan-
nel 2 adjusiment

m. After completing the Channel 2 adjustments, check
that the Type 106 is sel for minimum output amplitude and
is disconnected from the Channel 2 INPUT conneclor.

TABLE 7-2

Input Copacitance Normalization

and Frequency Compensation

VOLTS/CM Use Use Use GR- Use
Switch 10X 500 to-BNC RC
Setting Atten Term Adapter Norm

05 X X X

i N X X X
2 X X

5 X X

i X X

2 X X

5 X X

10 X X

20 - X X

Channel 1 Channel 2
“Input "Freq “Input "Freq
Shunt Comp Shunt Comp
Cap Cap Cap Cap
C104 None C204 None
C1058 C105C C2058 C205C
C1068 C106C C2068 C206C
C1078 C107C C2078 C207C
C1088 C108C C2088 C208C
C1098 C109C C2098 C209C
C1108 cnoc C2108 C210C
Cl1B cmc C2118 Cc211C
C1128 cnac C2128 c212C

‘Use @ 0.5 ms/ecm sweoep rate ond adjust for optimum flat top.

‘Use @ 0.1 ms/em sweep rate and odjust for optimum leading corner [minimum fost rolloff or spike).
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50 ohm
In Line
Termination

i Type 106
! Square-Wave Generator

Qeson
EX T

| @ o

.

50 ohm
Cable LL B

Attenuvaler

s

Fig. 7-29. Tes! equipmentvetup for steps 22 and 23.

Control Settings
Type 547 Oscilloscope

Horizontal Display B

Sweep Magnifier X1 Off

Single Sweep Switch Normal

Triggering Level Near 0 and pushed in
Triggering Source Norm Int

Triggering Coupling AC

Triggering Slope RS

Triggering Mode Auto Stability
Time/Cm 5 1Sec

Variable (Time/Cm) Calibrated

Trace positioned to
start at left graticule

Horizontal Position

line
Amplitude Calibrator Off
Type 1A1
MODE CH 1
POSITION

(both channels) Near midrange
PULL FOR INVERT
(both channels)

VARIABLE YOLTS/CM

Normal or in

(both channels) CALIB
VOLTS/CM

(both channels) .05
INPUT SELECTOR

(both channels) DC

(O

Type 106 Square-Wave Generator

Repetition Rate Range 100 kHz
Multiplier 1
Symmetry Midrange
Amplitude Not applicable
Hi Amplitude Fast Rise

switch Fast Rise

4+ Transition Amplitude Near minimum
—Transition Amplitude Not applicable
Power On

22. Adjust High-Frequency Compensation @
at .05 Volts/Cm (Both Channels)

a. Test equipment, with connections made at comple-
tion of step 22¢, is shown in Fig. 7-29.

b. Check that the controls are set as given in the list
that precedes step 22.

c. Apply the 100-kHz fast-rise signal from the +4OQutput
connector on the Type 106 through a 5-ns cable and 50-
ohm in-line termination to the Type 1Al Channel 1 INPUT
conneclor (see Fig. 7-29).

d. Set the Type 106 -Transiton Amplilude control to
obtain a 4-cm amplitude display. Set the Symmetry control
to obtain a symmetrical waveform and, if necessary, ad-
just the Multiplier control to obtain the 100 kHz output rep-
etition rate, Use the Type 1Al Channel 1 position control
to center the display.
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e. Set the oscilloscope Time/Cm switch to .1 uSec.

f. Use the oscilloscope Horizontal Position and Type
1Al Channel 1 POSITION controls to move the waveform
near the location shown in Fig. 7-30A.

g. CHECK—Channel 1 CRT display for optimum square
corner (see Fig. 7-30A). Ringing, rounding, overshoot and
tilt should not exceed 1.6 mm (or 4%) peak to peak when
a 4-cm positive-going square wave is displayed. Fig. 7-30B
shows the appearance of the waveform when the Sweep
Magnifier switch is set to X5.

o?m.““m ISquare Corner
| and Flat Top within
1.6 mm Peak-to-Peak

.......... [INENENER

Sweep Rate:
0.1 usec/cm

A} Channel 1.

I — ISR ISR NSO S S S I —

- L 1 1 i A S Sweep Rate:
20 nsec/cm
(B) Channel 1.
1
—_— lI-(-—-- C128, L460, L470
]
1 —_— Il-!-l—cus, C476,
SR S (= ¢ o SRR T TR CU
90 % —t——
!‘7 +—+ .‘?I€_?§"? + —
> C156 He—
| | 1 "r
} ——C152 —=§
¥ SR 5 Lk o Sweep Rate:
20 nsec/cm

(C) Channel 1,

Fig. 7-30. Typical Ch 11 f . d when the high-
frequency comg ing adj its are set properly at a vertical
deflection factor of 0.05 volts/em. Waveforms (C) shows the
approximate time domain affected by each adjustment.
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h. ADJUST—C125, C128, Ci152, C156, C4é6, C476, L4640
and L470 (see Fig. 7-31) for optimum high-frequency response
to a square wave. The resulting waveform may have a
slightly overpeaked front corner and a slight dip that follows
the corner within specification limits.

A suggested procedure for performing these adjustments
is provided in Table 7-3. Fig. 7-30C shows the approximate
time domain on the waveform affected by each adjust-
ment. Time reference is the 90% amplitude level on the ris-
ing portion of the waveform.

TABLE 7-3
Adjusting
Sequence | Adjustment Procedure®
1 L460 Turn so bottom of slug is flush
with bottom of coil form.
L470 Turn so bottom of slug is flush
with bottom of coil form and
then turn slug 3 turns clock-
wise into coil.
2 C466 Adjust for maximum top-front
and corner peaking.
C476
3 C152 Adjust for best flat top in the
60-ns front corner region.
4 C156 Adjust for best flat top in the
30-ns front corner region.
5 C128 Adjust for maximum top-front
corner peaking.
6 C125 Insert the hexagonal wrench
and in L460 slug. Work C125 and
L460 L460 together to obtain the
fast risetime and optimum
top-front corner in the 5-ns
region.
7 C125 Using a similar technique as
and given for C125 and L460,
L470 work C125 and L470 together
for fast risetime and optimum
front corner.
8 C125, L460 | Adjust in small increments to
and L470 | obtain a fast risetime and op-
timum front corner.
9 C156 Readijust C156, if necessary, to
obtain best square corner.
C125 and | Readjust, if necessary to ob-
L470 tain optimum top front cor-
ner.
C156 and | Readjust, if necessary, to ob-
C125 tain optimum top front cor-
ner.
10 C152 Set the Sweep Magnifier
switch to X1 Off. Readjust
C152 for best long term over-
all flat-top characteristics.

@1



Calibration—Type 1Al

QUTPUT AMPLIFIER
CARD pe CHANNEL 1

‘_ CHANNEL 2

IA) Bottom View

@

(B) Rear View

Fig. 7-31. (A) Bottem and (B) rear views of the Type 1AL showing locations of high-frequency p ting ad|ustments

n €125, 1460 |

If more peaking is desired,
or L470 )

these adjustments canSbe re-
adjusted for slight overshoot
within specifications.

i. Disconnect the termination from the Channel 1 IN-
PUT connector and connect it to the Channel 2 INPUT con-
nector so the signal is applied to Channel 2, Set the MODE
switch CH 2.

j. CHECK—Channel 2 CRT display for optimum square
corner [see Fig. 7-32A). Ringing, rounding, overshoot and
tilt should not exceed 1.6 mm (or 4%) peak to peak for a
4.cm omplitude display.

k. ADJUST-—C252, C256, C228 and C225 (see Fig. 7-31A)
for optimum top leading corner and flat top on the displayed
waveform. Use the adjusting sequence as described for 5
through 13 in Table 7-3 as a guide for performing the Chan-
nel 2 adjustments. When adjusting C225, work C225 together
with L460 and L470 for fast risetime and optimum front corner.

I. Apply the Type 106 signal to the Channel 1 INPUT
connector, set the MODE switch to CH 1, recheck the Chan-
nel 1 waveform. If necessary, readjust C125 for optimum
front corner.

NOTE

Through repeated adjustments of L460, L470,
C125 (using Channel 1) and C225 (using Chan-

i

nel 2), achieve the best compromise setting to
make the channel waveforms look similar to each
other.

23. Adjust High-Frequency Compensation at
.005 Volts/Cm (Both Channels) 0

a. Test equipment setup is similor to that shown in Fig.
7-29

b. Check that the signal is applied to the Channel 1
INPUT connector and the MODE switch is set to CH 1.

c. Insert @ 10X atenuator between Type 106 + Output
connector and the 5-ns coble. Set the Type 1A1 Channel
1 VOLTS/CM switch to .005.

d. If necessary, set the Type 106 +Transition Amplitude
control to obtain a 4.cm display, Check that the waveform
is positioned near the location shown in Fig. 7-33A.

e. CHECK—Channel 1 CRT display for optimum square
corner (see Fig. 7-33A). Ringing, rounding, overshoot and
tilt should not exceed 1.6 mm (or 4%) peak to peak for a
4.cm amplitude display.

f. ADJUST—CI29D (see Fig. 7-31A) for optimum top lead-
ing corner on the displayed waveform. If C129D has in-
sufficient range, change shunt capacitor C129F (see Fig.
7-31A) to a value that permits proper adjustment range.
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[0 W]

Optimum Square Corner
and Flat Top within
RS 6 mm Peak-to-Peak

||
EEEEERENEN

Sweep Rate:
0.1 ysec/cm

(A) Channel 2,

Sweep Rate:
20 nsec/cm

(B) Channel 2.

Optimum Square Corner
and Flat Top within

4 em 7 1.6 mm Peak-to-Peak
|
|
__________ Soes I O ) BT L RS s Sy
e | Sweep Rate: |
0.1 usec/em

(A) Channel 1.
I | | | | ¥
-~ Optimum Square Corner A% - T B .
- and Flat Top within .< PR |FTTR. TR

1.6 mm Peak-to-Peak

Sweep Rate: |
0.1 pusec/em

(B) Channel 2.

Fig. 7-32. Typical Ch 1 2 d when the high-
frequency-compensating adjustments are set properly at a vertical
deflection factor of 0.05 volts/cm.

g. INTERACTION—If C129D is adjusted, check Chan-
nel 1 waveform at a vertical deflection factor of .05 volts/
cm using step 22 as a guide for the setup. Adjust C128
if the top leading corner is not optimum.

h. Disconnect the signal from the Channel 1 INPUT con-
nector and apply it to the Channel 2 INPUT connector.

i. Set the MODE switch to CH 2 and the Channel 2
VOLTS/CM switch to .005.

j- Check that the waveform is 4cm in amplitude and
positioned to the same location as described for the pre-
vious channel.
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Fig. 7-33. Typical Channel 1 and 2 waveforms obtained when
C129D and C229D are set properly at a vertical deflection factor
of 0.005 volts/cm.

k. CHECK—Channel 2 CRT display for optimum square
corner [see Fig. 7-33B). Ringing, rounding, overshoot and
tilt should not exceed 1.6 mm (or 4%) peak to peak for a
4-cm amplitude display.

I. ADJUST—C229D (see Fig. 7-31A) for optimum top lead-
ing corner on the displayed waveform. If C229D has in-
sufficient range, change shunt capacitor C229F (see Fig.
7-31A) to a value that permits proper adjustment range.

m. INTERACTION—If C229D is adjusted, check Channel
2 waveform at a vertical deflection factor of .05 volts/cm
using step 22 as a guide for the setup. Adjust C228 if the
top leading corner is not optimum.

n. Disconnect the Type 106 signal from the Type 1A1.
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Calibration—Type 1A1

p————

50 ohm
In line
Termination

18 inch, 50 ohm
Coble

Type 191
Constant Amplitude
Signal Generator

Cable

S

Control Settings

Fig. 7-34, Test equipmentDietup for steps 24 and 25,

INPUT SELECTOR

Type 547 Oscilloscope

(both channels)

DC

Horizontal Display B
Sweep Magnifier X1 Off
Single Sweep Switch Normal

Triggering Level
Triggering Source
Triggering Coupling
Triggering Slope
Triggering Mode
Time/Cm

Variable (Time/Cm)
Horizontal Position

Amplitude Calibrator

Fully CW and pushed in
Norm Int

AC

Auto Stability

.05 ms

Calibrated

Trace positioned to start
at left graticule line

Off

Type 1A1
MODE CH 1
POSITION
(both channel) Midrange

PULL FOR INVERT
|both channels)

VARIABLE VOLTS/CM

{both channels)

VOLTS/CM
(both channels)

Normal or in

CALIB

.05

Type 191 Constant Amplitude Signal Generator

Frequency dial 45 MHz
Frequency Range 50 kHz Only
Amplitude 20

Variable Cal
Amplitude Range 50500 mV
Power On

24. Check Upper Bandwidth Limit (Both
Channels)

0. Test equipment setup, with connections made al com
pletion of step 24c, is shown in Fig, 7-34,

b. Check that the controls are set as given in the list that
precedes step 24,

c. Apply the 50-kHz reference signal from the Type 191
Output connector through a 5-ns cable and a 50.0hm in-line
termination fo the Type 1Al Channel 1 INPUT connector
[see Fig. 7-34).

d. Adjust the Type 191 Amplitude controls se the dis-
play is exactly 4dcm in amplitude. This is the reference am-
plitude [see Fig. 7-35A).

e. Set the Type 191 Frequency Range switch to 42-100.
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i8] Upper bandwidth limit 3-dB down peint.

Fig. 7-35. Typical CRT displays oblained when checking the upper
bandwidth limit. Sweep rate: 0.5 msec/cm free running,

f. Without changing the Type 191 output amplitudg, in-
crease the oulput frequency unlil the vertical deflestion is
reduced to 28¢m (see Fig. 7-35B). This is the 309 down
voltage point (equivalent to —3dB). Use the Channel |
POSITION control to position the display to permit accurate
measurement of amplitude.

g. CHECK—Channel 1 upper bandwidth limit at a verti.
cal deflection factor of 0.05 velts/em should be 50 MHz or
higher.

NOTE

If the 3-dB down point is slightly less than 50
MHz consider tha! the accuracy of the Type 191
is within £2% of the selected frequency, within
+ 4%, of indicated amplitude using the 50-500
mV range and * 5% of indicated amplitude using
the 5-50 mV range into a 50-ohm =% 1% termina-
tion. In addition, consider that the high-frequency
response of the oscilloscope vertical amplifier must
meel its requirements. Riselime may be calculated
using the formula given in the characteristics sec-
tion.

h. Set the Type 191 Frequency dial to 45 MHz and the
Frequency Range switch to 50 kHz Only.

i. Disconnect the signal from the Channel 1 INPUT con-
nector.

i. Set the MODE switch to CH 2.
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k. CHECK—Using steps 24d through 24g as a guide,
check Channel 2 upper bandwidth for a limit of 50 MHz
or higher.

|. Set the Type 191 Frequency dial to 25 MHz, the Fre-
quency Range switch to 50kHz Only, and the Amplitude
Range switch to 5-50 mV.

m. Set the Channel 2 VOLTS/CM switch to .005.

n. If necessary, adjust the Type 191 Amplitude controls
so the display is exactly 4 em in amplitude. This is the rel-
erence amplitude (see Fig. 7-35A).

o. Set the Type 191 Frequency Range switch to 18-42,

p. Without changing the Type 191 output amplitude, in-
crease the output frequency until the vertical deflection is
reduced to 2.8 ¢m (see Fig. 7-358). Use the Channel 2 PO.
SITION control to position the disploy to permit accurate
measurement of amplitude.

q. CHECK—Channel 2 upper bandwidth limit at o ver-
tical deflection factar of 0,005 volis/ecm should be 28 MHz
or higher.

r. Disconnect the signal from the Channel 2 INPUT con-
nector and connect it to the Channel 1 INPUT connector.

s. Set the MODE swilch to CH 1 and the Channel 1
VOLTS/CM switch to .005.

t. Set the Type 191 Frequency dial to 25 MHz and the
Frequency Range switch to 50 kHz ONLY.

v, CHECK—Using steps 24n through 24q as a guide,
check Channel 1 upper bandwidth for a limit of 28 MHz
or higher.

25. Check Upper Bandwidth Limit of Channel
1 Signal Out Amplifier

a. Test equipment setup is similar to that shown in Fig.
7-34,

b. Place the oscilloscope in the upright position.

c. Set the controls as follows:

Type 1A1
MODE CH 2
VOLTS/CM
{both channels) 05
INPUT SELECTOR
[Channel 2) AC
Type 191
Frequency dial 35 MHz
Frequency Range 50 kHz ONLY
Amplitude 20
Amplitude Range 50-500 mV

d. Connect an 18-inch 50-ohm cable from the CH 1 SIG-
NAL OQUT connector to the Channel 2 INPUT connector.

®



e. Adjust the Type 191 Amplitude controls so the display
is exactly 4 cm in amplitude (see Fig. 7-35A).

f. Disconnect the end of the 18-inch cable that connects
to Channel 2 INPUT connector.

g. Disconnect the signal from the Channel 1 INPUT con-
nector and connect it to the Channel 2 INPUT connector.
Note the exact amount of vertical deflection.

h. Set the Type 191 Frequency Range switch to 18-42.
Check that the Frequency dial is set to 35 MHz.

i. Adjust the Type 191 Amplitude controls to obtain the
same vertical deflection as that noted in step 25g.

{. Disconnect the signal from the Channel 2 INPUT con-
nector and reconnect it to the Channel 1 INPUT connector.

Calibration—Type TA1

k. Reconnect the 18-inch cable to the Channel 2 INPUT
connector. Check that the signal is applied from the CH
1 SIGNAL OUT connector to Channel 2.

I. CHECK—The CRT display should be 2.8 cm in ampli-
tude or more. This indicates the upper bandwidth limit for
the Channel 1 Signal Out Amplifier is 35 MHz or higher.

NOTE

Steps 25g through 25i in the procedure use a
technique that eliminates Channel 2 and the oscil-
loscope as factors when determining the upper
bandwidth limit for the Signal Out Amplifier alone.

m. Disconnect the signal from the Channel 1 INPUT con-

nector and turn off the Type 191 Constant Amplitude Signal
Generator. Leave the 18-inch cable connected as is.
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50 ohm
In line
Termination

18 inch, 50 ohm
Cable

S

Type 106
Square Wave Generator

S<my, 50 ohm
Cable

Control Settings

Fig. 7-36. Test equipmen! setup for step 26,

Type 547 Oscilloscope

Horizontal Display
Single Sweep Switch
Sweep Magnifier
Triggering Level
Triggering Soure
Tnggering Coupling
Triggering Slope
Triggering Mode
Time/Cm

Variable {Time/Cm)
Horizontal Position

B
X1 Off
Neormal

Near 0 and pushed in
Norm Int

AC

Auto Stability

.1 usec

Calibrated

Trace positioned to start
near center graticule

vertical line
Amplitude Calibrator Off
Type 1A1
MODE CH 2
POSITION

iboth channels)

7-32

Near midrange

PULL FOR INVERT
[both channels)
VARIABLE VOLTS/CM
(both channels)
VOLTS/CM
(Channel 1)
VOLTS/CM
(Channel 2)
INPUT SELECTOR
(Channel 1)

INPUT SELECTOR
(Channel 2)

Normal or in

CALIB

05

5

DC

AC

Type 106 Square-Wave Generator

Repetition Rate Range
Multiplier

Symmetry

Amplitude

Hi Amplitude Fast Rise
switch

+Transition Amplitude
—Transition Amplitude
Power

100 kHz

1

Midrange

Not applicable
Fast Rise

Near midrange
Not applicable
On




26. Check Channel 1 Trigger Out Amplifier
Risetime

a. Test equipment setup, with connections made to com-
pletion of step 26d, is shown in Fig. 7-36.

b. Check that the controls are set as given in the list
that precedes step 26.

<. Apply the 100-kHz fast-rise signal from the +Output
connector on the Type 106 through a 5-ns cable and a 50-
ohm in-line termination to the Type 1Al Channel 1 INPUT
connector (see Fig. 7-36).

d. Disconnect the end of the 18-inch cable that connects
to the CH 1 SIGNAL OUT connector and connect it to the
CH 1 TRIGGER OUT connector. (The Channel 1 trigger out-
put signal should now be applied to the Channel 2 INPUT.)

e. Set the Type 106 +Transition Amplitude control to
obtain a 4-cm amplitude display. Use the Type 1A1 Chan-
nel 2 POSITION control to center the display.

f. Set the oscilloscope Sweep Magnifier switch to X5
and position the waveform similar to the location shown
in Fig. 7-37.

g. CHECK—Measure the risetime of the waveform from
the 10% to 90% points. Check that the risetime is 70-ns
or faster. The risetime of the waveform shown in Fig. 7-37
is 40 ns.

Calibration—Type 1A1
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Fig. 7-37. Measuring the risetime at the CH 1 TRIGGER OUT wave-
form. Risetime should be 70 ns or faster; waveform shown above
has a risetime of 40 ns. Sweep rate: 20 nsec/cm,

This completes the calibration procedure for the Type
1Al. Turn off the Type 106 Square-Wave Generator and
disconnect it from the Type 1Al1. Reinstall the left side and
bottom covers on the oscilloscope. If the Type 1Al has
been completely calibrated to the tolerances given in this
procedure, it will perform to the limits given in the Char-
acteristics section of this Instruction Manual.
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PARTS LIST ABBREVIATIONS

BHB binding head brass int internal

BHS binding head steel Ig length or long
cap. capacitor met. metal

cer ceramic mtg hdw mounting hardware
comp composition oD outside diameter
conn connector OHB oval head brass
CRT cathode-ray tube OHS oval head steel
csk countersunk PHB pan head brass
DE double end PHS pan head steel

dia diameter plstc plastic

div division PMC paper, metal cased
elect. electrolytic poly polystyrene

EMC electrolytic, metal cased prec precision

EMT electrolytic, metal tubular PT paper, tubular

ext external PTM paper or plastic, tubular, molded
F&I focus and intensity RHB round head brass
FHB flat head brass RHS round head steel
FHS flat head steel SE single end

Fil HB fillister head brass SN or S/N serial number

Fil HS fillister head steel SW switch

h height or high TC temperature compensated
hex. hexagonal THB fruss head brass
HHB hex head brass thk thick

HHS hex head steel THS truss head steel
HSB hex socket brass tub. tubular

HSS hex socket steel var variable

ID inside diameter w wide or width

incd incandescent WW wire-wound



PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field
Office or representative.

Changes to Tekironix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial or model number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change

in part number.

>(000
00X
*000-0000-00

Use 000-0000-00
0

SPECIAL NOTES AND SYMBOLS
Part first added at this serial number
Part removed after this serial number

Asterisk preceding Tektronix Part Number indicates manufactured by
or for Tekironix, Inc., or reworked or checked components.

Part number indicated is direct replacement.

Screwdriver adjustment.

: Control, adjustment or connector.



SECTION 8
ELECTRICAL PARTS

Values are fixed unless marked Variable.

LIST

Type 1Al

Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description
Capacitors

Tolerance ==20% unless otherwise indicated.
C102 *285-0751-00 0.1 uF MT 600V
c103 281-0613-00 10 pF Cer 200V 10%
C104 281-0044-00 0.2-1.5pF, Var Tub.
C105A 281-0537-00 0.68 pF Selected [nominal value)
C1058 281-0064-00 0.2-1.5 pF, Var Tub.
C105C 281-0081-00 1.8-13 pF, Var Air
C1068 281-0037-00 0.7-3 pF, Var Tub.
C106C 281-0027-00 0.7-3 pF, Var Tub.
C106D 281-0529-00 1.5 pF Selected (nominal value)
C107A 281-0547-00 20000 22709 2.7 pF Selected (nominal value)
C107A 281-0604-00 22710 2.2 pF Cer 500V =+0.25 pF
C1078 281-0037-00 0.7-3 pF, VYar Tub.
C107C 281-0037-00 0.7-3 pF, Var Tub.
C108A 281-0547-00 2.7 pF Selected (nominal value)
C1088B 281-0037-00 0.7-3 pF, Var Tub.
C108C 0.2-1.5pF, Var Tub.
C108E 281-0082-00 15 pF Mica 10%
C109A 281-0547-00 20000 22709 2.7 pF Selected (nominal value)
CI10%9A 281-0604-00 22710 2.2 pF Cer 500V =+0.25 pF
C109B 281-0037-00 0.7-3 pF, Var Tub.
C109C 0.2-1.5pF, Var Tub.
C109E 281-0083-00 50 pF Mica 10%
C110A 281-0547-00 27 pF Selected (nominal value}
C1108 281-0037-00 0.7-3 pF, Var Tub.
C110C 0.2-1.5 pF, Var Tub.
C110E 281-0084-00 20000 2509 o0 pF Mica 10%
c110C 0.2-1.5 pF, Var Tub.
C110€ BLOS00 22510 100 pF Mica 10%
CIMA 281-0547-00 27 pF Selected (nominal value)
ClliB 281-0037-00 0.7-3 pF, Var Tub.
Cinc 0.2-1.5pF, Var Tub.
CIE 281-0085-00 200 pF Mica 10%
C112A 281-0534-00 3.3pF Selected (nominal value)
Clia2s 281-0037-00 0.7-3 pF, Var Tub.
ciac 0.2-1.5 pF, Var Tub.
C112E 281-0086-00 500 pF Mica 10%
C118 290-0267-00 X26947 1 pF EMT 3By
cne 281-0534-00 20000 22919 1000 pF Cer 500V 10%
cng 281-0614-00 22920 6800 pF Cer 500 v +80% —20%
c12 290-0246-00 X26947 33 uF EMT 15V 10%
C129D 281-0063-00 9-35 pF, Var Cer
C129E 281-0552-00 25 pF Cer 500V
C129F 281-0519-00 20000 24819 47 pF Selected (nominal value)
CI129F 281-0512-00 24820 27 pF Selected (nominal value)
C138 285-0598-00 0.01 uF PTM 100V 5%
C140 283-0001-00 0.005 uF Cer 500 V
C202 *285-0751-00 0.1 pF MT 600 V
C203 281-0613-00 10 pF Cer 200V 10%
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Electrical Parts List—Type 1Al

Capactiors (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
C204 281-0064-00 0.2-1.5pF, Var Tub.
C205A 281-0537-00 0.68 pF Selected (nominal value)
C205B 281-0064-00 0.2-1.5pF, Var Tub.
C205C 281-0081-00 1.8-13 pF, Var Tub.
C204B 281-0037-00 0.7-3 pF, Var Tub.
C206C 281-0027-00 0.7-3 pF, Var Tub.
C206D 281-0529-00 1.5pF Selected {nominal value)
C207A 281-0547-00 20000 22709 2.7 pF Selected (nominal value)
C207A 281-0604-00 22710 2.2 pF Cer 500V =+0.25 pF
C2078 281-0037-00 0.7-3 pF, Var Tub.
C207C 281-0037-00 0.7-3 pF, Var Tub.
C208A 281-0547-00 2.7 pF Selected {nominal value)
C2088 281-0037-00 0.7-3 pF, Var Tub.
C208C 0.2-1.5pF, Var Tub.
C208E ; 281-0082-00 15 pF Mica 109,
C209A 281.0547-00 20000 22709 27 pF Selected {nominal value}
C209A 281-0604-00 22710 2.2 pF Cer 500V =+0.25 pF
C2098 281-0037-00 0.7-3 pF, Var Tub.
C209C 0.2-1.5pF, Var Tub.
C209E } 281-0083-00 50 pF Mica 10%
C210A 281-0547-00 2.7 pF Selected (nominal value)
C2108 281-0037-00 0.7-3 pF, Var Tub.
C210C 0.2-1.5 pF, Var Tub.
oS } 281-0084-00 20000 2509 0% Vs 109,
C210C 0.2-1.5 pF, Var Tub.
C210E } 281-0113-00 22510 100 pF Mica 10%
C211A 281-0547-00 27 pF Selected (nominal value}
C2118 281-0037-00 0.7-3 pF, Var Tub.
c11C 0.2-1.5 pF, Var Tub.
C2I1E } 281-0085-00 200 pF Mica 10%
C212A 281-0534-00 3.3pF Selected (nominal value}
C2128 281-0037-00 0.7-3 pF, Var Tub.
c212C 0.2-1.5pF, Var Tub.
C212E } 281-0086-00 500 pF Mica 109
C218 290-0267-00 X26947 1 uF EMT 35v
c219 281-0536-00 20000 22919 1000 pF Cer 500V 10%
c219 281-0614-00 22920 6800 pF Cer 500V +-80%—20%
Cc221 290-0246-00 X26947 3.3 uF EMT 15V 10%
C229D 281-0063-00 9-35 pF, Var Cer
C229E 281-0552-00 25 pF Cer 500 vV
C229F 281-0519-00 20000 24819 47 pF Selected [nomina!l value)
C229 281-0512-00 24820 27 pF Selected (nominal value)
C238 285-0598-00 0.01 uF PTM 100V 5%
C240 283-0001-00 0.005 uF Cer 500V
C263 283-0002-00 0.01 uF Cer 500V
C492 290-0149-00 5uF Elect. 150V
C494 283-0057-00 0.1 uF Cer 200V

Semiconductor Device, Diodes

D118 152-0304-00 Zener 1N9488 04W, 20V, 5%
D119 *152-0367-00 Silicon Tek Spec
D121 152-0149%-00 Zener 1N961B 04W, 10V, 5%
D218 152-0304-00 Zener 1N968B 04W, 20V, 5%
D219 *152-0367-00 Silicon Tek Spec
D221 152-0149-00 Zener 1N9618 04W, 10V, 5%
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Connectors
Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description
J101 *131-0342-01 BNC, female, 1 contact
J201 *131-0342-01 BNC, female, 1 contact

Inductors
L138 276-0507-00 Core, Ferramic Suppressor
1238 276-0507-00 Core, Ferramic Suppressor
LR105A *108-0270-00 0.25 uH (wound on a 62Q resistor)
LR105B *108-0270-00 X22710 0.25 uH {wound on a 629 resitsor)
LR106A *108-0286-00 20000 22709 017 uH (wound on a 36 Q resistor)
LR106A *108-0513-00 22710 0.4 pH (wound on a 1kQ resistor)
LR106B *108-0270-00 20000 22709 0.25 uH {wound on a 62Q resistor)
LR1068 *108-0331-00 22710 0.75 uH {wound on a 120 Q resistor)
LR107A *108-0349-00 20000 22709 0.6 uH (wound to a 150 Q resistor)
LR107A *108-0516-00 22710 0.4 uH {wound on a 1kQ resistor)
LR1078 *108-0511-00 X22710 1uH (wound on a 180 Q resistor)
LR108A *108-0286-00 20000 22709 0.17 uH {wound on a 36 Q resistor}
LR108A *108-0515-00 22710 0.4 uH (wound on a 180 Q resistor)
LR1088 *108-0271-00 20000 22709 0.25 uH (wound on a 51 Q resistor)
LR108B *108-0512-00 22710 0.75 uH (wound on a 91 Q resistor}
LR109A *108-0286-00 20000 22709 0.17 uH (wound on a 36 Q resistor)
LRT0%A *108-0514-00 22710 0.4 uH {wound on a 82Q resistor)
LR110A *108-0268-00 0.1 uH (wound on a 36 Q resistor)
LR1TTA *108-0286-00 20000 22709 0.17 uH (wound on a 36 Q resistor)
IR1T1A *108-0517-00 22710 0.1 pH {wound on a 430Q resistor)
LR205A *108-0270-00 0.25 uH (wound on a 62 Q resistor)
LR205B *108-0270-00 X22710 0.25 uH (wound on a 62Q resitsor)
LR206A *108-0286-00 20000 22709 0.17 uH (wound on a 36 Q resistor)
LR206A *108-0513-00 22710 0.4 uH {wound on a 1kQ resistor)
LR206B *108-0270-00 20000 22709 0.25 pH (wound on a 62 Q resistor)
1R206B *108-0331-00 22710 0.75 uH {wound on a 120 Q resistor}
LR207A *108-0349-00 20000 22709 0.6 pH {wound to a 150 Q resistor)
LR207A *108-0516-00 22710 0.4 uH (wound on a 1kQ resistor)
LR2078 *108-0511-00 X22710 1 uH {wound on a 180 Q resistor)
LR208A *108-0286-00 20000 22709 017 uH {wound on a 36 Q resistor)
LR208A *108-0515-00 22710 0.4 uH {wound on a 180 Q resistor)
LR208B *108-0271-00 20000 22709 0.25 uH (wound on a 51 Q resistor)
LR208B *108-0512-00 22710 0.75 pH {wound on a 91 Q resistor)
LR209A *108-0286-00 20000 22709 0.17 uH {wound on a 36 Q resistor)
LR209A *108-0514-00 22710 0.4 uH {wound on a 82Q resistor)
LR210A *108-0268-00 0.1 pH (wound on a 36 Q resistor)
LR211A *108-0284-00 20000 22709 0.17 uH (wound on a 36 Q resistor)
LR211A *108-0517-00 22710 0.1 uH {wound on a 430 Q resistor)

Transistors
N *153.0561-00 FET (matched pair)
ggjg *153.0561-00 FET (matched pair)

@1
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Resistors

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Resistors are fixed, composition, #=10% unless otherwise indicated.
R103 317-0560-00 5Q Yo W 5%
R104 317-0560-00 56 Q Vo W 5%
R105C 322-0610-01 500 kQ Ve W Prec V2%
R105E 322-0481-01 1MQ . W Prec V2%
R106C 322-0469-01 750 kQ Vo W Prec V2%
R106E 321-0628-01 333kn W Prec 2%
R107C 322-0621-01 200 kQ Vi W Prec V2%
R107E 321-1389-01 111kQ Vo W Prec Va%
R108C 322-0622-01 950 ka2 VW  Prec V2%
R108E 321-0616-01 52.6ka W Prec V2%
R109C 322-0623-01 975k VoW Prec V2%
R109E 321-0627-01 25.6kQ W Prec V2%
R109G 317-0560-00 56 Q Va W 5%
R110C 322-0624-01 990 kQ Vi W Prec 2%
R110E 321-1289-01 10.1 kQ Vo W Prec %%
R110G 317-0151-00 1500 Ve W 5%
RINIC 322-0625-01 995k0 YW Prec V2%
RIT1E 321-0613-01 5.03kQ a W Prec V2%
RINIG 317-0201-00 200 Q Va W 59
R112A 317-0560-00 56 Q a W 5%
R112C 322-0626-01 997.5kQ e W Prec V2%
R112E 321-0626-01 251 ka a W Prec V2%
R112G 317-0101-00 100Q e W 5%
R113 316-0102-00 1kQ YW
R116 322-0481-01 1 MQ Ve W Prec V2%
R119 302-0564-00 560 kQ W
R120 315-0151-00 150 kQ V. W 5%
R129A 321-0607-00 80 Q Ve W Prec 1%
R129B 321-0134-00 243 Q Ve W Prec 1%
R129C 321-0181-00 750 Q Ve W Prec 1%
R129E 315-0152-00 1.5kQ VW 5%
R130 311-0459-00 2X 500k, Var
R138 315-0222-00 22kQ Vi W 5%,
R140 315-0151-00 150 Q W 5%
R148 311-0117-00 5kQ, Var
R152 311-0183-00 500kQ, Var
R149 308-0008-00 10k 5W wWw 5%
R203 317-0560-00 56 Q e W 5%
R204 317-0560-00 56 Q e W 5%
R205C 322-0610-01 500 kQ VoW Prec 2%
R205E 322-0481-01 1 MQ Ve W Prec Ya%
R206C 322-0469-01 750 kQ VA" Prec V2%
R206E 321-0628-01 333 k0 Ve W Prec V2%
R207C 322-0621-01 900 kQ VoW Prec V2%
R207E 321-1389-01 11kQ Vo W Prec UAA
R208C 322-0622-01 950 kQ Vi W Prec Ve %
R208E 321-0616-01 52.6 kQ Y% W Prec 2%
R209C 322-0623-01 975kQ Vi W Prec 2%
R209E 321-0627-01 25.6kQ Ve W Prec Yo%
R209G 317-0560-00 5 Q Vo W 5%
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Resistors (coni)

Etectrical Parts List—Type 1Al

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
R210C 322-0624-01 990 kQ e W Prec %%
R210E 321-1289-01 10.1 k@ Vo W Prec Va%
R210G 317.0151-00 150 Ve W 59
R211C 322.0625-01 995 ko VoW Prec Vel
R211E 321.0613-01 503 ka %W  Prec Va%
R211G 317-0201-00 200 Q Vo W 59%
R212A 317.0560-00 560 Ve W 5%
R212C 322.0626.-01 997.5 k0 Ve W Prec V%
R212E 321062601 251 kQ %W  Prec 2%
R212G 317.0101-00 100 Vo W 5%
R213 316.0102-00 1k Y, W
R216 322.0481-01 1 M@ YW Prec Y%
R219 302-0564-00 560 ka2 Yy W
R220 315.0151-00 150 kQ Ve W 59%
R229A 321-0607-00 80 0 %W  Prec 1%
R229B 321-0134-00 243 Q %W  Prec 1%
R229C 321-0181-00 750 0 %W  Prec 1%
R229E 315.0152-00 15kQ e W 59%
R230 311.0459-00 2X 500 kQ2, Var
R238 315.0222-00 22k Ve W 5%
R240 315.0151.00 150 Q Ve W 59%
R248 311-0117-00 5kQ, Var
R252 311-0183-00 500 kQ, Var
R310 315-0123-00 12k Ve W 5%
R360 302-0275-00 27 MQ v W
RA08! 311-0630-00 500Q, Var
RAO9 311-0574-00 100 Q, Var
RA22 311-0575-00 2X100kQ, Var
R438? 311063000 500 Q, Var
RA39 311.0574-00 1002, Var
R452 311-0575.00 2X 100 k@, Var
R469 315.0101-00 1000 Ve W 5%
RA90 302-0183-00 18k v, W
RA9N 308-0451-00 91 Q IW WW 5%
RA92 308-0451-00 91 Q 3IW WW 5%
RA93 315.0183-00 18k Ve W 5%
R495 308-0274-00 4700 5W Ww 59%
RA99 315.0363-00 36 k0 Ve W 5%
Switches
Unwired or Wired
SW101 . Lever CHANNEL 1 INPUT SELECTOR
swios §  Wired *2620693.02 20000 270 potary CHANNEL 1 VOLTS/CM (Front)
SW101 ; Lever CHANNEL 1 INPUT SELECTOR
swigs §  Wired *2620693.04 22710 Rotary CHANNEL 1 VOLTS/CM (Front)
SW101 260-0621-00 Lever CHANNEL 1 INPUT SELECTOR
SW105 260-0673-02 Rotary CHANNEL 1 VOLTS/CM (Front)
SWI1290  Wired *262-0716-00 Rotary CHANNEL 1 VOLTS/CM (Rear]

'Furnished as a wnit with SW409.
*Furnished as a unit with SW439.

@



Electrical Parts List—Type 1Al

Switches (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
SW129 260-0560-00 Rotary CHANNEL 1 VOLTS/CM (Rear)
SW201 . Lever CHANNEL 2 INPUT SELECTOR
Swoos §  Wired €242.0693-02 20000 2709 Rotary CHANNEL 2 VOLTS/CM (Front)
Sw201 . Lever CHANNEL 2 INPUT SELECTOR
swoosj Wieed R26206%3.04 2210 Rotary CHANNEL 2 VOLTS/CM (Front)
Sw201 260-0621-00 Lever CHANNEL 2 INPUT SELECTOR
SW205 260-0673-02 Rotary CHANNEL 2 VOLTS/CM (Front)
SW229 Wired *262-0717-00 Rotary CHANNEL 2 VOLTS/CM (Rear)
Sw229 260-0560-00 Rotary CHANNEL 2 VOLTS/CM (Rear)
SW320 Wired *262-0579-00 Rotary MODE
SW320 260-0561-00 Rotary MODE
SW405 260-0767-00 Slide PULL FOR INVERT
Sw4092 311-0630-00
SW435 260-0767-00 Slide PULL FOR INVERT
SW4394 311-0630-00
CHANNEL 1 INPUT AMPLIFIER CARD Series D
*670-0075-01 Complete Card

Tolerance ==20% unless otherwise indicated.

C125 281.0089-00
C128 281-0089-00
C152 281-0089-00
C156 281-0096-00
C165 283-0000-00
175 283-0000-00
185 283-0002-00
Ci186 283-0003-00
C196 283-0003-00
197 283.0059-00
198 283-0081-00
D122 *152.0153-00
Q123 151-0220-00
Q124 151-0225-00
Q143 151-0220-00
Q144 151-0225-00
QI153A 151022500

*Furnished as a unit with R408.
‘Fumished as a unit with R438.

8-6

Capacitors

2-8 pF, Var
2-8 pF, Var
2-8 pF, Var
5.5-18 pF, Var
0.001 uF

0.001 uF
0.01 uF
0.01 uF
0.01 uF

1 uF

0.1 uF

Semiconductor Device, Diode

Silicon

Transistors

Silicon
Silicon
Silicon
Silicon
Silicon

Cer
Cer
Cer
Air

Cer
Cer
Cer
Cer
Cer
Cer

Replace

2N4122
2N3563
2N4122
2N3563
2N3563

500 v

500 v
500V
150V
150V
25V
25V

able by 1N4244



Electrical Parts List—Type 1Al

CHANNEL 1 INPUT AMPLIFIER CARD Series D (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Transistors (cont)
Q1538 151-0225-00 Silicon 2N3563
Q163 151-0131-00 Germanium 2N964
Q144 151-0131-00 Germanium 2N964
Q173 151-0131-00 Germanium 2N964
Q174 151-0131-00 Germanium 2N964
Q184 151-0224-00 Silicon 2N3692
Q194 151-0131-00 Germanium 2N964
Resistors
Resistors are fixed, composition, #=10% unless otherwise indicated.
R121 308-0400-00 18kQ 5wW wwW 5%
R122 305-0563-00 56 kQ 2w 5%
R123 315-0183-00 18 kQ Ve W 5%
R124 321-0127-00 205Q Va W Prec 1%
R125 321-0127-00 205Q Ve W Prec 1%
R126 315-0561-00 560 Q Vi W 5%
R127 315-0682-00 6.8 kQ Vi W 5%
R128A 311-0258-00 100 Q, Var
R1288B 315-0470-00 47 Q Vi W 5%
R128C 315-0390-00 39 o W 5%
R133 316-0475-00 4.7 MQ Vo W
R134 316-0474-00 470 kQ V. W
R136 316-0185-00 1.8MQ . W
R142 305-0563-00 56 kQ 2w 5%
R143 315-0183-00 18kQ LAY 5%
R144 321-0127-00 2050 e W Prec 1%
R145 321-0127-00 205Q Vo W Prec 1%
R146 315-0621-00 620Q Ve W 5%
R147 315-0682-00 6.8 kQ Vi W 5%
R149 305-0123-00 12k 2w 5%
R150 315-0510-00 51Q Y. W 5%
R151 316-0564-00 560 kQ Vi W
R153 315-0202-00 2ka Vi W 5%
R154 315-0152-00 1.5kQ Vi W 5%
R155 315-0202-00 2k Vi W 5%
R156 315-0101-00 100Q Vi W 5%
R157 301-0302-00 3ka Vo W 5%
R161 315-0681-00 680 Q VoW 5%
R163 315-0682-00 6.8ka VA 5%
R144 321-0068-00 4990 a W Prec 1%
®: 8-7
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CHANNEL 1 INPUT AMPLIFIER CARD Series D (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Resistors {cont)

R165 315-0471-00 470 Q W 5%
R166 301-0392-00 3.9kQ Yo W 5%
R168 321-0058-00 3920 B W Prec 1%
R173 315-0682-00 6.8 kQ Ve W 5%
R174 315-0221-00 2200 Vi W 5%
R175 315-0361-00 360Q A 5%
R176 301-0392-00 39k o W 5%,
R181 315-0102-00 1kQ Vi W 5%
R182 303-0623-00 62 kQ 1w 5%
R183 315-0332-00 3.3k0 Vi W 5%
R184 301-0303-00 30ka Va W 5%
R185 315-0101-00 100 Q e W 5%
R186 315-0103-00 10 kQ Vi W 5%
R191 315-0102-00 1kQ Vi W 5%,
R193 315-0332-00 33ko Ve W 59,
R194 303-0433-00 43kn 1w 5%
R196 315-0103-00 10kQ Yo W 5%
R497 301-0131-00 130 Q 2 W 5%

CHANNEL 2 INPUT AMPLIFIER CARD Series E

*670-0076-01
Capacitors

Tolerance ==20% unless otherwise indicated.
C225 281-0089-00 2-8 pF, Var
C228 281-0089-00 2-8 pF, Var
C252 281-0089-00 2-8 pF, Var
C256 281-0096-00 5.5-18 pF, Var
C261 283-0081-00 0.1 uF
C262 283-005%9-00 1 pF

Semiconductor Device, Diode

D222 *152-0153-00 Silicon

Transistors
Q223 151-0220-00 Silicon
Q224 151-0225-00 Silicon
Q243 151-0220-00 Silicon
Q244 151-0225-00 Silicon
Q253A 151-0225-00 Silicon
Q2538 151-0225-00 Silicon
8-8

Complete Card

Cer
Cer
Cer
Air
Cer 25V
Cer 25V

Replaceable by 1N4244

2N4122
2N3563
2N4122
2N3563
2N3563
2N3563



Electrical Parts List—Type 1Al

CHANNEL 2 INPUT AMPLIFIER CARD Series E (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description

Resistors

Resistors are fixed, composition, =#=109% unless otherwise indicated.

R118 316-0154-00 150 kQ Vi W

R218 316-0154-00 150 kQ VA

27 308-0400-00 18 k2 5w ww 5%
R222 305-0563-00 56 kQ 2w 5%
R223 315-0183-00 18kQ Va W 5%
R224 321-0127-00 205Q s W Prec 1%
R225 321-0127-00 205Q Yo W Prec 1%
R226 315-0561-00 560 Q Yu W 5%
R227 315-0682-00 6.8 kQ Vu W 5%
R228A 311-0258-00 100 Q, Var

R228B 315-0470-00 47 Q Vu W 5%
R228C 315-0390-00 39 ke Ve W 5%
R233 316-0475-00 47 MQ Ve W

R234 316-0474-00 470 kQ Ve W

R236 316-0185-00 1.8 MQ Vi W

R242 305-0563-00 56 kQ 2w 5%
R243 315-0183-00 18 k2 Vu W 5%
R244 321-0127-00 2050 Vs W Prec 1%
R245 321-0127-00 205Q Ya W Prec 1%
R246 315-0621-00 620 Q Vi W 5%
R247 315-0682-00 6.8 kQ Vi W 5%
R249 305-0123-00 12kQ 2w 5%
R250 315-0510-00 51Q Ve W 5%
R251 316-0564-00 560 kQ Vi W

R253 315-0202-00 2kQ Vi W 5%
R254 315-0152-00 1.5kQ VoW 5%
R255 315-0202-00 2kQ VW 5%
R256 315-0101-00 100Q Vi W 5%
R257 301-0302-00 3kQ W 5%
R418 305-0622-00 6.2k 2w 5%
R423 301-0123-00 12kQ Va W 5%
R448 305-0622-00 6.2k 2w 5%
R453 301-0123-00 12kQ . W 5%
R496 301-0131-00 1300 a W 5%

OUTPUT AMPLIFIER CARD Series F

*670-0077-01 Complete Card

Capacitors

Tolerance =20% unless otherwise indicated.

C300 283-0010-00 0.05 p.F Cer 25v
C301 283-0051-00 0.0033 uF Cer 100V 5%

@i 8-9
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OUTPUT AMPLIFIER CARD Series F (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Capacitors (cont)
C302 283-0000-00 0.001 pF Cer 500v
C303 283-0010-00 0.05 uF Cer 50V
C304 283-0010-00 0.05 uF Cer 50V
C306 281-0518-00 47 pF Cer 500V
C310 283-0010-00 0.05 uF Cer 50V
C311 283-0051-00 0.0033 uF Cer 100V 5%
C312 283-0000-00 0.001 uF Cer 500V
C313 281-0525-00 470 pF Cer 500V
C314 283-0010-00 0.05 uF Cer 50V
C316 281-0518-00 47 pF Cer 500V
C321 283-0081-00 0.1 pF Cer 25V
C330 281-0524-00 150 pF Cer 500V
C334 283-0026-00 0.2 uF Cer 25V
C342 283-0081-00 0.1 uF Cer 25V
C343 281-0540-00 51 pF Cer 500V 5%
C344 281-0524-00 1 2X 150 pF Cer 500V
C353 281-0536-00 0.001 uF Cer 500V 10%
C404 283-0051-00 0.0033 uF Cer 100V 5%
C414 283-0051-00 0.0033 uF Cer 100V 5%
C428 283-0000-00 0.001 xF Cer 500V
C434 283-0051-00 0.0033 uF Cer 100V 5%
C444 283-0051-00 0.0033 uF Cer 100V 5%,
C461 283-0001-00 0.005 uF Cer 500V
C463 283-0000-00 0.001 uF Cer 500 v
C465 283-0028-00 0.0022 uF Cer 50V
C466 281-0096-00 5.5-18 pF, Var Air
C467 281-0504-00 10 pF Cer 500V 10%
C475 283-0028-00 0.0022 xF Cer 500V
C476 281-0096-00 5.5-18 pF, Var Air
Semiconductor Device, Diodes
D301 *152-0075-00 Germanium Tek Spec
D303 152-0141-00 1 3 Silicon 1N4152
D303 152-0141-02 4 Silicon 1N4152
D308 *152-0075-00 Germanium Tek Spec
D311 *152-0075-00 Germanium Tek Spec
D313 *152-0075-00 Germanium Tek Spec
D318 *152-0075-00 Germanium Tek Spec
D330 *152-0075-00 Germanium Tek Spec
D345 *152-0075-00 Germanium Tek Spec
D353 152-0141-00 1 3 Sificon 1N4152
D353 152-0141-02 4 Silicon 1N4152
D421 *152-0153-00 Silicon Replaceable by 1N4244
8-10 ©]
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Semiconductor Device, Diodes [coni)

Tektronix Serial/Model No.

Ckt. No. Part No. Eff Disc Description

D422 *152-0153-00 Silicon Replaceable by 1N4244

D423 *152-0153-00 Silicon Replaceable by 1N4244

D424 *152-0153-00 Silicon Replaceable by 1N4244

D451 *152-0153-00 Silicon Replaceable by 1N4244

D452 *152-0153-00 Silicon Replaceable by 1N4244

D453 *152-0153-00 Silicon Replaceable by 1N4244

D454 *152.0153-00 Silicon Replaceable by 1N4244
Inductors

L4460 *114-0159-00 1 0.7-1.5 xH, Var core 276-0506-00

1460 *114-0277-00 2 0.7-1.5 uH, Var core 276-0506-00

L470 *114-0159-00 1 0.7-1.5 pH, Var core 276-0506-00

1470 *114-0276-00 2 0.7-1.5 pH, Var core 276-0506-00
Transistors

Q305 151-0188-00 Silicon 2N3906

Q315 151-0188-00 Silicon 2N3906

Q330 151-0224-00 Silicon 2N3692

Q343 151-0164-00 Silicon 2N3702

Q353 151-0164-00 Silicon 2N3702

Q404 151-0221-00 1 4 Silicon 2N4258

Q404 151-0199-00 5 Silicon MOT MPS-3640

Q414 151-0221-00 1 4 Silicon 2N4258

Q414 151-0199-00 5 Silicon MOT MPS-3640

Q434 151-0221-00 1 4 Silicon 2N4258

Q434 151-0199-00 5 Silicon MOT MPS-3640

Q444 151-0221-00 1 4 Silicon 2N4258

Q444 151-0199-00 5 Silicon MOT MPS-3640

Q464 151-0225-00 Silicon 2N3653

Q474 151-0225-00 Silicon 2N3653
Resistors

Resistors are fixed, composition, =10% unless otherwise indicated.

R300 308-0303-00 750 Q 3IW ww 1%
R301 308-0304-00 1.5kQ 3IW WW 1%
R302 315-0101-00 100 Q Ve W 5%
R303 315-0123-00 12kQ Ve W 5%
R304 315-0303-00 30 kQ Ve W 59%
R306 315-0332-00 33kQ Ve W 59%
R307 323-0126-00 200 7, W Prec 1%
R311 308-0304-00 1.5kQ 3IW ww 1%
R312 315-0101-00 1002 i W 59%
R313 315-0123-00 12 kQ Ve W 59%
R314 315-0303-00 30 k@ A 5%
R316 315-0332-00 33ka Ve W 59
R317 323-0126-00 200 @ s W Prec 1%
R321 315-0100-00 100 v, W 5%
R322 315-0101-00 100 @ v, W 5%

@1 8-11
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OUTPUT AMPLIFIER CARD Series F (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Resistors (cont)

R330 315-0472-00 47 kQ Vi W 5%
R331 315-0470-00 47Q Vi W 5%
R332 315-0102-00 1kQ Ve W 5%
R334 315-0272-00 27kQ A" 5%
R341 315-0102-00 1kQ Vi W 5%
R342 315-0102-00 1kQ VA 5%
R343 315-0122-00 1.2ka Ve W 5%
R345 301-0154-00 150 k2 a W 5%
R346 315-0512-00 51kQ A 5%
R347 315-0332-00 33kn Ve W 5%
R351 301-0272-00 27k W 5%
R353 315-0122-00 1.2kQ Ve W 5%
R355 315-0103-00 10kQ Ve W 5%
R404 315-0221-00 2200 Ve W 5%
R405 315-0111-00 1100 Ve W 5%
R406 315-0512-00 51kQ Ve W 5%
R414 315-0221-00 220 Q: Ve W 5%
R415 315-0111-00 1100 Vi W 5%
R416 315-0512-00 51k Ve W 5%
R421 315-0823-00 82ka Vi W 5%
R424 315-0823-00 82 kQ e W 5%
R426 321-0141-00 289 Q Vo W Prec 1%
R428 321-0097-00 100 Q Va W Prec 1%
R429 321-0134-00 2550 s W Prec 1%
R434 315-0221-00 2200 VoW 5%
R435 315-0111-00 110Q Vi W 5%
R436 315-0512-00 51k Ve W 5%
R444 315-0221-00 2200 Ve W 5%
R445 315-0111-00 1100 Ve W 5%
R446 315-0512-00 51k Vi W 5%
R451 315-0823-00 82 k0 Vi W 5%
R454 315-0823-00 82 ko Ve W 5%
R456 321-0141-00 287 Q Va W Prec 1%
R441 315-0103-00 10k Vi W 5%
R462 315-0470-00 47 Q Vi W 5%
R463 308-0300-00 1.75kQ 3w ww 1%
R464 321-0077-00 6190 Va W Prec 1%
R465 315-0331-00 3300 Vo W 5%
R466 321-0065-00 464 Q s W Prec 1%
R467 308-0301-00 10kQ 3w ww 1%
R472 315-0470-00 47 Q e W 5%
R474 321-0077-00 6190 Va W Prec 1%
R475 315-0331-00 3300 Vi W 5%
R476 321-0065-00 464 Q a W Prec 1%
R494 303-0242-00 24k0 1w 5%
8-12 ®
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OUTPUT AMPLIFIER CARD Series F (cont)

Tektronix Serial/Model No.
Ckt. No. Part No. Eff Disc Description
Transformer
T330 *120-0161-00 Toroid 12 tumns, quintifilar
Electron Tubes
V464 *157-0121-00 7586, checked
V474 *157-0121-00 7586, checked
® 8-13



FIGURE AND INDEX NUMBERS

Items in this section are referenced by figure and index numbers to the illustrations which
appear either on the back of the diagrams or on pullout pages immediately following the
diagrams of the instruction manual.

INDENTATION SYSTEM

This mechanical parts list is indented fo indicate item relationships. Following is an
example of the indentation system used in the Description column.

Assembly and/or Component
Detail Part of Assembly and/or Component
mounting hardware for Detail Part
Parts of Detail Part
mounting hardware for Parts of Detail Part
mounting hardware for Assembly and/or Component

Mounting hardware always appears in the same indentation as the item it mounts,
while the detail parts are indented to the right. Indented items are part of, and included
with, the next higher indentation.

Mounting hardware must be purchased separately, unless otherwise specificed.

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office
or representative.

Changes to Tektronix instruments are somefimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following: information in your order: Part number, instru-
ment type or number, serial or model number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix, Inc. Field Office or representative will contact you concerning any change
in part number.

Change information, if any, is located at the rear of this manual.

ABBREVIATIONS AND SYMBOLS

For an explanation of the abbreviations and symbols used in this section, please refer
to the page immediately preceding the Electrical Parts List in this instruction manual.
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INDEX OF MECHANICAL PARTS LIST ILLUSTRATIONS
(Located behind diagrams)

FIG. 1 FRONT

FIG. 2 REAR

FIG. 3 CIRCUIT CARDS & STANDARD ACCESSORIES



Type 1A1

SECTION 9
MECHANICAL PARTS LIST

FIG. 1T FRONT
Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 123458 Description
1-1  366-0220-00 2 KNOB, charcoal—POSITION
------ - each knob includes:
213-0020-00 1 SCREW, set, 6-32x 1 inch, HSS
------ 2  RESISTOR, variable
------ - Mounting hardware for each: (not included w/resistor)
210-0013-00 1 LOCKWASHER, internal, 34 IDx 1Y OD
210-0840-00 1 WASHER, flat, 0.390 ID x %4 inch OD
210-0590-00 1 NUT, hex., 3/4-32 x 7,s inch
-2 366-0153-00 2 KNOB8, charcoal—VARIABLE VOLTS/CM
------ - each knob includes:
213-0004-00 1 SCREV, set, 6-32 x 34 inch, HSS
-3 358-0229-00 2 BUSHING, plastic, shaft
-4 131-0352-01 2 CONNECTOR, coaxial, 1 contact, BNC
-5 366-0125-00 1 KNOB, plug-in securing
------ - knob includes:
213-0004-00 1 SCREW, set, 6-32 x ¥4 inch, HSS
-6 210-0984-00 1 WASHER, plastic, 0.190 ID x 7,4 inch OD
-7 366-0215-01 2 KNOB, charcoal—INPUT SELECTOR
-8  366-0145-00 2000 23059 2 KNOB, charcoal—VOLTS/CM
366-1089-00 23060 2. KNOB, charcoal—VOLTS/CM
------ - each knob includes:
213-0004-00 2000 23059 1 SCREV, set, 6-32 x 3/;5 inch, HSS
213-0153-00 23040 2 SCREV, set, 5-40 x 0.125 inch, HSS
-9 262-0693-02 20000 22709 2 SWITCH, wired—VOLTS/CM (Channel 1, front; Channel 2, front)
262-0693-04 22710 2 SWITCH, wired—VOLTS/CM (Channel 1, front; Channel 2, front)
------ - each switch includes:
260-0673-02 1 SWITCH, attenuator
-10  337-0673-00 1 SHIELD, attenuator
-11 260-0621-00 1 SWITCH, lever—INPUT SELECTOR
------ - Mounting hardware: (not included w/switch})
211-0105-00 2 SCREW, 4-40 x 3/ inch, 80° csk, FHS
210-0586-00 2 NUT, keps, 4-40x Y, inch
-12  134-0015-00 1 PLUG, banana
-13  426-0201-00 1 FRAME, attenuator
------ - mounting hardware: (not included w/frame}
-14  211-0007-00 2 SCREW, 4-40 x 3/, inch, PHS
------ - mounting hardware for each: [not included w/switch}
-15  358-0029-00 1 BUSHING, hex., 3-32x ', x ¥ inch long
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FIG. 1 FRONT (cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 123458 Description
1-16  262-0717-00 1  SWITCH, wired—VOLTS/CM (Channel 2, rear)
------ - switch includes:
260-0560-00 1 SWITCH, unwired
-17  210-0963-00 1 WAGSHER, plastic, 0.254 ID x 0.500 inch OD
-18  214-0274-00 2 BALL, stainless steel
-19  214-0385-00 1 SPRING, index
-20 214-0379-00 2 HUB, driver
------ = each hub includes:
213-0020-00 2 SCREW, set, 6-32x 1z inch, HSS
-21  384-0295-00 1 ROD, shaft
-22 387-0827-00 1 PLATE, flange
-23  131-0371-00 3 CONNECTOR, single contact, (female)
-24  213-0020-00 2 SCREW, set, 6-32x '/ inch, HSS
-25 214-0272-00 4  GEAR, miter
------ - each gear includes:
213-0020-00 2 SCREW, set, 6-32 x '/ inch, HSS
26 262-0716-00 1 SWITCH, wired—VOLTS/CM (Channel 1, rear)
------ - switch includes:
260-0560-00 1 SWITCH, unwired
-27  210-0963-00 1 WAGSHER, plastic, 0.254 1D x 0.500 inch OD
-28  214-0274-00 2 BALL, stainless steel
-29  214-0385-00 1 SPRING, index
30  214-0379-00 2 HUB, driver
------ - each hub includes:
213-0020-00 2 SCREW, set, 6-32 x V3 inch, HSS
31 384-0295-00 1 ROD, shaft
-32  387-0827-00 1 PLATE, flange
-33  131-0371-00 3 CONNECTOR, single contact, {female)
-34  348-0031-00 2.~ GROMMET, plastic, 33, inch diameter
35 358-0054-00 1  BUSHING, banana jack
------ - mounting hardware: (not included w/bushing)
210-0223-00 1 LUG, solder, V, ID x 7/, inch OD, SE
210-0465-00 1 NUT, hex., /-32x3/ inch
-36 358-0054-00 BUSHING, banana jack
------ - mounting hardware: (not included w/bushing)
210-0465-00 1 NUT, hex., Y-32x%;, inch
-37  366-0173-00 20000 23059 1 KNOB, charcoal—MODE
366-1088-00 23060 1 KNOB, charcoal—MODE
------ - knob includes:
213-0004-00 20000 23059 1 SCREW, set, 6-32 x ¥4 inch, HSS
213-0153-00 23060 2 SCREW, set, 5-40 x 0.125 inch, HSS
-38  262-0579-00 1  SWITCH, wired—MODE
------ - switch includes:
240-0561-00 1 SWITCH, unwired
------ - mounting hardware: (not included w/switch)
210-0012-00 1 LOCKWASHER, internal, % IDx ', inch OD
-39 210-0840-00 1 WASHER, flat, 0.390 ID x %4 inch OD
210-0413-00 1 NUT, hex., 3-32x ', inch
-40 333-0918-00 1  PANEL, front
-41  131-0276-00 2 CONNECTOR, coaxial, 1 contact, BNC
42  384-0510-00 1 ROD, plug-in securing
------ - rod includes:
-43  354-0025-00 1 RING, retaining
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Mechanical Parts List—Type 1Al

FIG. 1 FRONT (cont)

Figci & 2 Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 1 23 45 Descnphon
1-44 387-0792-01 1 PLATE, sub-panel
45 - - - - - - 2 RESISTOR, variable
...... - mounting hardware for each: (not included w/resistor)
-46 220-0420-00 1 NUT, hex., adapter, %;-32 x ¥-32 x /2 x 1.250 inches long
-47  358-0054-00 1 BUSHING, banana jack
-48  260-0786-00 1 ASSEMBLY, switch, unwired—PULL FOR INVERT (Channel 1)
------ - assembly includes:
260-0767-00 1 SWITCH, unwired
-49  210-0001-00 2 LOCKWASHER, internal, #2
-50  211-0062-00 2 SCREW, 2-56 x 54 inch, RHS
51 214-064%-00 1 PLATE, detent spring
-52  214-0650-00 2 CLIP, detent spring
-53  214-0651-00 1 BALL, switch detent
-54 384-0383-00 1 ROD, extension, w/knob—PULL FOR INVERT (Channel 1)
-55  384-0646-00 1 POST, switch support
------ - mounting hardware: (not included w/assembly)
211-0513-00 1 SCREW, 6-32 x 3z inch, PHS
-56 260-0878-00 1 ASSEMBLY, switch, unwired—PULL FOR INVERT (Channel 2)
------ - assembly includes:
260-0767-00 1 SWITCH, unwired
-57  210-0001-00 2 LOCKWASHER, internal #2
-58 211-0062-00 2 SCREW, 2-56 x 3/14 inch, RHS
-59  214-0649-00 1 PLATE, detent spring
-60  214-0650-00 2 CLIP, detent spring
-61  214-0651-00 1 BALL, switch detent
-62 384-0383-00 1 ROD, extension, w/knob—PULL FOR INVERT (Channel 2)
-63  384-0646-00 1 POST, switch support
------ - mounting hardware: [not included w/assembly)
211-0513-00 1 SCREW, 6-32x % inch, PHS
670-0266-00 20000 22919 1 ASSEMBLY, circuit board—INPUT (Channel 2)
670-0266-01 22920 1 ASSEMBLY, circuit board—INPUT (Channel 2)
------ - assembly includes:
-64 388-0996-00 1 BOARD, circuit
-65 214-0506-00 5 PIN, connector, straight (male)
-66 131-0371-00 2 CONNECTOR, single contact (female)
-67 131-0374-00 2 CONNECTOR, single contact (male)
468 136-0220-00 2 SOCKET, transistor, 3 pin
-69 131-0183-00 2 CONNECTOR, terminal, feed thru
------ - mounting hardware for each: (not included w/connector]
358-0134-00 1 BUSHING, plastic
------ - mounting hardware: (not included w/assembly)
70 211-0017-00 20000 24819 2 SCREW, 4-40x 3/ inch, PHS
210-0054-00 20000 24819 2 LOCKWASHER, internal, #4, split
210-0994-00 20000 24819 2 WAGSHER, flat, #4
71 166-0026-00 20000 24819 2 TUBE, spacer, %5 OD x ¥, inch long
129-0236-00 24820 2 POST, 0.375 inch long
211011600 24820 2 SCREW, sems, 4-40 x % inch, PHS

9-3



Mechanical Parts List—Type 1Al

FIG. 1 FRONT (cont)

Fig. & Q

Index Tektronix Serial/Model No. t . e

No. Part No. Eff Disc Y 12345 Description

1- 670-0265-00 20000 22919 1 ASSEMBLY, circuit board—INPUT (Channel 1)

—

670-0265-01 22920 ASSEMBLY, circuit board—INPUT (Channel 1)

assembly includes:

72 388-0995-00 1 BOARD, circuit
73 214-0506-00 5 PIN, connector, straight {male)
74 131-0371-00 2 CONNECTOR, single contact (female)
75 131-0374-00 2 CONNECTOR, single contact (male}
76 136-0220-00 2 SOCKET, transistor, 3 pin
77 131-0183-00 2 CONNECTOR terminal feed-thru
------ - mounting hardware for each: {not included w/connector)
358-0136-00 1 BUSHING, plastic
------ - mounting hardware: (not included w/assembly)
78 211-0017-00 2 SCREW, 4-40 x 3/ inch, PHS
210-0004-00 2 LOCKWASHER, internal, #4
210-0994-00 2  WASHER, flat, #4
2

79 166-0026-00 TUBE, spacer, ¥;s ODx?3%; inch long
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Mechanical Parts List—Type 1Al

FIG. 2 REAR
Fig. & Q
Index Tektronix Serial/Model No. t .o
No. Part No. Eff Disc Y 12345 Description
2-1  337-0577-00 1 SHIELD
...... - mounting hardware: (not included w/shield)
-2 211-0014-00 2 SCREW, 4-40x ', inch, PHS
210-0004-00 2 LOCKWASHER, internal, #4
210-0406-00 2 NUT, hex., 4-40 x 3/4 inch
-3 384-0644-03 1 ROD, support, right
------ - mounting hardware: {not included w/rod)
211-0559-00 1 SCREW, 6-32x 3/ inch, 100° csk, FHS
-4 211-0507-00 1 SCREW, 6-32 x 5/y4 inch, PHS
-5 385-0171-01 1 ROD, support, front
------ - mounting hardware: [not included w/rod)
-6 211-0559-00 20000 20219 2 SCREW, 6-32x3/ inch, 100° csk, FHS
211-0512-00 20220 2 SCREW, 6-32x ', inch, 100° csk, FHS
-7 351-0059-00 6 GUIDE, circuit card
...... - mounting hardware for each: {not included w/guide)
-8 211-0510-00 1 SCREW, 6-32 x3/ inch, PHS
-9 344-0101-00 2 CLIP, retainer
-10  385-0171-00 1 ROD, support, rear
...... - mounting hardware: {not included w/rod)
11 211-0559-00 20000 20219 2 'SCREW, 6-32x 3, inch, 100° csk, FHS
211-0512-00 20220 2~ SCREW, 6-32x Y, inch, 100° csk, FHS
-12  384-0644-04 1  ROD, support, left
...... - mounting hardware: {not included w/rod)
211-0559-00 1  SCREW, 6-32x 3/ inch, 100° csk, FHS
13 211-0507-00 1  SCREW, 6-32x 54 inch, PHS
-14  441-0658-00 1 CHASSIS, right
------ - mounting hardware: {not included w/chassis)
-15  211-0507-00 2 SCREW, 6-32 x 5/ inch, PHS
S V- T 4  RESISTOR, variable
...... - mounting hardware for each: (not included w/resistor}
210-0013-00  X20540 1 LOCKWASHER, internal, %4 IDx Y4 inch OD
.17 210-0840-00 1 WASHER, flat, 0.390 ID x %4 inch OD
-18  210-0590-00 1 NUT, hex., 33-32x 74 inch
<19 441-0658-03 1 CHASSIS, left
...... - mounting hardware: (not included w/chassis)
-20  211-0507-00 2 SCREW, 6-32 x 5/4 inch, PHS
-21  136-0156-01 2  SOCKET, circuit card, 44 pin
...... - mounting hardware for each: (not included w/socket}
22 211-0014-00 2 SCREW, 4-40x Y, inch, PHS
210-0801-00 1 WASHER, flat, 0.140 ID x %;, inch OD
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Mechanical Parts List—Type 1Al

FIG. 2 REAR (cont)

Fig. & Q
Index Tektronix Serial/Model No. t o
No. Part No. Eff Disc Y 12345 Description
2-23  136-0156-01 2 SOCKET, circuit card, 44 pin
------ - mounting hardware: (not included w/socket)
-24  211-0014-00 2 SCREW, 4-40x '/, inch, PHS
=25 179-0746-02 1 CABLE HARNESS
-26 384-0282-00 2 ROD, extension
-27  376-0051-00 2 COUPLING, flexible
...... - each coupling includes:
213-0048-00 4 SCREW, set, 4-40 x 314 inch, HSS
-28  376-0049-00 1 COUPLING, plastic
29 354-0251-00 2 RING, coupling
30 .- - - - RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-31  210-0046-00 1 LOCKWASHER, internal, 1/ 1D x 0.400 inch OD
210-0940-00 1 WASHER, flat, 4 ID x 3%} inch OD
210-0583-00 1 NUT, hex., -32x %/, inch
32 min oo s 3  RESISTOR, variable
...... - mounting hardware for each: (not included w/resistor)
210-0044-00 1 LOCKWASHER, internal, V4 ID x0.400 inch OD
210-0940-00 1 WASHER, flat, 7, IDx 3} inch OD
210-0583-00 1 NUT, hex., /4-32x %, inch
-33  384-0284-00 2 ROD, extension
-34  376-0051-00 2 "COUPLING, flexible
...... N each coupling includes:
213-0048-00 4 SCREW, set, 4-40 x 3,4 inch, HSS
376-0049-00 1 COUPLING, plastic
354-0251-00 2 RING, retaining
-35 406-0931-01 1  BRACKET, mounting
...... - mounting hardware: [not included w/bracket)
-36  211-0507-00 2 SCREW, 6-32 x 5/ inch, PHS
-37 384-0631-00 4 ROD, frame
...... - mounting hardware for each: (not included w/rod)
-38  212-0044-00 1 SCREW, 8-32x '/, inch, RHS
-39 387-0793-00 1  PLATE, rear
40 - - - - - . 1  RESISTOR
------ - mounting hardware: (not included w/resistor)
211-0544-00 1 SCREW, 6-32 x ¥, inch, THS
210-0478-00 1 NUT, hex., resistor mounting
210-0202-00 1  LUG, solder, SE #6
211-0507-00 1 SCREW, 6-32x 5/;4 inch, PHS
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Mechanical Parts List—Type 1Al

FIG. 2 REAR (cont)

Fig. & Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Y 12345 Description
241 - - - - - - 1 RESISTOR
...... - mounting hardware: [not included w/resistor)
211-0544-00 1 SCREW, 6-32x 3/ inch, THS -
210-0478-00 1 NUT, hex., resistor mounting
211-0507-00 1 SCREW, 6-32 x 5/ inch, PHS
-42  131-0017-00 1 CONNECTOR, 16 contact
...... - mounting hardware: (not included w/connector)
211-0097-00 2 SCREW, 4-40x 5/, inch, PHS
210-0004-00 2 LOCKWASHER, internal, #4
210-0201-00 2 LUG, solder, SE #4
210-0406-00 2 NUT, hex., 4-40x /4 inch
-43  343-0088-00 1  CLAMP, cable, plastic
-44  131-0371-00 4 CONNECTOR, single contact
-45 134-0015-00 1  PLUG, banana



Mechanical Parts List—Type 1A1

FIG. 3 CIRCUIT CARDS & STANDARD ACCESSORIES

Fig. & y Q
Index Tektronix Serial/Model No. t -
No. Part No. Eff Disc Yy 12345 DGSCI'Ipl‘IOI'I
31 670-0075-01 1 ASSEMBLY, circuit card—INPUT CHANNEL 1
------ - assembly includes:
388-0560-01 1 CARD, circuit
-2 214-0506-00 3 PIN, connector, straight, male
-3 214-0507-00 2 PIN, connector, 45°, male
-4 136-0183-00 12 SOCKET, transistor, 3 pin
-5  387-0794-00 1 PLATE, variable resistor
-6 210-0696-00 1 EYELET, 0.121 ID x 0.200 inch OD
S A 1 RESISTOR, variable
------ - mounting hardware: (not included w/resistor)
-8 210-0940-00 1 WASHER, flat, ', ID x 3, inch OD
-9 210-0583-00 1 NUT, hex., V4-32x 54 inch
-10  670-0076-01 1 ASSEMBLY, circuit card—INPUT CHANNEL 2
------ - assembly includes:
388-0559-01 1 CARD, circuit
-11 214-0506-00 3 PIN, connector, straight, male
-12  214-0507-00 2 PIN, connector, 45°, male
-13  136-0183-00 6 SOCKET, transistor, 3 pin
-14  387-0794-00 1 PLATE, variable resistor
<15 210-0696-00 1 EYELET, 0.121 ID x 0.200 inch OD
6 =i v 5 owlu 1 RESISTOR, variable
...... . mounting hardware: [not included w/resistor)
-17  210-0940-00 1 WASHER, flat, V; ID x 3/} inch OD
-18  210-0583-00 1 NUT, hex., Y4-32 x 5/4 inch
-19  670-0077-01 1 ASSEMBLY, circuit card—QOUTPUT AMPLIFIER
------ - assembly includes:
388-0561-01 1 CARD, circuit
=20  214-0506-00 4 PIN, connector, straight, male
=21 136-0183-00 1 SOCKET, transistor, 3 pin
=22 136-0125-00 1 SOCKET, nuvistor, 5 pin
200-0658-00 2 COVER, plastic (not shown)
-23  210-0696-00 1 EYELET, 0.121 ID x 0.200 inch OD
-24  426-0121-00 1 MOUNT, toroid
...... = mounting hardware: (not included w/mount)
25 361-0007-00 1 SPACER, plastic, 0.188 inch long
STANDARD ACCESSORIES
-26 012-0076-00 1 CABLE, 50Q BNC to BNC
070-0885-00 2 MANUAL, instruction



IMPORTANT

VOLTAGE AND WAVEFORM CONDITIONS

Circuit voltages were measured with a 20,000Q/V DC
VOM. All readings are in volts, Voltages were measured
with respect to ground unless otherwise indicated.

Waveforms shown are actual waveform photographs taken
with a Tektronix Oscilloscope Camera equipped with a
projected graticule. Each division of the graticule repre-
sents one centimeter.

Voltages and waveforms (shown in blue) on the diagrams
are not absolute and may vary between Type 1Al units.
A 30-inch flexible cable plug-in extension {012-0038-00) was
used to operate the Type 1Al outside the oscilloscope plug-
in opening and a rigid extender card (012-0100-00) was used
for access to the Channel 1 and Output Amplifier cards test
points, Any apparent differences between voltages measured
with the voltmeter and the DC levels shown at the right side
of the waveforms are due to differences in circuit loading,
operating mode, and measurement resolution.

NOTE

Waveforms for Channel 2 are the same as for
Channel 1 except that Channel 1 has a TRIGGER
OUT amplifier and a CH 1 SIGNAL OUT amplifier.

The waveforms were obtained using a test oscilloscope with
a 10X probe. The system characteristics are as follows: Min-
imum vertical deflection factor of 0.05V/cm with the probe
10X attenuation factor included, frequency response of DC
to 10MHz. The procedure for obtaining the time related
waveforms and DC levels is described in the Maintenance
section.

CAUTION

If the Type 1A1 is used with the Type 544, 546
or 547 Oscilloscope and the plug-in extension
is used, be sure to pull the Oscilloscope plug-in
sensing switch to its outward position before turn-
ing on the oscilloscope power. The switch con-=
nects the =+ 75-Y supply to pin 15 of the 16-pin
interconnecting plug. Use care when obtaining
voltage and waveform measurements in an oper-
ating unit. An inadvertant movement of the test
prods or probe may cause a short between cir-
cuits and seriously damage circuit components,
such as solid state devices.

Control Settings
Type 1Al
(See individual diagrams for remaining control settings.)

VOLTS/CM 5

VARIABLE (VOLTS/CM) CALIB

POSITION Near midrange
{both channels)

PULL FOR INVERT
(both channels)

Normal or in

Type 547 Oscilloscope with 1A1

Triggering controls

Triggering Level Near 0 and knob pushed
for all voltages and wave-
forms except ALT and
CHOP waveforms. Fully

CW to free run sweep for

Mode
Slope
Coupling
Source

Time Base Controls
Time/Cm

Variable (Time/Cm)
Other controls

Amplitude Calibrator

Sweep Magnifier
Power

ALT and CHOP wave-
forms on switching Cir-
cuit 5

Auto Stability
+

AC

Normal Int

.5mSec to display 1-kHz
calibrator signal (Dia-
grams 2 and 4) 1 pSec for
Diagram 5
Calibrated

2 volts
X1 (Off)
On

Test Oscilloscope (for signal tracing)

External Trigger signal
applied to Trigger Input
connector

Internal Trigger

Time/Cm
V/Cm
Input Coupling

SCHEMATIC SYMBOLS

@
—
&

D=

2.V peak-to-peak 1-kHz

calibrator signal (from
Type 547 with 1A1) to
obtain time-related wave-
forms or diagrams 2 and
4.

Waveform  photographs
for ALT and CHOP modes
on diagram 5 are not
time-related.

See waveforms

See waveforms

AC, to photograph wave-
forms. DC, to obtain DC
levels (when shown) at
right side of waveforms.
Use appropriate V/Cm

-‘__-_.______,_,—"

setting (not given).

Screwdriver adjustment
Front or rear control

Refer to indicated dia-
gram

Connection to circuit
board mode with pin
connector at indicated
pin.

Connection soldered to
etched-wiring board.

Blue line encloses compo-
nents located on
etched-wiring card or
board.
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243
M
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TYPE 1Al VOLTAGES WAV EFORMS
R242< r
INPUT SIGNALTO CH 2| NOT REQUIRED | WAVEFORMS FOR < +
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INPUT SELECTOR  |GND THE SAME AS THE
WAVEFORMS FOR —150V c256
MODE cH 2 CHANNEL 1 5518
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ALSO SEE IMPORTAHT NOTE ON INSIDE SECTION N R256
OF BLOCK DIAGRA R244 150
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FET CHARACTERISTICS FHv R255
VOLTAGES AT Q223, Q24-3, Q224, AND Q244 2K
EMITTERS WILL VARY ACCORDINGLY L
SEE PARTS LIST FOR CHANNEL 2 caRD —
SEMICONDUCTOR TYPES
‘ SEE PARTS LIST FOI
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\\
ALT ° My sSwazo
CHOP O e~ TMODE b e e e 1 — _]
ADD . 'F >ia
L0 AHEEE !
cHz T o et | - | >3
.05V/CM et 1
5 ! EE-ay ‘ >z
}t _1 20 SAnkaaitnd S |
T e ]
.05V /CM :
Ak 4 v R469 S5mS/CM |‘+Zzsv_3‘>_"‘°~___>”
f 3 +5.6 +H 100 ] +z21.4
5mS/CM t Foov s : x> I
Em S R4l SR4-63 4ma
0 c404 pazi s s )
wa0S Rao4 ca0s 210K SHLTSK 9 a6 I 10
*%
PULL FOR INVERT [_—{ I
T +6.5 rR421 < c4el caea [ | 2R490 I 63ma
! azKs POSITION 20087 [ 001 T Ie2R |-180V -=———> 9
H +8.4 13 4 ca28 = = S R4§4 <6. ! - I;‘i’& 7
1 001 - 26l )
H Q Q404 \ +&7.5 ' S
: +a.7 é; D422 l/ r :
! . R428g T SR426 +75 ! 150ma. |
1 2 R40S 1002 = s2a7 | ! 15
] < - z 1
H 2 2o  casz L+
! z +1o0v L PINA, cHz | SurT-—
! R423% INPUT ! =
r SR406 255¢ CIRCUIT BOARD |
! 8 250K CH A )
| R422 SWITCHING PULSE = !
i 2X100K 71 FROM COLLECTOR R494< PINA, CHL
' (33 ity $R41G Q305 2.4K3 @ i oo |
P ~3 R409 : $5.K :
Y e T 7 Tl O . |
sl o ! L«._.__. V464 |
® |
¥l w | o5 $R4IS RazZosx OBV/CM | : ! [
zZ| 3 i V/CM S$iio e THE A vara | >6
< i GAIN *8.T\ o4/ oy SEEESERRRE 460 21 H
- v
! §§D423 .5mS /CM +39 !
1 +8.4 13 m o |
/ i Ve
| .5 SR424 R4563
|3 NENEREI A 1 SW409 . 382K 2872
: L Ra1as Lcaia
L08V/CM OPEN ONLY IN 220 L0033 0424
CALIB POSITION
R408 FULLY CW ¥5.6
+3.6 l
D451
SW435
- Laas
i sazk l
' 8.4 9 4
) +8.
1 CH I INT TRIGGER | 5
: 12 FROM Q184 & Q194 l
] * Y oas2
]
! VARIABLE ALT SWEEP SLAVE PULSE !
! VOLTS/CM To MODE Swazo-zFpa > 7
. +100v & |
N R4-238 L, I
<
' 500 ¢ 100V cn 2 CHOPPED BLANKING _p — >
cH2 ! A —AAA Ra52 42.6 baa SWITCHING PULSE FROM C353 !
SIGNAL : R4S 2 X 100K FROM COLLECTOR
§ L Q315
L 9/:’114-39 6.2k T S |
r 7 ¥ oo hotinllm Bm il ALT TRACE SYNC PULSE 8
Zt v : \ F OSV/CM| =i TO BASE Q330 @ -—
koo R453 I . I
of w | [-08 2R 3% Fi ] r
zZl 2 v/cm e I
AN .5MS/CM
= *8T Q444 -180v Roass +67.5 a
| m P vd
+8.4 @
: / INTERCONNECTING
! R454 8 PLUG Pt
<
' was PEDES POSITION PRI T —j
| Swaas - ., e
L{caLiB R4 44 Cc444 .05V /CM I
OPEN ONLY 1M 220 T -0033 D454 LTS
CALIB POSITION t
R438 FULLY CW 3.6 5mS/cm
Y~ OUTPUT AMPLIFIER CARD
REFERENCE D St
T *x
CH | INPUT AMPLIFIER YPE 1Al VOLTAGES WAVEFORMS DECOUPLED SUPPLY VOLTAGED
2-V PP
CH 2 INPUT AMPLIFIER INPUT SIGNAL TO CH1| NOT REQUIRED| 1- kHz SQUAREWAVE NOTE:
SWITCHING CIRCUIT — | .FROM CALIBRATOR _ ON SOME PLUG-INS THERE MAY BE A DIFFERENCE IN
INPUT SELECTOR GND AcC WAVEFORM AMPLITUDES AT PINS | AND 3 OF P11 .
SEE PARTS LIST FOR wooe T wn c (ALSO AN AMPLITUDE DIFFERENCE MAY EXIST BETWEEN
SEMICONDJCTOR TYPES 1 H1 . THE TWO SIDES OgNPREV\OUS AMPLIFIERS) .
B THIS 1S NOT AN ABNORMAL CONDITION FOR
X ON Ch 2 CARD ALSO SEE IMPORTANT NOTE ON INSIDE SECTION OF BLOCK DIAGRAM ' THE AMPLIFIERS INVOLVED.

TYPE 1AL PLUG - IN

S/N 20,000-UP
OUTPUT AMPLIFIER

MRH
o8



ALT
SWEEP
SLAVE
PULSE

TYPE

————————————————————————— T e e e e e — e —— o — = —— — — T
1 IF IFER 2R
IFER FER | £ SW320 ;
I 43V t o +39v | i
) | | I
I ] | i 1
o-s04Ir 00 CH |
o ALT |
]
o CHOP \
1
oIt (¢} ADD i
o CH2 !
I
= I
|
i
]
chor 3 W 19 Y }
T $R300 \ 1
L o calo_r 3750 +i3 !
IV/CM gpeig 05 I _L—< :
FEEERT = c300 + .
0.5.S/CM L |
8.1 - j \ i
[ Q343 \ |
SR301 SR3II I
2 3 D30l éDSI 1 €30
318K 21.5K ¥ ,o?las +12.7 \ :
1l ] AN \\ :
)| R342 <
csozl | sz can K3 |
.00l <R302 R312 ¢ 001 ] '
3100 100 3 0033 !
= = c342 I RI:»;AP 100 \ ! PIl @
’—_L 0.1 . - | N CHOPPED
> 16
Ifg‘:“ +agv ::[ +225v! BLANKING
caia L 0303 D313 R385 !
470 Iy R346 10K R360 +228vV
5.1k 2.7M :
€303 [ +12.7 2
* 05 L L % R347 R345
@305 |45 R302 | 5 $R204 Ral4as ¢ Lcsd .| @3/5 3.3k 150K
12K ¢ 230K 30K2 \‘l‘.os -
+1.6 oy f' =
(:1‘ . ") - -850V o
.J R313 Q
12K CH2 °
SWITCHING 7.7 $2.0 4 SWITCHING =
PULSETO RE0e Ralg ze ™ PULSE TO
DA42240423 ¥ o D452 ¢ D453 |
| :
i c306 caie i
i 41 47 i
! 39V e—— e sagv
R307 ¢ $R317 + !
i 200 < D308 4.2 D38 < 200 '
1 i
: -1s0V 4—#—4— -150V
{ R332
33
+0.4 277 =
48 2v/CM - - R334 C234 pa3so
2.6 qu -
= R33|
" - = A7
N /a2l TO COLLEQTORS .-~ +8.4
\1\ R QR30S & Q3IH crop PI'@
~o ; Q330 N) N Y ALT-TRACE
| — > 8  sync-PULSE
§ g I
R322 |
100 =
L 0.5uS /M
M OUTPUT AMPLIFIER CARD
SEE PARTS LIST FOR
SEMICONDUCTOR TYPES
¥ DENOTES SPECIAL PART
| TYPEA) | VOLTAGES { WAVEFORMS SEE PARTS LIST
INPUT SIGNALTO CH1 | NOT REQUIRED | NOT REQUIRED ¥ AMPLITUDE AND SHAPE
B . i B R DEPEND OM OSCILLOSCOPE. '&L—@'F—_w
INPUT SELECTO ND T
| INPUT S OR__J&ND ] USED WITH TYPE 1AL 4@ OUTPUT AMPLIFIER
CH 1 | SEE WAVEFORMS

lAl

PLUG-IN

MODE.

OF BLOCK DIAGRAM

ALSO SEE \MPORTAN/W: r;;grig ON INSIDE SECTION

S/N 20,000 -UP 68

SWITCHING CIRCUIT <&



FIG. 1 FRONT

TYPE 1A1 DUAL-TRACE PLUG-IN UNIT
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FIG. 3 CIRCUIT CARDS & ACCESSORIES

CHANNEL 1 INPUT CHANNEL 2 INPUT

)
©

OUTPUT AMPLIFIER

TYPE 1A1 DUAL-TRACE PLUG-IN UNIT




MANUAL CHANGE INFORMATION

At Tektronix, we continually strive to keep up with latest
electronic developments by adding circuit and component
improvements to our instruments as soon as they are devel-
oped and tested.

Sometimes, due to printing and shipping requirements, we
can't get these changes immediately info printed manuals.
Hence, your manual may contain new change information on
following pages.

A single change may affect several sections. Sections of
the manual are often printed at ditferent times, so some of
the information on the change pages may already be in
your manual. Since the change information sheets are carried
in the manual until ALL changes are permanently entered,
some duplication may occur. If no such change pages appear
in this section, your manual is correct as printed.



TYPE 1Al Page 1 of 2
ELECTRICAL PARTS LIST AND SCHEMATIC ADDITIONS
ADD:
cl18 290-0267-00 1 uF EMT 35 v
c121 290-0246-00 3.3 uF  EMT 10 Vv
c218 290-0267-00 1 uF EMT 35V
c221 290-0246-00 3.3 pF EMT 10 v
-+
3-3}‘;
PARTIAL—- —
CHANNEL |
INPUT AMPLIFIER
—9
R113
Cilie+| g
|MF =T~ DIS
N
117
c D119

M16,025/1269



Page 2 of 2 TYPE 1Al

A
Ne
= ]
CZ221 +|_ T o
8.3 uF T p22!
' &
B ozze |*® PARTIAL-
CHANNEL 2
l INPUT AMPLIFIER
L
—R213
CZI®S +«|
IﬁaF' =

M16,025/1269



TYPE 1Al TENT SN 27290

ELECTRICAL PARTS LIST AND SCHEMATIC CORRECTION

CHANGE TO:

R300 308-0314-00 680 Q 3 W WW 5%

M16,271/470



TYPE 1Al TENT SN 27890

ELECTRICAL PARTS LIST CORRECTION

CHANGE TO:
J101 131-0955-01 BNC, female
J201 131-0955-01 BNC, female

M16,334/470



TYPE 1Al

CHANGE TO:
1
R408

Rl+382

SW‘4093

SW4394

1Furnished as
2 .
Furnished as
3 .
Furnished as

4Furnished as

ELECTRICAL PARTS LIST CORRECTION

311-0422-~00

311-0422-00

311-0422-00

311-0422-00

unit with SW409.

unit with SW439.

unit with R408.

unit with R438.

500 Q, Var

500 @, Var

M16,411/470
(Rev.)
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