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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and servicing personnel. Specific warnings
and cautions will be found throughout the manual where they apply and do not appear in this summary.

Terms in This Manual

CAUTION statements identify conditions or practices
that could result in damage to the equipment or other
property.

WARNING statements identify conditions or practices
that could result in personal injury or loss of life.

Terms as Marked on Equipment

CAUTION indicates a personal injury hazard not imme-
diately accessible as one reads the markings, or a hazard to
property, including the equipment itself.

DANGER indicates a personal injury hazard immediately
accessible as one reads the marking.

Symbols in This Manual

This symbol indicates where applicable

A cautionary or other information is to be
found. For maximum input voltage see
Table 1-1.

Symbols as Marked on Equipment

; DANGER — High voltage.
@ Protective ground (earth) terminal.
A ATTENTION — Refer to manual.

Power Source

This product is intended to operate from a power source
that does not apply more than 250 velts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connecticn by way of the
grounding conductor in the power cord is essential for safe
operation.

Vi

Grounding the Product

This product is grounded through the grounding conductor
of the power cord. To avoid electrical shock, plug the
power cord into a properly wired receptable before con-
necting to the product input or output terminals. A
protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all acces-
sible conductive parts (including knobs and controls that
may appear to be insulating) can render an electric shock.

Use the Proper Power Cord

Use only the power cord and connector specified for
your product.

yse only a power cord that is in good condition.

For detailed information on power cords and connectors
see Figure 2-2.

Use the Proper Fuse

To avoid fire hazard, use only a fuse of the correct type,
voltage rating and current rating as specified in the parts
list for your product.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an
explosive atmosphere unless it has been specifically cer-
tified for such operation.

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product
covers or panels. Do not operate the product without the
covers and panels properly installed.
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SERVICING SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustment of this
product unless another person capable of rendering first
aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltages exist at several points in this product.
To avoid personal injury, do not touch exposed connec-
tions or components while power is on.

Disconnect power before removing protective panels,
soldering, or replacing components.

Power Source

This product is intended to operate from a power source
that does not apply more than 250 volts rms between the
supply conductors or between either supply conductor
and ground. A protective ground connection by way of the
grounding conductor in the power cord is essential for
safe operation.

vii
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Section 1—-2336 Service

SPECIFICATION

This section of the manual contains a general description of instrument features, identifies standard accessories, provides

option information, and lists the instrument specification.

INTRODUCTION

The TEKTRONIX 2336 Oscilloscope is a rugged, light-
weight, dual-channel, 100-MHz instrument having a com-
pact crt that provides a sharply defined trace. lts vertical
system supplies calibrated deflection factors from 5 mV per
division to 5 V per division. Sensitivity can be increased to
at least 2 mV per division by the variable VOLTS/DIV
VAR control. Trigger circuits enable stable triggering over
the full bandwidth of the vertical system. The horizontal
system provides calibrated sweep speeds from 0.5 s per
division to 50 ns per division, along with delayed-sweep
features,. thus accommodating accurate relative-time
measurements. A X10 magnifier circuit extends the maxi-
mum sweep speed to b ns per division when the SEC/DIV
switch is set to 0.05 us per division.

A 3 1/2-digit LCD (liquid-crystal display) readout
enables rapid measurement of time difference between any
two points on the oscilloscope display. Both time measure-
ment points are displayed simultaneously on the crt screen.

ACCESSORIES

The instrument is shipped with the following standard
accessories:

Probe packages

Accessory pouch
Operators manual

Service manual

Accessory pouch, zip lock
Crt filter, clear plastic
1.0-A AGC fast-blow fuses
0.5-A AGC fast-blow fuse

PR N, IR S S e )

For part numbers and further information about acces-
sories, refer to the ““Accessories” page at the back of this
manual. Your Tektronix representative or local Tektronix
Field Office can also provide accessories information.

AVAILABLE OPTION

Option 03 (100-V/200-V Power Transformer) permits
operation of the instrument from either a 100-V or a 200-V
nominal ac-power-input source at a line frequency from
48 Hz to 440 Hz.

PERFORMANCE CONDITIONS

The following electrical characteristics (Table 1-1)
are valid for the 2336 when it has been adjusted at an
ambient temperature between +20°C and +30°C, has had
a warmup period of at least 20 minutes, and is operating
at an ambient temperature between —15°C and +55°C
(unless otherwise noted).

Items listed in the “Performance Requirements” column
are verifiable qualitative or quantitative limits that may be
checked by procedures contained in the ‘‘Performance
Check’ section of the manual (see Section 4), except as
noted. Performance check procedures for items listed in
the ““Supplemental Information” column are not provided;
items in this column are either explanatory notes, perform-
ance characteristics for which no absolute limits are
specified, or characteristics that are impractical to check in
routine maintenance.

Environmental characteristics of the 2336 are given in
Table 1-2. All environmental tests performed meet the
requirements of MIL-T-28800B, Type I, Class 3 equip-
ment, except where otherwise noted.

Physical characteristics of the instrument are listed in
Table 1-3, and option electrical characteristics are presented
in Table 1-4.

11
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Table 1-1

Electrical Characteristics

Characteristics

Performance Requirements

Supplemental Information

VERTICAL DEFLECTION SYSTEM

Deflection Factor

Range 5 mV per division to 5 V per division in
a1, 2, bsequence.
Accuracy +3% on all ranges when VOLTS/DIV is

calibrated at 5 mV per division; add
0.05% per °C deviation from 25°C.

Uncalibrated (VAR) Range

Continuously variable between VOLTS/
DIV switch settings. Reduces deflection
factor at least 2.5 to 1 on all VOLTS/DIV
switch settings.

Reduces deflection factor to at least
2 mV per division with VOLTS/DIV
switch set to b mV,

Frequency Response

6-division reference signal from a
25-82 source; centered vertically, with
VOLTS/DIV VAR contro! in cali-
brated detent.

—15°C to +40°C

Dc to at least 100 MHz.
Reduces to 88 MHz at 2 mV per division.?

+40°C to +55°C

Dc to at least 85 MHz.2
Reduces to 70 MHz at 2 mV per division.?

Ac Coupled Lower —3 dB Point
1X Probe

10 Hz or less.?

10X Probe

1 Hz or less.?

Step Response

b-division reference signal, dc coupled
at all deflection factors, from a 25-2
source; centered vertically with
VOLTS/DIV VAR control in cali-
brated detent. BW LIMIT push button
must be out for full bandwidth
operation.

Rise Time (5 mV per division to
5 V per division)

—15°C to +40°C

3.5 ns or less.

Rise time is calculated from the
formula:

0.35

Rise Time = ————BW (in MAZ)

+40°C to +65°C

4.15 ns or less.?

Aberrations
Positive-Going Step
(Excluding ADD Mode)

5 mV per division to 0.2 V
per division

+3%, —3%, 3% p-p or less.

a . .
Performance Requirement not checked in manual.

1-2



Table 1-1 {(cont)

Specification—2336 Service

Characteristics

Performance Requirements

Supplemental Information

VERTICAL DEFLECTION SYSTEM (cont)

Aberrations (cont)

Negative-Going Step

Add 2% to all positive-going step
specifications; checked at 5 mV
per division.

ADD Mode

Add 4% to all positive-going step
specifications; checked at 5 mV per
division.

Position Effect

Total aberrations less than +5%, —5%,
5% p-p; checked at 5 mV per division.

Temperature Effect

Add 0.15% per °C deviation to aber-
rations specifications from 25°C.

Common-Mode Rejection Ratio

At least 10 to 1 at 50 MHz for common-
mode signals of 6 divisions or less.

VAR control adjusted for best CIRR
at 10 mV per division at 50 kHz;
checked at 10 mV per division.

Channel 2 Invert Trace Shift

Less than 0.4 division from center screen
when switching from normal to inverted.

Input Gate Current

—15°C to +30°C 0.5 nA or less. 0.1-division trace shift when moving
Input Coupling switch from GND to
AC at 5 mV per division.

+30°C to +55°C 4.0 nA or less.? 0.8-division trace shift when moving

Input Coupling switch from GND to
AC at b mV per division.

Attenuator Isolation (CH 1 to CH 2)

At least 100 to 1.

With one vertical input set at 0.5 V per
division, apply 4-V p-p 25-MHz signal;
set the other vertical input to 10 mV
per division. Check for less than

4 divisions of signal.

POSITION Control Range

At least +12 and —12 divisions from
graticule center.

Step Attenuator Balance

Less than or equal to 0.2-division trace
shift when rotated from 5 mV per
division to b V per division.

Double for each 10°C deviation
from 25°C.

Chop Frequency

275 kHz *=30%.

Input Characteristics
Resistance

1 MQ £2%.2

Capacitance

20 pF £10%.2

%performance Requirement not checked in manual.

REV NOV 1981
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Table 1-1 (cont)

Characteristics

Performance Requirements

Suppiemental Information

VERTICAL DEFLECTION SYSTEM ({cont)

Maximum Input Voltage A
DC Coupled

400 V (dc + peak ac) or
500 V p-p ac at 1 kHz or less.?

AC Coupled 400 V (dc + peak ac) or
500 V p-p ac at 1 kHz or less.?
TRIGGER SYSTEM
Sensitivity With VOLTS/DIV VAR control in
calibrated detent:
In EXT =+ 10, multiply input require-
ments by 10.
A TRIGGER

AC Coupled Signal

0.3 division internal or 50 mV external
from 20 Hz to 20 MHz; increasing to

1.1 divisions internal or 150 mV external
at 100 MHz.

LF REJ Coupled Signal

0.3 division internal or 50 mV external
from 50 kHz 10 kHz to 20 MHz;
increasing to 1.1 divisions internal or
150 mV external at 100 MHz.

Attenuates signals below 50 kHz
+10 kHz (—3 dB at 50 kHz).

HF REJ Coupled Signal

0.3 division internal or 50 mV external
from 20 Hz +4 Hz to 50 kHz £10 kHz.

Attenuates signals below 20 Hz £4 Hz
and above 50 kHz =10 kHz (—3 dB at
20 Hz and 50 kHz).

DC Coupled Signal

0.3 division internal or 50 mV external
from dc to 20 MHz; increasing to

1.1 divisions internal or 150 mV external
at 100 MHz.

B TRIGGER
(Ac Coupled Signal)

0.3 division internal or 50 mV external
from 30 Hz to 20 MHz; increasing to

1.1 divisions internal or 150 mV external
at 100 MHz.

Trigger Jitter

0.2 division or less at 5 ns per division
{X10 MAG on) with 100 MHz applied
and at the rated trigger sensitivity.

VOLTS/DIV VAR control must be in
calibrated detent.

External Trigger Inputs
Maximum Input Voltage A

Input Resistance

400 V (dc + peak ac) or
500 V p-p ac at 1 kHz or less.?

1 M +10%.2

Input Capacitance

20 pF +30%.2

3performance Requirement not checked in manual.
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Characteristics

Performance Requirements

Supplemental Information

TRIGGER SYSTEM (cont)

LEVEL Control Range
EXT

Atleastx 1V, 2V p-p.

EXT+10

Atleast £ 10V, 20 V p-p.?

Trigger View (A Trigger)
Deflection Factor
EXT

100 mV per division £40%.

EXT+10

1V per division £40%.

Centering of Trigger Point

Within 1 division of center screen.

Bandwidth

To at least 80 MHz.

4-division reference signal from a 25-£2
source; centered vertically.

Delay Difference

3ns*2ns.

B-division signal with b-ns rise time or
less from 25-£2 source, centered
vertically; equal cable length from
signal source to vertical channel and
external trigger inputs, terminated in
50 €2 at each input.

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate
Calibrated Range

A Sweep 0.5 s per division to 0.05 us per division
ina 1, 2, b sequence. X10 MAG extends
maximum sweep speed to 5 ns per
division.
B Sweep 50 ms per division to 0.05 us per
division ina 1, 2, 5 sequence. X10 MAG
extends maximum sweep speed to b ns
per division.
Accuracy Unmagnified Magnified Accuracy specification applies over the
full 10 divisions with X10 MAG on
+20°C to +30°C 2% +3% and off. Exclude the first and last
40 ns of the sweep on all sweep speeds
—~15°Cto +565°C +3%° +4%3 with X10 MAG on and off.
Linearity +5%. Over any 2-division portion of the full

10 divisions, displayed at all sweep
speeds. Exclude the first and last dis-
played divisions of the b- and 10-ns
per division sweep speeds with X10
MAG on.

3performance Requirement not checked in manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

HORIZONTAL DEFLECTION SYSTEM (cont)

Variable Range (VAR)

Continuously variable between calibrated
settings of the SEC/DIV switches.

Extends maximum A Sweep speed to
at least 1.2b s per division.

A Sweep Length

10.5 to 11.5 divisions.

Checked at 1 ms per division.

A Trigger Holdoff (VAR)

At least 2.5 times the minimum holdoff
at any sweep speed.?

Magnifier Registration

0.2 division from graticule center (X10
MAG on to X10 MAG off).

POSITION Control Range

Start of sweep must position to right of
graticule center. End of sweep must
position to left of graticule center.

Checked at 1 ms per division.

Differential Time Measurement
Accuracy

+15°C to +35°C

+1% of reading =1 count.

—15°C to +65°C

+2.5% of reading £1 count.®

Exclude delayed operation when
knobs are locked at any sweep speed
or when the A SEC/DIV switch is at
either 0.1 us per division or 0.05 us
per division. Exclude the first 0.25
division on all A Sweep speeds.

Delay Time Jitter

+0.005% of 10 times the A SEC/DIV
switch setting (less than one part in
20,000) over the full delay time range.

X-Y OPERATION

Deflection Factor Range

5 mV per division to 5 V per division
ina 1, 2, b sequence.

No X-axis variable.

Bandwidth
X-Axis Dc to at least 2 MHz.
Y-Axis Dc to at least 100 MHz.

Input Characteristics

Resistance

1 MQ +2%.2

Capacitance

20 pF £10%.2

3performance Requirement not checked in manual.
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Specification—2336 Service

Characteristics

Performance Requirements

Supplemental Information

X-Y OPERATION {(cont)

Phase Difference Between
X- and Y-Axis Amplifiers

< 3° from dc to 200 kHz.

Accuracy
X-Axis
0°C to +40°C

+5% of indicated deflection.

—15°C to +65°C

+8% of indicated deflection.®

CALIBRATOR

Waveshape

Positive-going square wave.

Duty Cycle

50% +10%.

Output Voltage
0°C to +40°C

0.2V £1%.

—15°C to +55°C

0.2V +1.5%.°

Repetition Rate

1 kHz +25%,

Output Impedance

200 2 £1%.

Z-AXIS INPUT

Sensitivity

b V p-p signal referenced to ground causes

noticeable modulation of display at
normal intensity.

Positive-going signal decreases
intensity; negative-going signal
increases intensity.

Usable Frequency Range

D¢ to 20 MHz.

Input Resistance

10 k2 £6%.

Input Capacitance

Less than 15 pF.

Maximum Input Volitage

+25 V (dc + peak ac) dc to 10 MHz,
derate above 10 MHz.?

250

V (dc + peak ac) m

Input Coupling

Dc.

3performance Requirement not checked in manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Supplemental Information

POWER SOURCE

Voltage Ranges, AC rms
115 V Nominal

100V to 132 V.

230 V Nominal

200 V to 250 V.2

Line Frequency

48 Hz to 440 Hz.2

Power Consumption

Typical 35 W at 115 V, 60 Hz.2
Maximum 60 W at 132V, 48 Hz.2 Measured at worst-case load and
frequency.
VA Maximum 75 VA®
CATHODE-RAY TUBE
Display Area 8- by 10-divisions with 0.8-centimeter

divisions; internal, nonilluminated, rise

time graticule.®

Trace Rotation Range

Adequate to align trace with horizontal

graticule lines.

Standard Phosphor p31.2

Raster Distortion Geometry Less than 0.1 division of bowing or
tilt. horizontal and vertical.

Nominal Accelerating Voltage 18 kV.?

Electrode Voltages to Ground

Heater Voltage Between CRT
Pins 1 and 14

6.3 Vrms 0.3 V; elevated to
—1960 V.

3performance Requirement not checked in manual.
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Table 1-1 (cont)

Specification—2336 Service

Characteristics

Supplemental Information

Initial Setting

Maximum p-p Ripple

High-Voltage Oscillator
Frequency, p-p Ripple

INTERNAL POWER SUPPLIES

Low-Voltage Supply Accuracy
(+20°C to +30°C)

—-10V +1.2% 1 mV
—-5V +0.9% 1mV
+5V 10.7% 1 mT
+10V +0.9% 1 mV
7+40 \Y o +0.2% 1TmV
+102V +2.5% o 1V
High-Voltage Supply Accuracy ]
(+20°C to +30°C)
—1960 V (cathode) £1.0% 2V 400 mV
+16 k\/ (anode) +4.0% 5V 500 mV

REV FEB 1982
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Table 1-2

Environmental Characteristics

Characteristics

Description

NOTE

All of the environmental tests performed meet the requirements of
MIL-T-288008, Type 11, Class 3 equipment, except storage tem-
perature and humidity requirements, which are reduced to prevent
potential damage to the LCD readout. All other instrument char-
acteristics in this table meet the full requirement of Class 3 testing.

Temperature
Operating

—15°C to +55°C.

Nonoperating (Storage)

—40°C to +80°C.

Altitude
Operating

To 15,000 ft. Maximum operating temperature decreased 1°C per 1,000 ft
above 5,000 ft.

Nonoperating (Storage)

To 50,000 ft.

Humidity
Operating

+55°C, 90% relative humidity, for at least 72 hours.

Nonoperating (Storage)

+60°C, 90% relative humidity, for at least 72 hours.

Vibration (Operating)

15 minutes along each of 3 major axes at a total displacement of 0.025 inch
p-p (4 g at 55 Hz), with frequency varied from 10 Hz to 55 Hz to 10 Hz in
1-minute sweeps. Hold 10 minutes at each major resonance, or if none exists,
hold 10 minutes at 556 Hz (procedure differs from MIL-T-28800B).

Shock (Operating and Nonoperating)

50 g, half-sine, 11-ms duration, 3 shocks per axis in each direction, for a total
of 18 shocks.

EMI

Will meet MIL-STD-461A requirements using procedures outlined in MIL-STD-
462, except use 10 Volts/Meter in place of 1 Volt/Meter for RS-03; use 500 Hz
to 30 kHz in place of 30 Hz to 30 kHz for RE-01.

Transportation

Meets the limits of National Safe Transit Association test procedure 1A-B
with a 36-inch drop.

REV NOV 1981



Table 1-3

Physical Characteristics

Specification—2336 Service

Characteristics

Description

Weight

With Accessories and Accessory Pouch

8.8 kg (19.5 Ib).

Without Accessories and Accessory Pouch

7.9 kg (17.5 Ib).

Shipping Weight

Domestic 10.9 kg (24.0 Ib).
Export 15.0 kg (33.0 Ib).
Height

With Feet and Pouch

210 mm (8.3 in).

Without Pouch

135 mm (5.3 in).

Width
With Handle

3156 mm (12.4 in).

Without Handle

274 mm (10.8 in).

Depth
With Front Cover

432 mm (17.0 in).

With Handle Extended

527 mm (20.8 in).

Table 1-4

Option Electrical Characteristics

Characteristics Performance Requirements

Supplemental Information

100-V/200-V POWER TRANSFORMER (OPTION 03)

Voltage Ranges, AC rms

100 V Nominal 90 Vto 115 V.2
200 V Nominal 180 V to 230 V.2
Line Frequency 48 Hz to 440 Hz.2

Power Consumption

Typical 35 W at 100 V, 60 Hz.?

Maximum 60 W at 115 V, 48 Hz.? Measured at worst-case load and
frequency.

VA Maximum 75 VA.2

3performance Requirement not checked in manual.
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Section 2—2336 Service

OPERATING INSTRUCTIONS

This section of the manual provides information on instrument installation and power requirements, and the functions of
controls, connectors, and indicators are described. Operating considerations and procedures intended to familiarize the
operator with obtaining basic oscilloscope displays are included. For more complete operating information, refer to the 2336

Operators Manual.

PREPARATION FOR USE

SAFETY CONSIDERATIONS

Refer to the Safety Summary at the front of this manual
for power source, grounding, and other safety considera-
tions pertaining to the use of the 2336. Before connecting
the instrument to a power source, read the following infor-
mation, then verify that the LINE VOLTAGE SELECTOR
switch is properly set for the ac power source being used
and that the proper power-input fuse is installed.

CAUTION

This instrument may be damaged if operated with
the LINE VOLTAGE SELECTOR switch set for the
wrong applied ac power input source voltage or if the
wrong line fuse is installed.

LINE VOLTAGE SELECTION

The 2336 operates from either a 115-V or a 230-V
nominal ac power input source with a line frequency
ranging from 48 Hz to 440 Hz. Before connecting the
power cord to a power input source, verify that the LINE
VOLTAGE SELECTOR switch, located on the rear panel
(see Figure 2-1), is set for the correct nominal ac power
input source voltage. To convert the instrument for oper-
ation from one line-voltage range to the other, move the
LINE VOLTAGE SELECTOR switch to the correct
nominal ac source voltage position (see Table 2-1). If your
instrument is equipped with Option 03 (100-V/200-V
Power Transformer), use Table 2-2. The detachable power
cord may have to be changed to match the power source
outlet.

Table 2-1
Line Voltage and Fuse Selection
Line Voltage
Selector Switch Voltage
Position Range Fuse Data
115 V Nominal | 100t0 132V | 1.0 A, 250 V, Fast-blow
250 V Nominal | 200to 260 V | 0.5 A, 250 V, Fast-blow
Table 2-2
Option 03 Line Voltage and Fuse Selection
Line Voltage
Selector Switch Voltage
Position Range Fuse Data
100 V Nominal 90to 1156V | 1.0 A, 250 V, Fast-blow
200 V Nominal | 180to 230V | 0.5 A, 260 V, Fast-blow
LINE FUSE

To verify that the instrument power-input fuse is of
proper value for the nominal ac source voltage, perform
the following procedure:

1. Press in the fuse holder cap and release it with a
slight counterclockwise rotation.



Operating Instructions—2336 Service

DETACHABLE

LINE VOLTAGE POWER CORD

SELECTOR SWITCH

BXTZ AXIS INPUT
POSITIVE GOING INPUT DECREASES INTENSITY
5V PP CAUSES NOTICEABLE MODULATION AT
NORMAL INTENSITY.
CAUTION
DO NOT REMOVE COVERS, REFER
SERVICING TO QUALIFIED PERSONNEL.
FOR CONTINUED FIRE PROTECTION,
REPLACE ONLY WITH SPECIFIED TYPE

CAUTION
TO AVOID ELECTRIC SHOCK
THE POWER CORD PROTECTIVE
GROUNDING CONDUCTOR MUST
BE CONNECTED TO GROUND.

LINE VOLTAGE
SELECTOR

AND RATED FUSE. DISCONNECT POWER
INPUT BEFORE REPLACING FUSE.

[NOMINAL T_RANGE_JFUSE 250V
[tev_ T toov-132v 11,08 FAST|
(v [ 200v 250V [ 058 FAST)

POWER MAX WATTS 60
MAX VA 75

FREQ 48-440Hz

TEKTRONIX, INC,, BEAVERTON, OREGON, US.A.

CORD-SET-
SECURING FUSE
CLAMP
4115-15
Figure 2-1. LINE VOLTAGE SELECTOR switch, line fuse, and power cord.
2. Pull the cap (with the attached fuse inside) out of Nominal
the fuse holder. Plug Line- Reference
Configuration Usage V:’A"g?e Standards  |Option #
3. Verify proper fuse value (see Tables 2-1 and 2-2). - North ANSI C73.11°
Ny |American| 120V | NEMA 5-15-P° | Standard
o 120V/ \EC 83¢
15A
Universal CEE (7}, 11,1V,
sy | 2 oo | ¥
IEC 83
POWER CORD 10-16A
Py BS 1363°
This instrument has a detachable, three-wire power cord zfgx/ 240V IEC 83¢ A2
with a three-contact plug for connection to both the power
source and protective ground. Its power cord is secured to Australian
the rear panel by a cord-set-securing clamp. The plug 240v/ | 240V |ASC112' A3
protective-ground contact connects (through the power- 10A
cord protective grounding conductor) to the accessible .
metal parts of the instrument. For electrical-shock pro- North ANSI C73.20 ,,
o : . American| 545y | NEMA 6-15-P A4
tection, insert this plug into a power source outlet that has 240vV/ )
. IEC 83¢
a properly grounded protective-ground contact. 15A

Instruments are shipped with the required power cord
as ordered by the customer. Available power cord options
are illustrated in Figure 2-2. Contact your Tektronix
representative or local Tektronix Field Office for additional
power-cord information.

2-2

aANSiI—American National Standards Institute

bNEMA —National Electrical Manufacturer’s Association
ClEC—International Electrotechnical Commission
dCEE—International Commission on Rules for the Approval of

Electrical Equipment

eBS—British Standards Institution

fAS—Standards Association of Australia

2931-05

Figure 2-2. Optional power cords.




Operating Instructions—2336 Service

CONTROLS, CONNECTORS, AND INDICATORS

This part of the manual will familiarize the operator @ INTEN Control—Determines the brightness of the crt
with the location and operation of instrument controls, display (has no effect when BEAM FIND switch is
connectors, and indicators. pressed in).

POWER AND DISPLAY @ BEAM FIND Switch—When held in, compresses the

display to within the graticule area and provides a
visible viewing intensity to aid in locating off-screen

Refer to Figure 2-3 for location of items 1 through 8. .
displays.

TRACE ROTATION Control—Screwdriver control

POWER Switch—Turns instrument power on and off. @
used to align the crt trace with the horizontal grati-

Press in for ON; press again for OFF.

cule lines.
FOCUS Control—Adjusts for optimum display
definition. . . Lo
nitio @ Internal Graticule—Eliminates parallax viewing error
between the trace and graticule lines. Rise-time
. . amplitude measurement points are indicated at the
ASTIG Control—Screwdriver control used in con- .
left edge of the graticule.

junction with the FOCUS control to obtain a well-
defined display over the entire graticule area. It does
not require readjustment during normal operation

. SERIAL and Mod Slots—The SERIAL slot is imprinted
of the instrument.

with the instrument’s serial number. The Mod slot
contains the option number that has been installed in
the instrument.

K _ VERTICAL
TRACE ROTATION Tektronix 2336 o
\@ Refer to Figure 2-4 for location of items 9 through 19.
~3 w1 (3) AMPL CAL Connector—Provides a 0.2V, positive-
@/— T going square-wave voltage (at approximately 1 kHz)
ASTG P I that permits the operator to compensate voltage
C) _»@ L I probes and to check oscilloscope vertical operation.
AR RaaasEaES EECE S R It is not intended to verify time-base calibration.
m -
@>___> ';‘ ) 1 CH 1 OR X and CH 2 OR Y Connectors—Provide for
o RS S ERRTY EPRTY EPRPS ST B application of external signals to the inputs of the
N eF T vertical deflection system or for an X-Y display. In
O _@ ] the X-Y mode, the signal connected to the CH 1 OR
@_____, /- X connector provides horizontal deflection, and the
Cﬂt—) ) signal connected to the CH 2 OR Y connector
\ \ f provides vertical deflection.

6 @ Input Coupling Switches (AC-GND-DC)—Select the

method of coupling input signals to the vertical
deflection system.

4117-10

AC—Input signal is capacitively coupled to the
Figure 2-3. Power and display controls and indicators. vertical amplifier. The dc component of the

@ 23



Operating Instructions—2336 Service

input signal is blocked. Low-frequency limit
(—3 db point) is approximately 10 Hz,

GND-The input of the vertical amplifier is
grounded to provide a zero (ground) reference
voltage display (does not ground the input signal).
Allows precharging the input coupling capacitor.

DC—AIl frequency components of the input signal
are coupled to the vertical deflection system.

@ CH 1 VOLTS/DIV and CH 2 VOLTS/DIV Switches—

Select the vertical deflection factor in a 1-2-6
sequence. VAR control must be in detent to obtain
a calibrated deflection factor.

1X PROBE-Indicates the deflection factor
selected when using either a 1X probe or coaxial
cable.

10X PROBE-—Indicates the deflection factor
selected when using a 10X probe.

VAR Controls—Provide continuously variable uncal-
ibrated deflection factors between the calibrated
settings of the VOLTS/DIV switches when rotated

MPDSITION \m o Jﬁ POSITION
mif 3 /

VERTICAL MODE

CH1 ALT CHOP ADD H CH.2 INVERT |

0
- /

CH1 VULTSH]IVI UNCAL CH 2 VOLTS/DIV -

0X

O,

4117-11

Figure 2-4. Vertical controls, connectors, and indicators and

ealibrator output.

24

clockwise out of the detent position. Channel 1
VOLTS/DIV VAR control is inoperative when X-Y
VERTICAL MODE is selected.

UNCAL Indicator—LED illuminates to indicate that
either Channel 1 or Channel 2 VOLTS/DIV VAR
control is out of calibrated detent (vertical deflection
factor is uncalibrated).

VERTICAL MODE Switches—Five push-button
switches that select the mode of operation for the
vertical amplifier system.

CH 1—Selects only the Channel 1 input signal for
display.

ALT—The display alternates between Channel 1
and Channel 2 vertical input signals. The alter-
nation occurs during retrace at the end of each
sweep. This mode is useful for viewing both
vertical input signals at sweep speeds from 0.2
ms per division to 0.05 us per division.

CHOP—The display switches between the Chan-
nel 1 and Channel 2 vertical input signals during
the sweep. The switching rate is approximately
275 kHz. This mode is useful for viewing both
Channel 1 and Channel 2 vertical inputs at sweep
speeds from 0.5 ms per division to 0.5 s per
division.

ADD—Selects the algebraic sum of the Channel 1
and Channel 2 input signals for display.

CH 2—Selects only the Channel 2 input signal
for display.

AUTO—Press in both ALT and CHOP buttons.
The A Sweep circuitry automatically selects the
most useful switching method (ALT or CHOP)
for dual displays.

X-Y—Press in both CH 1 and CH 2 buttons. The
X-signal is applied through the Channel 1 input
connector, and the Y-signal is applied through
the Channel 2 input connector.

CH 2 INVERT Switch—Inverts Channel 2 display

when button is pressed in. Push button must be
pressed in a second time to release it and regain a
noninverted display.

POSITION Controls—Determine the vertical position
of the displays on the crt. When X-Y VERTICAL
MODE is selected, the Channel 2 POSITION control

REV NOV 1981



moves the display vertically (Y-axis), and the Hori-
zontal POSITION control moves the display hori-
zontally (X-axis).

BW LIMIT Switch—Limits the bandwidth of the
vertical amplifier to approximately 20 MHz when
pressed in. Push button must be pressed a second
time to release it and regain full 100-MHz bandwidth
operation. Provides a method for reducing inter-
ference from unwanted high-frequency signals when
viewing low-frequency signals.

TRIG VIEW Switch—Press in and hold this push
button to display a sample of the signal present in
the A Trigger amplifier (for all A TRIGGER
SOURCE switch settings except VERT MODE).
All other signal displays are removed while the
TRIG VIEW push button is held in.

HORIZONTAL

Refer to Figure 2-5 for location of items 20 through 26.

B DELAY TIME POSITION and A TIME POSITION

Controls—Select the amount of delay time between
start of the A Sweep and start of the B Sweep. Delay
time is variable to at least 10 times the A SEC/DIV
switch setting. The B DELAY TIME POSITION
(outer knob) controls the reference point when the
B TRIGGER SOURCE switch is set to either A TIME
or RUNS AFTER DLY. The A TIME (inner knob)
controls the time-measurement point only when the
B TRIGGER SOURCE switch is set to A TIME. When
the time-measurement point is to the left of the
reference point, the LCD readout indicates a negative
time difference.

A AND B SEC/DIV Switches—Selects the sweep
speed for the A and B Sweep generators in a 1-2-5
sequence. The A SEC/DIV switch sets the time
between the B Sweeps (delay time). For calibrated
sweep rates, the TIME (PULL) VAR control must be
in the calibrated detent (fully clockwise position).

A SEC/DIV—The A Sweep speed is shown
between the two black lines on the clear plastic
skirt. This switch also selects the delay time (used
in conjunction with the B DELAY TIME POSI-
TION control) for delayed sweep operation.

B SEC/DIV—-The B Sweep speed is set by pulling
the inner knob and rotating it to a setting shown
by the white line scribed on the knob. The B
Sweep circuit is used for delayed sweep operation
only.

Operating Instructions—2336 Service

@ TIME (PULL) VAR Control—Provides continuously

variable, uncalibrated A Sweep speeds between SEC/
DIV switch settings to at least 2.5 times the cali-
brated setting (extends slowest sweep speed to at
least 1.25 s per division). To operate this control, pull
out the VAR knob and rotate it counterclockwise
out of the detent.

UNCAL Indicator LED—Illuminates to indicate that
the A Sweep speed is uncalibrated when the TIME
(PULL) VAR control is rotated out of the calibrated
detent.

HORIZ MODE Switches—Three push-button switches

that select the mode of operation for the horizontal
deflection system.

A—Horizontal deflection is provided by the A
Sweep generator at a sweep speed determined by
the setting of the A SEC/DIV switch.

A INTEN—Horizontal deflection is provided by
the A Sweep generator at a speed determined by
the A SEC/DIV switch. The B Sweep generator
provides an intensified zone on the display. The
length of the intensified zone is determined by

{2PosITONT //@
B

\ HD‘HIZODE
UNCAL

i 5
A i w
TIME (PULL  TRIG HOLDOFF (PUSH)

B'OELAY TIME . ATIME
POSTION S POSITION

4117-12

Figure 2-5. Horizontal controls and indicator.
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the setting of the B SEC/DIV switch. The location
of the intensified zone is determined by the setting
of the B DELAY TIME POSITION and A TIME
POSITION controls.

B—Horizontal deflection is provided by the B
Sweep generator at a sweep speed determined by
the setting of the B SEC/DIV switch. The start
of the B Sweep is delayed from the start of the A
Sweep by a time determined by the settings of the
A SEC/DIV switch and the B DELAY TIME
POSITION and A TIME POSITION controls.

@ X10 MAG Switch—When pressed in, increases the

displayed sweep speed by a factor of 10. Extends
fastest sweep speed to 5 ns per division. Push button
must be pressed in a second time to release it and
regain the X1 sweep speed.

POSITION Control—Positions the display hori-
zontally in all modes. Provides both coarse and fine
control action. Reverse the direction of rotation to
actuate fine positioning feature. When X-Y VER-
TICAL MODE is selected, the Horizontal POSITION
control moves the display horizontally (X-axis).

A TRIGGER

Refer to Figure 2-6 for location of items 27 through 34.

@ SLOPE Switch—Selects the slope of the signal that

2-6

triggers the sweep.

+ {(plus)-When push button is released out,
sweep is triggered from the positive-going slope of
the trigger signal.

— (minus)—When push button is pressed in, sweep
is triggered from the negative-going slope of the
trigger signal.

LEVEL Control—Selects the amplitude point on the
trigger signal at which the sweep is triggered. The
LEVEL control is usually adjusted for the desired
display after trigger SLOPE, COUPLING, and
SOURCE switch settings have been selected.

Trigger Mode Switches—Three push-button switches
that determine the trigger mode for the A Sweep.

AUTO—Permits triggering on waveforms with
repetition rates down to approximately 10 Hz.
Sweep free runs and provides a baseline trace

either in the absence of an adequate trigger signal
or when the repetition rate of the trigger signal
is below approximately 10 Hz.

NORM-—Sweep is initiated when an adequate
trigger signal is applied. In the absence of a trigger
signal, no baseline trace will be present.

SGL SWP—Press in the spring-return push button
momentarily to arm the A Sweep circuit for a
single sweep display. This mode operates the same
as NORM, except only one sweep is displayed for
each trigger signal. Another single sweep cannot be
displayed until the SGL SWP push button is
momentarily pressed in again to reset the A Sweep
circuit. This mode is useful for displaying and
photographing either nonrepetitive signals or
signals that cause unstable conventional displays
(e.g., signals that vary in amplitude, shape, or
time).

TRIG’'D-READY Indicator LED—Illuminates when

either AUTO or NORM Trigger Mode is selected to
indicate that the A Sweep is triggered (TRIG’D).
When SGL SWP Trigger Mode is selected, the LED
illuminates to indicate that the trigger circuit is
armed (READY) for a single sweep display.

o >
=
/

B 6o bl

20D

—

SPOSTIOND> \ RIGGER  \pypy \/.
X10_MAG LOPE
;"\" . / v""\, Y
O O
HORIZ MODE A A

oo |0

7z

Hys =

.3
&
3

o~

= =
2 |
= £
R

A o B SEC/DV [ 0 Q;JQ/

TIME {PULL)  TRIG HOLDOFF (PUSH) =10

BOELAY TME o ATIME
POSTION —~ POSITION

4117-13

Figure 2-6. A TRIGGER controls, connector, and indicator.



SOURCE Switch—Determines the source of the trig-
ger signals coupled to the input of the trigger circuit.

VERT MODE—-The internal trigger source is
determined by the signals selected for display by
the VERTICAL MODE switches.

CH 1-The signal applied to the CH 1 input
connector is the source of the trigger signal.

CH 2—-The signal applied to the CH 2 input
connector is the source of the trigger signal.

LINE—Provides a trigger signal from a sample of
the ac-power-source waveform. This trigger source
is useful when channel input signals are time
related {multiple or submultiple) to the frequency
of the power-input source voltage.

EXT—Permits triggering on signals applied to the
External Trigger Input connector (A EXT).

EXT+10—External trigger signals are attenuated
by a factor of 10.

A EXT Connector—Provides a means of applying
external signals to the trigger circuit.

@ COUPLING Switch—Determines the method used to

couple the trigger signal to the input of the trigger
circuit.

AC-—Signals above 20 Hz are capacitively coupled,
blocking any dc components of the signal. Signals
below 20 Hz are attenuated.

LF REJ-Signals are capacitively coupled. The
dc component is blocked, and signals below
approximately 50 kHz are attenuated. This
position is useful for providing a stable display of
the high-frequency components of a complex
waveform.

HF REJ—Signals are capacitively coupled. The
dc component is blocked, and signals below
approximately 20 Hz and above approximately
50 kHz are attenuated. This position is useful for
providing a stable display of the low-frequency
components of a complex waveform.

DC—AIll components of the signal are coupled to
the A Trigger circuitry. This position is useful for
displaying low-frequency or low-repetition-rate
signals.

Operating Instructions—2336 Service

TRIG HOLDOFF (PUSH) VAR Control—Provides

continuous control of holdoff time between sweeps.
This control improves the ability to trigger on aperi-
odic signals (such as complex digital waveforms)
and increases the minimum holdoff time to at least
2.5 times at any sweep speed.

B TRIGGER

Refer to Figure 2-7 for location of items 35 through 39.

@ LEVEL Control—Selects the amplitude point on the

trigger signal at which the sweep is triggered. This
control is usually adjusted for the desired display
after Trigger SLOPE and SOURCE switch settings
have been selected.

SOURCE Switch—Determines the mode of operation
for the B Sweep and the signal source for the B
Trigger.

A TIME—Provides two intensified zones on the
crt trace for differential time measurements. The
time difference between the two intensified zones
is determined by the B DELAY TIME POSITION
and A TIME POSITION controls. Time difference
is displayed on the LCD Readout. With the
HORIZ MODE set to A INTEN, alternation of the
reference intensified zone and measurement
intensified zone occurs at the end of each sweep.
With the HORIZ MODE set to B, the start of the
B Sweep alternates between the setting of the
reference intensified zone and the setting of the
measurement intensified zone.

RUNS AFTER DLY—-The B Sweep starts imme-
diately after the delay time selected by the B
DELAY TIME POSITION control and is inde-
pendent of the B Trigger signal.

VERT MODE—Allows the internal trigger source
to be determined by the vertical mode of
operation.

CH 1-—The signal applied to the CH 1 input con-
nector is the source of the trigger signal.

CH 2-The signal applied to the CH 2 input
connector is the source of the trigger signal.

EXT—Permits triggering on signals applied to the
External Trigger Input (B EXT) connector.
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4117-14

Figure 2-7. B TRIGGER controls, connector, and LCD readout.

SLOPE Switch—Selects the slope of the signal that
triggers the sweep.

+ (plus)—Sweep is triggered on the positive-going
portion of the trigger signal.

— (minus)—Sweep is triggered on the negative-
going portion of the trigger signal.

B EXT Connector—Provides a means of introducing
external signals into the B Trigger Generator.

Readout—Consists of a 3 1/2-digit LCD unit which
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is used when the B TRIGGER SOURCE switch is
set to A TIME. Negative polarity indication is auto-
matic for negative time measurements. No polarity
indication is displayed for positive values. The
decimal point location is controlled by the A SEC/
DIV switch, B DELAY TIME POSITION, and A
TIME POSITION controls. The readout displays
UNCAL when the TIME (PULL) VAR control
is out of calibrated detent. It indicates units of time

difference between the two intensified zones on the
crt display in seconds (s), milliseconds (ms), micro-
seconds {us), or nanoseconds (ns).

REAR PANEL

Refer to Figure 2-8 for location of items 40 and 41.

GND Connector—Provides direct connection to

instrument chassis ground.

EXT Z AXIS INPUT Connector—Provides a means of

connecting external signals to the Z-Axis amplifier
to intensity modulate the crt display. Applied signals
do not affect display waveshape. Signals with fast
rise time and fall time provide the most abrupt
intensity change. Positive-going signals decrease
the intensity, and a 5-V p-p signal will produce
noticeable modulation. Z-axis signals must be time-
related to the display to obtain a stable presentation
on the crt.
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A\

CAUTION e y 7 BT Z AXIS INPUT 10KS2 25V PEAK MAX

\ POSITIVE GOING INPUT DECREASES INTENSITY
TO AVOID ELECTRIC SHOCK E | 6 PP CAUSES NOTICEABLE MODULATION AT
LINE VOLTAGE THE POWER CORD PROTECTIVE NORMAL INTENSITY.
GROUNDING CONDUCTOR MUST
SELECTOR BE CONNECTED 70 GROUND. - gﬁk’;&g'}‘i -

SERVICING TO QUALIFIED PERSONNEL

FOR CONTINUED FIRE PROTECTION,
REPLACE ONLY WITH SPECIFIED TYPE
AND RATED FUSE. DISCONNECT POWER
INPUT BEFORE REPLACING FUSE.

[ NOMINAL ]_RANGE_] FUSE 750V ]
|11V ] 100v-132v 108 FAST ]

POWER MAX WATTS 80
MAX VA 75
FREQ 48-440Hz
TEKTRONIX, INC., BEAVERTON, DREGON, USA.

4115-14A
Figure 2-8. Rear-panel connectors.
This part contains basic operating information and
techniques that should be considered before attempting 1ST OR LEFT CENTER 11TH OR RIGHT
VERTICAL VERTICAL VERTICAL
ents.
any measurements GRATICULE GRATICULE GRATICULE
LINE LINE LINE
GRATICULE
The graticule is internally marked on the faceplate of
the crt to enable accurate measurements without parallax
error (see Figure 2-9). It is marked with eight vertical and
horizontal major divisions. In additi h maj RISE AND CENIER
te:n' horizontal major ions. In addition, each major FALL TIME HORIZONTAL
division is divided into five subdivisions. The vertical MEASUREMENT GRATICULE
deflection factors and horizontal timing are calibrated to PE\/&C&E;—QSGE LINE
the graticule so that accurate measurements can be made .
directly from the crt. Also, percentage marks for the 11516
measurement of rise and fall times are located on the left
side of the graticule. Figure 2-9. Graticule measurement markings.
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GROUNDING

The most reliable signal measurements are made when
the 2336 and the unit under test are connected by a
common reference (ground lead) in addition to the signal
lead or probe. The probe’s ground lead provides the best
grounding method for signal interconnection and ensures
the maximum amount of signal-lead shielding in the probe
cable. A separate ground lead can also be connected from
the unit under test to the oscilloscope GND connector
located on the rear panel.

SIGNAL CONNECTIONS

Probes

Generally, probes offer the most convenient means of
connecting an input signal to the instrument. They are
shielded to prevent pickup of electromagnetic interference,
and the supplied 10X probe offers a high input impedance
that minimizes circuit loading. This allows the circuit under
test to operate with a minimum of change from the normal
condition of the circuit when measurements are being
made.

Coaxial Cables

Cables may also be used to connect signals to the input
connectors, but they may have considerable effect on the
accuracy of a displayed waveform. To maintain the original
frequency characteristics of an applied signal, only high-
quality, low-loss coaxial cables should be used. Coaxial
cables should be terminated at both ends in their char-
acteristic impedance. If this is not possible, use suitable
impedance-matching devices.

INPUT COUPLING
CAPACITOR PRECHARGING

When the input coupling switch is set to GND, the input
signal is connected to ground through the input coupling
capacitor in series with an 800-k§2 resistor to form a pre-
charging network. This network allows the input coupling
capacitor to charge to the average dc-voltage level of the
signal applied to the probe. Thus, any large voltage
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transients that may accidentally be generated will not be
applied to the amplifier input when input coupling is
switched from GND to AC. The precharging network also
provides a measure of protection to the external circuitry
by reducing the current levels that can be drawn from the
external circuitry during capacitor charging.

The following procedure should be used whenever the
probe tip is connected to a signal source having a different
dc level than that previously applied, especially if the dc-
level difference is more than 10 times the VOLTS/DIV
switch setting:

1. Set the AC-GND-DC switch to GND before connect-
ing the probe tip to a signal source.

NOTE

The outer shells of the A EXT, CH 1 OR X, and
CH 2 OR Y connectors are attached to the 2336
chassis ground.

2. Touch the probe tip to the oscilloscope chassis
ground.

3. Wait several seconds for the input coupling capacitor
to discharge.

4. Connect the probe tip to the signal source.

5. Wait several seconds for the input coupling capacitor
to charge.

6. Set the AC-GND-DC switch to AC. The display will
remain on the screen, and the ac component of the signal
can be measured in the normal manner.

INSTRUMENT COOLING

To maintain adequate instrument cooling, the ventila-
tion holes on both sides of the equipment cabinet must
remain free of obstructions.



INTRODUCTION

The procedures in this section will allow you to set up
and operate your instrument to obtain the most commonly
used oscilloscope displays. Before proceeding with these
instructions, verify that the LINE VOLTAGE SELECTOR
switch is placed in the proper position and that the correct
line fuse is installed for the available ac-power-input source
voltage. Refer to the “Preparation for Use” instructions
in this section for this information and for procedures
relating to ac-power-input source voltage and fuse selection.
Verify that the POWER switch is OFF (push button out).

NORMAL SWEEP DISPLAY

Obtain a Normal Sweep Display (baseline trace), using
the following procedure.

1. Preset the instrument front-panel controls as follows:

Operating Instructions—2336 Service

OSCILLOSCOPE DISPLAYS

A Trigger
SLOPE + (push button out)
LEVEL Midrange
Trigger Mode Select AUTO
COUPLING AC
SOURCE VERT MODE
TRIG HOLDOFF
(PUSH) VAR Fully clockwise and pushed in
B Trigger
SLOPE + (up)
LEVEL Midrange
SOURCE A TIME

2. Press in the POWER switch button (ON) and allow
the instrument to warm up for 20 minutes.

3. Adjust the INTEN control for desired display

Display
INTEN Fully counterclockwise
(minimum)
ASTIG Midrange
FOCUS Midrange

AC-GND-DC
VOLTS/DIV
VOLTS/DIV VAR

VERTICAL MODE
CH 2 INVERT
BW LIMIT

POSITION

Horizontal

A AND B SEC/DIV
TIME (PULL) VAR

HORIZ MODE
X10 MAG
POSITION

B DELAY TIME
POSITION

A TIME POSITION

Vertical (both CH 1 and CH 2 if applicable)

AC
50 m (1X)

Calibrated detent (fully
counterclockwise)

Select CH 1
Off (push button out)

Not limited (push button
out)

Midrange

Locked together at 0.5 ms

Pull out the VAR knob and
set it to the calibrated detent
(fully clockwise), then push
in the VAR knob.

Select A
Off (push button out)
Midrange

Fully counterclockwise
Midrange

brightness.

4. Adjust the Vertical and Horizontal POSITION
controls to center the trace on the screen.

SIGNAL DISPLAY

1. Obtain a Normal Sweep Display.

2. Apply a signal to either vertical-channel input
connector and set the VERTICAL MODE switch to display
the channel used. To display two time-related input signals,
use both vertical-channel input connectors and select either
ALT or CHOP VERTICAL MODE, depending on the
frequency of input signals (or select AUTO VERTICAL
MODE, if automatic selection is desired).

3. Adjust the INTEN control for desired display bright-
ness. If the display is not visible with the INTEN control
at midrange, press the BEAM FIND push button and hold
it in while adjusting the appropriate VOLTS/DIV switch(es)
to reduce the vertical display size. Center the compressed
display within the graticule area using the Vertical and
Horizontal POSITION controls; release the BEAM FIND
push button.

4. Adjust the A TRIGGER LEVEL control if necessary
to obtain a stable display.
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5. Set the appropriate VOLTS/DIV switch(es) and
readjust the Vertical and Horizontal POSITION controls
to center the display within the graticule area.

6. Set the A SEC/DIV switch for the desired number of
cycles of displayed signal. Then adjust the FOCUS control
(and ASTIG, if necessary) for the best-defined display.

MAGNIFIED-SWEEP DISPLAY

1. Obtain a Signal Display (see preceding instructions).

2. Adjust the Horizontal POSITION control to move
the trace area to be magnified to within the center graticule
division of the crt (0.5 division on each side of the center
vertical graticule line). Change the A SEC/DIV switch
setting as required.

3. Press in the X10 MAG push button (on) and adjust
the Horizontal POSITION control for precise positioning
of the magnified display.

4. To calculate the magnified sweep speed, divide the
A SEC/DIV switch setting by 10.

DELAYED-SWEEP DISPLAY

1. Obtain a Signal Display.

2. Set the B TRIGGER SOURCE SWITCH to RUN
AFTER DLY.

3. Select A INTEN HORIZ MODE and set the B SEC/
DIV switch until the intensified zone is the desired length.
Adjust the INTEN control as needed to make the inten-
sified zone distinguishable from the remainder of the
display.

4, Adjust the B DELAY TIME POSITION control to
move the intensified zone to cover that portion of the
A trace that is to be displayed on the B trace.

5. Select the B HORIZ MODE. The intensified zone
adjusted in steps 3 and 4 is now displayed as the B trace.
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The delayed sweep speed is indicated by the white stripe
on the B SEC/DIV knob.

DELAYED-SWEEP MEASUREMENTS

1. Obtain a Signal Display.

2. Select the A INTEN HORIZ MODE and set the
B SEC/DIV switch until the two intensified zones are the
desired length. Adjust the INTEN control as needed to
make the intensified zones distinguishable from the
remainder of the display.

3. Adjust the B DELAY TIME POSITION control to
move the reference point to the first pulse of interest.

4. Adjust the A TIME POSITION control to move the
measurement point to the second pulse of interest.

5. Select the B HORIZ MODE and adjust the A TIME
POSITION control to superimpose the waveforms.

6. Read the time difference on the LCD readout.

SINGLE-SWEEP DISPLAY

1. Obtain a Signal Display. For random signals, set the
A TRIGGER LEVEL control to trigger the sweep on a
signal that is approximately the same amplitude as the
random signal.

2. Press in the A TRIGGER SGL SWP push button
momentarily for single-sweep operation. The next trigger
pulse will initiate the sweep, and a single trace will be
displayed. If no trigger signal is present, the TRIG'D-
READY light should illuminate to indicate that the A
Sweep Generator circuit is set to initiate a sweep when a
trigger signal is received.

3. When the single sweep has been triggered and the
sweep is completed, the Sweep-Logic circuitry is locked
out. Another sweep cannot be generated until the A
TRIGGER SGL SWP push button is again pressed in to
set the A Sweep Generator to the READY condition.



X-Y DISPLAY

1. Obtain a Normal Sweep Display.

2. Use equal length coaxial cables, or the two supplied
10X probes, to apply the horizontal signal (X-axis) to the
CH 1 OR X input connector and the vertical signal (Y-axis)
to the CH 2 OR Y input connector.

3. Select X-Y VERT MODE by simultaneously pressing
in the CH 1 and CH 2 push buttons.

Operating Instructions—2336 Service

4. Advance the INTEN control setting until two dots
are displayed. The display can be positioned horizontally
with the Horizontal POSITION control and vertically with
the Channel 2 POSITION control.

NOTE

The display obtained when sinusoidal signals are
applied to the X- and Y-axis is called a Lissajous
Figure. This display is commonly used to compare
the frequency and phase relationship of two input
signals. The frequency relationship of the two input
signals determines the pattern seen. The pattern will
be stable only if a common divisor exists between
the two frequencies.
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THEORY OF OPERATION

INTRODUCTION

SECTION ORGANIZATION

This section contains a functional description of the
2336 Oscilloscope circuitry. The discussion begins with an
overview of instrument functions and continues with
detailed explanations of each major circuit. Reference is
made to supporting schematic and block diagrams which
will facilitate understanding of the text. These diagrams
show interconnections between parts of the circuitry,
identify circuit components, list specific component values,
and indicate interrelationships with front-panel controls.

The detailed block diagram and the schematic diagrams
are located in the tabbed ““Diagrams’’ section at the rear of
this manual, while smaller functional diagrams are
contained within this section near their respective text.
The particular schematic diagram associated with each
circuit description is identified in the text, and the diagram
number is shown (enclosed within a diamond symbol)
on the tab of the appropriate foldout page. For optimum
understanding of the circuit being described, refer to both
the applicable schematic diagram and the functional block
diagram.

INTEGRATED CIRCUIT DESCRIPTIONS

Digital Logic Conventions

Digital logic circuits perform many functions within
this instrument. The operation of these circuits is
represented by specific logic symbology and terminology.
Most logic-function descriptions contained in this manual
use the positive-logic convention. Positive logic is a system
of notation whereby the more positive of two levels is
the TRUE (or 1) state; the more negative level is the
FALSE (or 0) state. In the logic descriptions, the TRUE
state is referred to as HIl, and the FALSE state is referred
to as LO. The specific voltages which constitute a HI or
a LO state vary between individual devices. For specific
device characteristics, refer to the manufacturer’s data
book.

Linear Devices

The functioning of individual linear integrated circuit
devices is described in this section using waveforms or other
graphic techniques to illustrate their operation.
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GENERAL DESCRIPTION

OVERALL OPERATION

In the following overview of the 2336 Oscilloscope
circuitry, refer to the basic block diagram shown in Fig-
ure 3-1 and to the detailed block diagrams located in the
“Diagrams’’ section of this manual. Each major block in
the detailed block diagram represents a major circuit within
the instrument. In Figure 3-1, the numbered diamond
symbol shown inside each block refers to the appropriate
schematic diagram number.

Signals to be displayed on the crt may be applied to
either the CH 1 OR X input connector or the CH 2 OR Y
input connector. Separate input-coupling and deflection-
factor selections are provided for each input signal. These
input signals are attenuated to the selected display
amplitude by precision attenuator circuits. Included in the
attenuator circuitry is a buffer amplifier used to match
impedances between the input high-impedance attenuator
and the output low-impedance attenuator. The attenuated
input signals are then applied to the Vertical Preamplifier
cifcuit.

Each Vertical Preamplifier input stage is a hybrid circuit
that provides signal amplification, variable deflection
factor, and a sample of the input signal for use during
internal triggering. Succeeding stages of the Vertical Pre-
amplifier provide for vertical positioning of the display
and additional gain. In the final stage of the Channel 2
Vertical Preamplifier, additional circuitry is used to provide
for the selectable Channel 2 Invert feature. This circuit
allows the operator either to invert the Channel 2 signal
display as seen on the crt (when CH 2 INVERT is selected)
or to subtract the Channel 2 signal from the Channel 1
signal (when ADD VERTICAL MODE is in use).

The outputs of both Vertical Preamplifier circuits are
applied to a Diode Gate network that, under control of
the Vertical Switching Logic circuitry, selects appropriate
channel signals to be passed to the Vertical Output
Amplifier. Selected channel signals are applied to the Delay
Line via the Delay Line Driver stage. When the TRIG VIEW
push button is pressed in, channel signals do not pass
through the Diode Gate; instead, the Trig View signal
(supplied from the A Trigger Generator) is applied to the
Delay Line Driver input.

After passing through the Delay Line, the vertical signal
is applied to the Vertical Output Amplifier input stage.
Also included at this point is the Bandwidth Limit circuitry
that, when BW LIMIT is selected, reduces the upper
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frequency-response limit of the vertical deflection system.
Three stages of amplification are contained in the input
amplifier. The vertical portion of the Beam Find circuitry
acts on the third stage of amplification in the integrated
circuit. When the Beam Find function is activated (by
pressing in the BEAM FIND button), the gain of the
amplifier is reduced to limit vertical deflection to within
the graticule viewing area. This feature aids the operator
in locating off-screen or overscanned displays. The hori-
zontal and intensity portions of the Beam Find circuitry are
discussed in the Horizontal and Z-Axis circuit descriptions
respectively.

A final hybrid stage in the Vertical Output Amplifier
converts the current signal to a voltage signal that is then
applied to the crt vertical deflection plates.

The vertical mode of operation is controlled by the
Vertical Switching Logic and Chop Blanking circuit. Front-
panel VERTICAL MODE push-button switches determine
circuitry operation. Control signals from the Vertical
Switching Logic circuit select either the Channel 1 signal or
the Channel 2 signal for a single-trace display. When either
ALT or CHOP VERTICAL MODE is selected, both
channel signals are displayed; these signals are displayed
either alternately (one complete sweep per channel) or
chopped (one sweep switched between channels at a fixed
rate). If ADD VERTICAL MODE is selected, the two
channel signals are either algebraically added (when the
CH 2 INVERT feature is not activated) or algebraically
subtracted (when the CH 2 INVERT button is pressed in).

The Chop Blanking circuit produces a blanking signal
which is fed to the input of the Z-Axis Amplifier. This
signal blanks the transients that occur when switching
between channel signals during the chopped mode of opera-
tion. An external Z-Axis signal input is also provided at this
point via the EXT Z-AXIS input connector located on the
instrument rear panel. External Z-Axis signals are summed
with all other Z-Axis input signals to produce the final
gisplay mtensitz.

The A Trigger Generator circuit produces an output gate
that initiates the triggered A Sweep ramp. Input triggering
signals can be obtained from any of the following sources:
Channel 1 signal, Channel 2 signal, signal(s) displayed on
the crt (VERT MODE), the signal connected to the A EXT
TRIGGER input connector, or a signal derived from
the ac-power source waveform (LINE). The Trigger
Generator circuit contains level, slope, coupling, and source
control switches for controlling the circuit operation.
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Figure 3-1. Basic block diagram of the 2336 Oscilloscope.
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When the TRIG VIEW switch is activated, the trigger view
output signal is supplied to the Trigger View Amplifier
circuitry in the Vertical Preamplifier circuit for viewing on
the crt.

When activated by the A Trigger Generator sweep-gate
output, the A Sweep Generator starts an internal linear
A Sweep ramp. Either an A Sweep signal, a Crt Unblanking
signal, or both, will be produced as determined by the
selected HORIZ MODE switch. When either the A or
A INTEN HORIZ MODE is selected, both a Sweep signal
and an Unblanking signal will be produced. In the B HORIZ
MODE, neither an A Sweep output nor an Unblanking
signal will be produced, but the A Sweep Generator
continues operating to establish the B Sweep delay timing.

The triggered.B Sweep ramps are initiated by an output
gate from the B Trigger Generator. Input triggering signals
for the B Sweep can be obtained from the same sources
that are available for the A Sweep with the exception of
LINE. Two additional B SOURCE switch positions provide
the A TIME and RUNS AFTER DLY triggering modes.
In these two additional triggering modes, the B Sweep
Generator starts an internal B Sweep ramp only when a
Delayed Gate signal is generated by the A Sweep Generator.

In A TIME, Delayed Gates are generated from the A
Sweep Generator at different delay times on alternate
sweeps. One Delayed Gate corresponds to the delay time
set by the B DELAY TIME POSITION control; the other
corresponds to the delay time set by the A TIME POSI-
TION control. The resulting display appears as either two
intensified zones on the A Sweep (A INTEN HORIZ
MODE) or as separate B Sweeps (B HORIZ MODE) for
each Delayed G_a:c_e_signal.

In RUNS AFTER DLY, only one Delayed Gate is gen-
erated, and the delay time is established by the B DELAY
TIME POSITION control only.

Several sweep functions are controlled by the Sweep
Control IC. Among these functions are holdoff timing,
trigger mode, and sweep resetting. When AUTO Trigger
Mode is selected, absence of an adequate trigger signal for
about 100 ms after the end of holdoff causes an Auto
Gate signal to the A Sweep Generator. The Auto Gate
initiates the A Sweep ramp in lieu of the A Gate normally
produced by the Trigger Generator. When NORM Trigger
Mode is selected, the Auto Gate is not produced, and an
A Sweep is generated only if the A Trigger Generator
circuit receives an adequate triggering signal. Pushing the
SGL SWP push button sets the Sweep Control IC to allow
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only one sweep after a triggering signal is received. Fol-
lowing the single sweep, a reset is held on the Trigger
Generator to disable it until the SGL SWP push button is
pressed again.

The A Gate output from the Sweep Control IC is used to
produce an Alt Sync signal. This signal synchronizes vertical
switching when ALT VERTICAL MODE is used to display
both Channel 1 and Channel 2 signals.

The Alt Sync signal also drives the switching IC that
selects either the B DELAY TIME POSITION control
voltage or the A TIME POSITION control voltage, for
application to the A Sweep Generator Delay Time input
pin. Switching between the two levels occurs only when
the A TIME measurement mode is selected.

Sweep signals from either the A or the B Sweep
Generator are amplified by the Horizontal Amplifier circuit
to produce horizontal deflection on the crt. When the X-Y
display feature is selected (by pressing in both CH 1 and
CH 2 VERTICAL MODE push buttons), the A and the B
Sweeps are disabled, and the Channel 1 signal is supplied
to the Horizontal Amplifier for use as the X-Axis deflection
signal. The Y-Axis deflection signal is supplied from the
CH 2 OR Y input connector.

The Horizontal Amplifier contains a X10 magnifier
feature that may be selected to increase the displayed
sweep rate by a factor of 10 for any A or B SEC/DIV
switch setting. The display is magnified from the middle of
the trace toward both ends. This feature enables the
operator to align the portion of the display to be magnified
with the center vertical graticule line prior to pressing the
X10 MAG push button; then, when the X10 MAG push
button is pressed in, the centered portion remains near
the center of the graticule area.

The horizontal portion of the Beam Find circuitry acts
to reduce the Horizontal Amplifier gain, limiting the hori-
zontal deflection to within the graticule viewing area.

/ The Z-Axis Amplifier circuit sets the crt display inten-
s

ity and blanking levels. Input current(s) supplied from

intensity), the Chop Blanking circuit, and the External
Z-Axis input connector are summed in the Z:Axis. Amplifier.
» The resulting signal level determines crt display intensity.
The Beam Find circuitry overrides all the other Z-Axis
Amplifier input signals to produce a fixed intensity level
%Efat is unaffected by the INTENSITY control position.

%either the A or the B Sweep Generator (unblanking and



Included in the CRT circuitry are the High-Voltage
Oscillator, the High-Voltage Multiplier, and the High-
Voltage Regulator. The regulator controls oscillator drive
current to maintain a correct level of high-voltage output.
Alternating oscillator current flows through the primary
winding of the high-voltage transformer. Transformer
secondary windings supply drive current to the High-
Voltage Multiplier, the DC Restorer circuit, the +102-V
power supply, the crt heater, and the crt cathode and focus
power supply.

The High-Voltage Multiplier, the DC Restorer, and the
cathode and focus voltage supply circuits are contained in
a sealed high-voltage module. High voltage from the multi-
plier is supplied directly to the crt anode.

DC restoration is used to raise the dc output level of
the Z-Axis Amplifier. This allows the signal to be coupled
to the crt intensity grid. Direct coupling of the Z-Axis
signal to the intensity grid is not possible due to the
ix,e\levated voltage on both the crt cathode and grid. k

Remaining operating voltages for the 2336 are provided
by the Low-Voltage Power Supply. Power is distributed
throughout the instrument to supply required circuit
operating voltages.

Theory of Operation—2336 Service

Fan-drive voltage is produced by a three-stage switching
circuit. The Fan’s speed is determined by both the ambient
temperature and the line-voltage level (via the —5-V unreg-
ulated voltage source).

The Amplitude Calibrator circuit provides a square-wave
output signal with accurate voltage amplitude. This signal is
useful both for checking the instrument vertical calibration
and compensating voltage probes.

The Delay Time Position and Prescaling circuit performs
the task of switching between the outputs of the B DELAY
TIME POSITION control and the A TIME POSITION
contro!l when A TIME measurements are made. In addition,
the circuit prescales the voltage difference between the
output of the two controls to match the time setting of
the A SEC/DIV switch.

The Delta Time Logic circuitry is contained in the
instrument’s lid along with the B Trigger SOURCE and
SLOPE switching and the B External Trigger Amplifier,

The Delta Time Logic circuit has an A/D Converter
IC that converts the equivalent-time voltage difference
from the B DELAY TIME POSITION and A TIME
POSITION controls into time difference output data. The
digital output of the A/D Converter drives the segments of
a 3 1/2-digit liquid-crystal display (LCD). Scale factors and
decimal points for the display are controlled by the
position of the A SEC/DIV switch.
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DETAILED CIRCUIT DESCRIPTION

CHANNEL 1 AND CHANNEL 2
ATTENUATORS

The Vertical Attenuator circuitry is shown on schematic
diagram 1. Since the Channel 1 and Channel 2 circuits are
nearly identical, only the Channel 1 Attenuator is dis-
cussed. A simplified block diagram of the Channel 1
Attenuator circuitry is shown in Figure 3-2.

Input Coupling

Signals applied to the input connector can be ac
coupled, dc coupled, or internally disconnected from the
attenuator input. When input coupling switch S2 is set to
DC, the input signal is coupled directly to the attenuator
input via R3. When it is set to AC, the input signal passes
through input coupling capacitor C15. The coupling
capacitor prevents the dc component of the input signal
from passing to the attenuator input. With switch S2 in
the GND position, the direct signal path is opened and the
input of the attenuator is grounded. The input signal from
C15 is connected to ground via R2. Resistor R2 has a high
resistance value and is used to allow precharging of input
coupling capacitor C15 when the input coupling switch is
set to GND, With C15 precharged, the trace will remain

within the graticule area of the crt whenever the input
coupling switch is moved from GND to AC. The GND
position of S2 provides a ground reference without the
need to disconnect the applied signal from the input
connector.

Input Attenuator

The effective overall deflection factor of each vertical
channel is determined by the setting of the associated
Channel VOLTS/DIV switch. The basic deflection factor
{(with no attenuation) of the vertical deflection system is
5 mV per division of crt deflection.

For VOLTS/DIV switch settings above b mV, frequency-
compensated voltage-divider sections {precision attenuators)
are switched into the signal path to produce the vertical
deflection factors indicated on the instrument front panel.
Each channel has a 2X, a 4X, and three 10X attenuators
which may be selected in various combinations. The
selected combination provides constant attenuation for all
frequencies within the bandwidth range of the instrument.
The vertical attenuators maintain the same input char-
acteristics (1 MQ and approximately 20 pF) for each
setting of the VOLTS/DIV switch.

St
-| Ac-oND-DC |----+
: T i
RZ 1 ' R2 o
O—— NN\
—\\\—0O ‘ -0 O—R ‘.
1
1
1
! e VOLTS/DIV f--------
I | ;
1 1 1
i I 1
CH1 ! . .
OR X R1 e HIGH-Z INPUT LOW-Z
ATTENUATOR 1T
o—o—{(—/\/w—l—<>—o O—> .| Jig [™]BUFFER A +E1NEJ+A2TOR _’SICCHN1AL
C15 C1 100 AMPL 4,210 10
VERTICAL
PREAMPLIFIER
Q4A ,Q4B
Q19A,Q10B
4116-63
Figure 3-2. Channel 1 Vertical Attenuator, simplified block diagram.
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Each channel attenuator circuit is composed of an input
high-impedance attenuator (two divide-by-ten sections),
an input buffer amplifier, and a low-impedance output
attenuator (divide-by-two, -four, or -ten). The attenuator
precision components are located on hybrid ceramic chips.

The high-impedance input attenuator produces mini-
mum circuit loading for the signal applied to the vertical
input connector. Each channel’s input attenuator divide-
by-ten sections may be cascaded to produce an attenuation
factor of 100. For VOLTS/DIV switch settings of 5 mV up
to 50 mV, the input attenuator is a straight-through signal
path’ with no attenuation of the signal. For 100-mV to
500-mV settings, the signal is attenuated by ten; and for the
1-V, 2-V, and 5-V settings, the signal is attenuated by 100.

Buffer Amplifier

The Channel 1 output signal from the input attenuator
is connected through C900 and R900 to Source Follower
Q4A. Resistor R900 provides the input resistance, and
resistor R13 (in the attenuator hybrid) acts as a damping
resistor. Transistors Q4B and Q10A provide a constant-
current source for Q4A.

In the event that excessively high amplitude signals
are applied to Source Follower Q4A, succeeding circuitry
is protected by CR1, CR2, CR3, and the gate-source
junction of Q4A (along with CR8) which limit the signal
amplitude to a safe level. If excessive negative signal
amplitude causes CR1 and CR2 to become forward biased,
the Q4A gate will be clamped to about —2 V. Excessive
positive-signal amplitude will forward bias the gate-source
junction of Q4A. As soon as gate current flows in Q4A,
the gate voltage will cease increasing. Gate current is limited
to a safe value by the high resistance of R900.

Source Follower Q4A drives Emitter Follower Q10B.
Attenuator Balance potentiometer R10 (in the Q10A
emitter circuit) is used to adjust the emitter-follower
output voltage to zero volts with no signal applied.

The low-impedance emitter-follower output drives a
75-Q hybrid output attenuator.

Output Attenuator

The low-impedance output attenuator is switchable to
produce attenuation factors of 1, 2, 4, or 10. Since a
portion of R20 (the attenuator voltage divider) remains in
the signal path for all attenuation factors, capacitors C15
and C20 compensate the divider network to maintain a
75-2 output impedance for all VOLTS/DIV switch settings.
The signal from the Output Attenuator is fed to the
Vertical Preamplifier via a 75-£2 transmission line.

"Theory of Operation—2336 Service

VERTICAL PREAMPLIFIERS, DIODE
GATES, AND DELAY LINE DRIVER

Channel 1 and Channel 2 Vertical Preamplifiers are
shown on schematic diagram 2. They are identical with the
exception of the added inverting feature in the Channel 2
circuitry. Complete Channel 1 circuit operation is described,
along with the Channel 2 differences. A simplified block
diagram of the Vertical Preamplifier circuitry is shown in
Figure 3-3.

Input Preamplifier

Channel 1 Input Preamplifier U30 is a hybrid amplifier
circuit that produces a differential output signal from the
single-ended input signal. The Channel 1 gain is adjustable
via R47 to establish the calibrated deflection factors.

A single-ended trigger output signal, available at U30
pin 16, supplies the Channel 1 internal trigger signal to the
Trigger Generator. Positive-going vertical signals produce
positive-going output trigger signals, amplified by a voltage
gain of six.

The circuit composed of U41B and Q36 eliminates
common-mode signals from the differential output signal.
Any common-mode signal present appears at the junction
of R42 and R43 (connected between U30 pins 13 and 11)
and is applied to pin 5 of U41B. Common-mode signals
vary the base voltage on Current Source transistor Q36.
Transistor Q36 inverts the common-mode signal and
produces negative feedback that cancels the common-mode
output signal from U30.

Compensating networks, connected between U30 pins 4
and 6, provide both high- and low-frequency compensation
for square-wave input signals. Variable Balance control
R22 is adjustable to reduce trace shift when the VAR
VOLTS/DIV control is rotated through its range.

The Variable-gain circuit is composed of VAR GAIN
control R902 and FET Q49. This circuit increases the
B5-mV-per-division gain of U30 to obtain a defiection factor
of 2 mV per division or less at the fully clockwise rotation
of R902. The VAR GAIN control provides continuously
variable deflection factors between each calibrated deflec-
tion factor setting of the VOLTS/DIV switch.

Gain compensation for U30 over varying ambient tem-
perature is provided by thermistor RT46 and R46.
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Channel 1 Positioning

Hybrid circuit U5 provides balanced current sources
for producing at least £12 divisions of vertical positioning
for the displayed signal. POSITION control R903 varies
the amount of dc-offset current added to the vertical signal
current at Ubb pins 2 and 6. The sum of the dc-offset
current and the vertical-signal current establishes the
vertical position of the crt display. Diodes CR53 and CRb54,
connected between US55 pins 2 and 6, limit the range of
the Channel 1 positioning circuit to prevent it from
affecting the horizontal-display position when the X-Y
feature is in use. Corresponding diodes are not included
in the Channel 2 circuitry.

Channel 1 Common-Base Output Stage

A common-base output stage composed of Q55 and Q57
provides current-summing nodes for the vertical positioning
and Channel 1 signal currents. When the TRIG VIEW

feature is used, the output of the common-base stage is
blocked by a diode gate to prevent the vertical input signal
from reaching the Delay Line Driver. -

Channel 2 Invert Qperation

The Channel 2 common-base output stage is composed
of two transistor pairs. In the noninverting mode, tran-
sistors Q132 and Q134 are biased on to carry the signal
current. When the INVERT push-button switch is pressed
in, Q132 and Q134 become biased off; and Q133 and Q135
are biased on. The collectors of Q133 and Q135 are cross-
connected to the stage output points; consequently, the
Channel 2 signal current becomes inverted.

Diode Gates

Channel 1 Diode Gate is composed of CR55, CR56,
CR57, and CRb58. The Diode Gate acts as a switch that is

VAR POSITION

1 1
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| |l SIGNAL
CH 1 v X TO DELAY
SIGNAL SLNN ! pcr LINE
FROM —po| PREAMP=] | ; CH 1
LIFIER | ' |POSITION CR55
CH 1 ROD2 .
ATTENUATOR 15T UsS CRS6
STAGE RO23 CRS7
Q49 CR58 1
uze _dy
> Q149
CH 2 CH 2 + CR132 Q153
—— ®{CRri134 Q163
VERTICAL
STGNAL |CH 1 - CR138 Q170
CH 1 TRIGGER Frov & P|CR139 Q175
SIGNAL TO cH 2 U168
TRIGGER
CENERATOR PREAMPLIFIER
FROM  [CH 1 SELECT k L VERT MODE
VERTICAL
SWITCHING | CH 2 SELECT
LOGIC Q141
Q142
TRIG VIEW
FROM
TRIGGER
GENERATOR | 1p16 VIEW

FROM VERT MODE
VERTICAL <{TRIG VIEW ENABLE TR;ﬁ?ER
SWITCHING | VERT MODE TRIGGER ENABLE
LOGIC > TRIGGER
GENERATOR
4116-64

Figure 3-3. Vertical Preamplifier, Diode Gate, and Delay Line Driver, simplified block diagram.
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controlled by the Vertical Switching Logic circuit. Channel
2 Diode Gate is identical in operation.

CHANNEL 1 DISPLAY ONLY. To display only the
Channel 1 signal, the CH 1 Select signal is Hl and the CH 2
Select signal is LO. With CH 1 Select HI, diodes CR56 and
CRb8 are reverse biased (see Figure 3-4). Series diodes
CRb5 and CR57 are forward biased, and the Channel 1
vertical signal is allowed to pass to the Delay Line Driver.
In the Channel 2 Diode Gate {with the CH 2 Select signal
LO) CR138 and CR139 are forward biased, and the
Channel 2 vertical-signal current is shunted away from
series diodes CR132 and CR134. The series diodes are
reverse biased, and the Channel 2 signal current is prevented
from reaching the Delay Line Driver.

CHANNEL 2 DISPLAY ONLY. When CH 2 VERTICAL
MODE is selected, the CH 1 Select signal goes LO and the
CH 2 Select signal goes HI. The Channel 1 signal is blocked
by the Diode Gate, and the Channel 2 signal reaches the
Delay Line Driver.

Theory of Operation—2336 Service

ADD DISPLAY. Both Diode Gates are biased on to pass
the Channel 1 and Channel 2 vertical signals. Both channel-
signal currents are summed at the input to the Delay Line
Driver to produce the ADD display signal.

ALTERNATE AND CHOPPED DISPLAY. The Diode
Gates are switched on and off by the channel seiect signals
from the Vertical Switching Logic circuit. When ALT VERTI-
CAL MODE is selected, the Diode Gates are switched at the
end of each sweep. When CHOP VERTICL MODE is select-
ed, the Diode Gates are switched at a rate of about 275
kHz. See the “Vertical Switching Logic” discussion for a de-
scription of how the channel selection signals are obtained.

TRIG VIEW DISPLAY. While the TRIG VIEW push
button is pressed in, both Diode Gates are biased off, and
the Trigger View Amplifier (shown in Figure 3-3) is enabled
to pass the A Trigger View signal to the Delay Line Driver.

X-Y DISPLAY. Pressing in both the CH 1 and CH 2
VERTICAL MODE push buttons activates the instrument’s

7
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Figure 3-4. Diode Gate biasing for Channel 1 display.
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X-Y display feature. The Channel 1 Diode Gate is held
off, and the Channel 2 Diode Gate is biased on. The
Channel 2 signal is passed to the Delay Line Driver and
ultimately to the crt to provide the Y-Axis display
deflection. The X-Axis deflection signal is supplied to the
Horizontal Preamplifier from the Channel 1 trigger-signal
output of the Channel 1 Vertical Preamplifier (U30j.

Delay Line Driver

The Delay Line Driver is arranged as a cascaded,
common-emitter, feedback amplifier. Differential input-
signal current is converted to differential voltage at the
input to the Delay Line. Feedback elements are R154
(between Q163 emitter and Q153 base in the negative-
signal path) and R173 (between Q175 emitter and Q170
base in the positive-signal path).

A circuit composed of U160 and Q149 supplies negative
- feedback from the common-mode point at the junction
of R168 and R176 (in the Delay Line Driver output) to
the common-mode point at the junction of R148 and R169
(in the Delay Line Driver input). The negative feedback
eliminates common-mode signals from the Delay Line, and
it balances both sides of the amplifier when ADD
VERTICAL MODE is selected. The resulting output signal
level to the Delay Line is then centered at zero volts.

Components R162 and C162, connected between the
base of Q163 and the base of Q175, supply high-frequency
damping of the Delay Line Driver frequency response.

Vert Mode Trigger Pickoff Amplifier

The trigger signal for the VERT MODE position of
the SOURCE switch is obtained from emitter-follower
Q182. The Vert Mode Trigger Enable signal (—5 V dc) is
applied to the emitter of Q182. This signal is the emitter-
current source for the transistor, and it is supplied from the
Vertical Switching Logic circuit (diagram 4). The enabling
voltage is removed when the TRIG VIEW push button is
pressed in. This action opens the feedback loop that would
otherwise occur between the Vert Mode Trigger output and
the Trig View input. Diode CR180 provides thermal
compensation of the Q182 base-to-emitter junction voltage.

Delay Line

Delay Line DL900 provides about 90 ns of delay in the
vertical signal. When using internal triggering (VERT MODE,
CH 1, or CH 2) the delay time allows the Sweep Generator
circuits sufficient time to initiate a sweep before the
vertical signal reaches the crt deflection plates. This feature
permits the leading edge of the internal signal that orig-
inates the trigger pulse to be displayed.

3-10

VERTICAL OUTPUT AMPLIFIER

The Vertical Output Amplifier circuit, shown on
schematic diagram 3, provides the final amplification of
the vertical deflection signal. This circuit includes the
bandwidth limiting components, part of the Beam Find
circuitry, an input IC amplifier, and a hybrid-circuit crt
driver.

Bandwidth Limiting

The upper-frequency response limit of the Vertical Out-
put Amplifier may be reduced to eliminate high-frequency
interference from a lower-frequency signal display. Pressing
in the front-panel BW LIMIT switch forward biases a diode
bridge composed of CR8, CR9, CR24, and CR25. This ac-
tion also connects capacitors C8 and C25 to a low imped-
ance ground through the diode bridge.

Proper termination for the Delay Line is provided by
R8 and T9 (in the negative-signal side) and by R25 and T24
(in the positive-signal side). The signal is tapped off T9 and
T24 at the correct impedance point to match the input
impedance of Input Amplifier U43. Resistors R9 and R24
damp the signal slightly to eliminate high-frequency
oscillation.

Input Amplifier

Input Amplifier U43 is a three-stage IC amplifier.
Frequency compensation for the Delay Line and first
amplifier stage is provided by compensating networks
connected between U43 pins 12 and 9. Also connected
between these pins is Gain adjustment R44 and Vertical
Balance adjustment R18. The Vertical Balance adjustment
centers the vertical POSITION control range to obtain
equal positive and negative positioning limits.

Compensating components connected between U43 pins
17 and 18 and between U43 pins 3 and 4 provide for
thermal compensation of the amplifier. Common-mode
signals are balanced by amplifier U58 controlling the third
amplifier stage bias current.

The vertical portion of the Beam Find circuit acts on the
third amplifier stage. When BEAM FIND switch S900 is
pressed in, the amplifier gain is reduced by limiting the
current available to the third stage.

Vertical Output Amplifier

Vertical Output Amplifier U54 is a current-driven,
common-base, hybrid-circuit amplifier. The signal current
from U43 pins 2 and 19 is converted to a crt deflection
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voltage (nominally 3 V per division of deflection). Approx-
imately 2.5 watts of power is dissipated by this IC, and it
must be properly heat sinked when operating.

The parallel coil and resistor components (L913 and
L915) at the output pins of Ub4 compensate the crt
deflection-plate capacitance.

VERTICAL SWITCHING LOGIC
AND CHOP BLANKING

The Vertical Switching Logic portion of this circuit,
shown on schematic diagram 4, controls the channel
switching to obtain the appropriate display for each
selected VERTICAL MODE switch. During chopped
operation, the Chop Blanking portion of the circuit supplies
a blanking signal to the Z-Axis Amplifier. When switching
between channels, this blanking signal turns off the Z-Axis
Amplifier to prevent transients from appearing in the
display.

Theory of Operation—2336 Service

Vertical Mode Selection

The front-panel VERTICAL MODE switches provide the
logic levels that control the channel-enabling-signal
selection. Dual Multiplexer U215 switches the channel
Diode Gates -on and off by selecting either the Alt Sync
signal or the outputs from flip-flop U211A. The Q and Q
output levels from U211A are used for selecting CHOP,
ADD, CH 1, or CH 2 VERTICAL MODE.

CHANNEL 1 DISPLAY. When only the CH 1 push
button is pressed in, the remaining VERTICAL MODE
switches are released. The Reset input of U211A (pin 1)
goes LO, and the Set input (pin 4) is pulled HI through
p_ull-up resistor R203. Flip-flop U211A resets, and the
Q output (pin 6) goes HI while the Q output {pin 5) goes
LO. The HI is placed on pin 12 of Multiplexer U215, and
the LO is placed on pin 4.

The A and B select inputs of U215 determine the input
pins -that are switched to the output pins (see Figure 3-5).
Input A is a permanent LO, and the B input is controlled
by the ALT and CHOP VERTICAL MODE switches. When
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> |8 -7 SWITCHING LOGIC
ALT/CHOP — <+ |
6 |ice SELECT | CHANNEL SELECT
ALT SYNC‘——:;—'1C1 ! CH 2 FUNCTION| SIGNAL ouT
3> 1l iy| 7 SELECT [G[B[A 1Y 2Y
| N —
u211a g —+ L2y | TBIBBEz @| 8|0 |ALT SYNC|ALT SYNC
3.3 Jic3 | | CATE |10 ]u2t1a qlu211A @
o 55
. CHLG %0 2
| : 1] x| X LO LO
11 |2ct |
N LA P28 oY SELECT
~ 12 |2c2 ~o2- 9 10 CH
U211A G <=0 | DIODE
13 |2C3 | GATE
MULTIPLEXER 1 _ l
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Figure 3-5. Simplified illustration of Multiplexer U215 switching operation.
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CH 1 VERTICAL MODE is selected, the U215 B input
(pin 2) will be held HI through pull-up resistor R215.
With the A input LO and the B input HI, the 1C2 input
(from the Q output of U211A) will be connected to the 1Y
output (CH 2 Select), and the 2C2 input (from the Q
output of U211A) will be connected to the 2Y output
(CH 1 Select).

The output state of flip-flop U211A is also determined
by the input logic levels set up by the VERTICAL MODE
switches. For a Channel 1 display, the Reset input of
U211A (pin 1) will be held LO by a ground connected
through the CH 1 and CH 2 VERTICAL MODE switches.
The_doutput will be reset HI, and the Q output will be LO.
The HI from U211A pin 6 is applied to U215 pin 12 (2C2
input) and is connected through U215 to pin 9 (2Y out-
put). A Hl on pin 9 turns on the Channel 1 Diode Gate to
allow the Channel 1 signal to pass to the Delay Line Driver.
The LO on U211A pin 5 is applied to U215 pin 4 {1C2
input) and is connected through U215 to pin 7 (1Y out-
put). A LO on pin 7 turns off the Channel 2 Diode Gate.

CHANNEL 2 DISPLAY. When CH 2 VERTICAL MODE
switch is pressed in, the condition of Multiplexer U215
remains unchanged from the Channel 1 selection previously
discussed. The change occurs in the state of flip-flop
U211A. With CH 2 push button pressed in, the Set input of
U211A is grounded for a LO, and the Reset input is pulled
HI through pull-up resistor R202. The U211A Q output
becomes HI, and the Q output becomes LO. The states of
the CH 1 Select and CH 2 Select lines are therefore reversed
from the Channel 1 display states, and Channel 2 Diode
Gate is biased on while the Channel 1 Diode Gate is biased
off.

ADD DISPLAY. Again, the condition of Multiplexer
U215 does not change from the Channel 1 display state
for an ADD display. The Set and Reset inputs of flip-flop
U211A are both switched LO by pressing in the ADD
VERTICAL MODE switch, and both the Q and Q outputs
of U211A become HI. The CH 1 and CH 2 Select signals
from U215 are thus both HI, and both channel Diode
Gates are switched on.

CHOP DISPLAY. To obtain the required channel
switching and chop blanking for the Chop display, the
Chop Clock Oscillator must be enabled. In the circuit com-
posed of U196A, U196B, and Q209, an oscillator circuit
(operating at a nominal frequency of 500 kHz) is formed
by NAND gate U196A and the associated RC network
connected between pins 2 and 3.

For VERTICAL MODE switch selections other than
CHOP, U196A pin 1 is grounded to make it LO. The
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U196A output at pin 3 is then HI, and C197 charges
through CR201 and R201 to make U196A pin 2 HI. At the
moment the CHOP VERTICAL MODE switch is pressed
in, U196A pin 1 becomes HI, and U196A pin 3 is then
switched LO. Capacitor C197 begins discharging through
parallel resistor R197 toward the LO threshold of U196A.
When the LO input threshold is reached, UT96A pin 3 is
switched HI to start charging C197 back to the HI thresh-
old. The selected time constants of the charge and discharge
paths, along with the threshold switching levels of UT96A,
produce an asymmetrical Chop Clock pulse that is Hl 20%
of the time and LO 80% of the time at UT96A pin 3.

The Chop Clock signal is applied to U211A pin 3 (Clock
input) to switch the flip-flop at the chop rate. Every
positive-going transistion clocks the level at U21_1A pin 2
onto the Q output (pin 5). With the U211A Q output
connected to pin 2, each Chop Clock pulse causes the
U211A outputs to toggle (change state). Each change of
the output state of U211A is connected through Multi-
plexer U215 to produce the Channel Select signals that
drive the Channel Diode Gates. Thus, the Diode Gates are
switched on and off at the chop rate to present a dual-
channel display.

The Chop Clock signal is also applied to NAND gate
U196B pin 4 to drive Chop Blanking Amplifier Q209.
Chop blanking is used to prevent display of the switching
transients that occur with chopping. During chop operation,
U196B pin 5 is held HI by pull-up resistor R196. Positive
transitions of the Chop Clock signal (corresponding to the
channel switching time) switch U196B pin 6 to a LO
state. This LO is applied to the base of Q209, turning it
on. Chop Blanking Amplifier Q209 supplies blanking
current to the Z-Axis Amplifier (diagram 9) until the Chop
Clock signal goes LO again. At that time, U196B pin 6
will switch HI, biasing off Q209. The Z-Axis Amplifier then
is able to respond to the remaining Z-Axis signals setting
the display intensity. Diode CR209 clips any negative
portion of the blanking waveform.

ALT DISPLAY. During the time that ALT VERTICAL
MODE is selected, the Chop Clock Oscillator is disabled
by a fixed LO on pin 1 of NAND gate U196A. Multiplexer
U215 is switched by a LO on pin 2 (the B Select input)
to select the 1C0O and 2CO inputs (Alt Sync and Alt Sync)
to be connected to the 1Y and 2Y outputs. The Alt Sync
signal is supplied from Q108 in the Sweep circuit (diagram
6) and is inverted by U196C to produce the Alt Sync signal
at U215 pin 6. At the end of each sweep, the Alt Sync
signal changes state. The change of state (applied through
U215 to the CH 1 and CH 2 Select lines) switches the
Channel 1 and Channel 2 Diode Gates to alternately allow
first one and then the other channel signal to reach the
Delay Line Driver.



AUTO ALT/CHOP SELECT. By pressing in both the
ALT and CHOP VERTICAL MODE push buttons simul-
taneously, an automatic Alt/Chop selection circuit is
enabled. When in use, the Auto Alt/Chop feature will
automatically switch a dual-channel display mode to either
ALT or CHOP for the best display presentation. The circuit
is composed of Q194 (diagram 4) and a diode-switching
network {diagram 6). The diode switches are under control
of the A SEC/DIV switch. The A SEC/DIV switch settings
from 0.5 s to 0.5 ms will select CHOP (no diode switches
on). The remaining switch positions (0.2 ms to 0.05 us)
turn on one of the diode switches to produce an Auto Sel
signal.

In the ALT selection range, the Auto Sel signal is applied
through R195 and the CHOP and ALT VERTICAL MODE
switches to bias on Q194. At the collector of Q194, a LO
is produced and applied to U215 pin 2 (B Select input) to
switch the Multiplexer to the Alt Sync inputs. This LO is
also applied to U196A pin 1 to disable the Chop Clock
Oscillator.

When the A SEC/DIV switch is set to any position in the
CHOP select range, the Auto Sel signal is removed. Tran-
sistor Q194 is biased off, and pull-up resistor R215 places
a Hl on both U215 pin 2 and U196A pin 1. Multiplexer
U215 switches to the Q and Q outputs of U211A, and the
Chop Clock QOscillator is enabled for CHOP operation.

TRIG VIEW DISPLAY. Pressing in the front-panel
TRIG VIEW push button performs three functions:

1. The —5-V Vert Mode Trig Enable signal is removed
from Vert Mode Trigger transistor Q182 (diagram 2).
This action disables the pickoff circuit.

2. The ground is removed from the base leads of Trigger
View Amplifier transistors Q141 and Q147 (diagram
2). Transistor Q142 is biased on, and diodes CR140
and CR146 are reverse biased. This action allows the
A Trig View signal to pass to the Delay Line Driver.

3. A LO is placed on the Set input of U211B, causing
pin 9 (Q output) to go HI. This action disables both
outputs of Multiplexer U215, and both channel-
select signals become LO (see Figure 3-5). The
Channel 1 and Channel 2 Diode Gates are biased off
by the LO signals to prevent either channel signal
from passing to the Delay Line Driver.

X-Y DISPLAY. To obtain an X-Y display, both CH 1
and CH 2 VERTICAL MODE push buttons are pressed in
simultaneously. A LO is placed on the Set input of U211A
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by the CH 2 VERTICAL MODE switch, and the Channel
2 Diode Gate is biased on. The Channel 2 signal is then
applied to the Vertical Output Amplifier to provide Y-Axis
(vertical) crt deflection. The X-Axis deflection signal is
supplied by the Channel 1 input signal via the CH 1 Trigger
signal output of Channel 1 Vertical Preamplifier U30.

A separate section of VERTICAL MODE switch S194
(see diagram 8) applies an X-Y Enable signal to both the
Horizontal Preamplifier (U128 pin 12) and the A Sweep
Generator (U43 pin 14, diagram 6). The Horizontal Pre-
amplifier is switched to amplify the X (Channel 1) signal
for the X-Axis crt deflection, and the A Sweep Generator
is prevented from producing an output sweep signal.

TRIGGER

The Trigger circuitry, shown on schematic diagram 5,
is composed of the A trigger-source and A trigger-coupling
switching stages, the A External Trigger Amplifier, and the
A and B Trigger Generator integrated circuits. Figure 3-6 is
a detailed block diagram of the A Trigger circuitry.

A Trigger Source

The A Trigger Generator circuit produces a sweep Gate
signal that is used to initiate the A Sweep from a choice of
five sources of the input trigger signal. A Trigger SOURCE
switches S22A and S22B select trigger signals from the
following sources:

VERT MODE: Signals displayed on the crt. Obtained
from Vert Mode Trigger Pickoff Q182 following the
Delay Line Driver {(diagram 2).

CH 1: Channel 1 vertical signals. Obtained from Chan-
nel 1 Vertical Preamplifier U30 (diagram 2).

CH 2: Channel 2 vertical signals. Obtained from Chan-
nel 2 Vertical Preamplifier U100 (diagram 2).

LINE: Ac-power-source waveform. Obtained from the
b-V secondary winding of Power Transformer T900
(diagram 10).

EXT: External trigger signals. Obtained from the signal
applied to the A EXT input connector.

EXT+10: External trigger signals attenuated by a factor
of ten.

The EXT and EXT=10 trigger signals are buffered by an
amplifier circuit composed of Q15, Q16, and Q21. Source-
follower Q15 drives emitter-follower Q21 to buffer the
trigger signal and to isolate the Trigger Generator IC from
the A EXT input connector.
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Field-effect transistor Q16 acts as a constant-current
source for Q15 and also provides thermal compensation
for the input amplifier. The gate of Q15 is protected from
accidental application of large-amplitude triggering signals
by clamp diodes CR10 and CR14.

A portion of the A COUPLING switch (S67A) selects
either AC or DC coupling to apply the external triggering
signal to the A External Trigger Amplifier. When set to DC
coupling, all components of the input signal are passed in

AC coupling, series capacitor C9 is placed in the trigger
signal path to block the dc component of the input signal.

A Trigger Switching

Input triggering signals to be applied to A Trigger Gener-
ator U81 are selected by the A Trigger SOURCE switch.
The frequency range of the applied signals is determined
by the A Trigger COUPLING switch. Signals are applied
to the Trigger Generator via two different signal paths:
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the fast path (high-frequency) connects directly to the
trigger input pins of U81; the slow path {low-frequency)
connects to U81 pin 19 via the A Trigger SOURCE switch,

SLOW-PATH SWITCHING. Figure 3-7 illustrates the
trigger signal siow path. As shown, the A Trigger SOURCE
switch is selecting the CH 1 slow-path signal, and the
A Trigger COUPLING switch is set for AC coupling. The
slow-path signal is fed through C67 when either AC or
HF REJ coupling is selected. The DC coupling path is
directly connected, and no signal path is established when
LF REJ coupling is selected.

It is at this point that dc voltage from the A Trigger
LEVEL control (R913) is added to the slow-path trigger
signal. The resulting sum is then applied to U81 pin 19,
the internal operational amplifier inverting input.

The inverted trigger signal (with the added LEVEL
control dc voltage) at U81 pin 20 is applied from the Op
Amp output to U81 pin 9, the Level input. This signal is
applied to an internal trigger-level comparator (contained
in U81) for use in determining the signal level at which the
Gate output signal will be produced.

FAST-PATH SWITCHING. Figure 3-8 illustrates the
trigger signal fast path (high-frequency). The dc and low-
frequency components of the trigger signal are blocked
by capacitors (C35, C48, C56, and C63) in series with each
signal path. High-frequency components are passed and
applied to the U81 trigger inputs (pins 5, 1, 7, and 3).

Theory of Operation—2336 Service

One of the possible trigger signals is selected as an input
signal by a portion of the A Trigger SOURCE switch. This
switch controls the Trigger Generator input pins using
enabling voltages rather than by directly switching trigger
signals. Each signal is applied to a separate internal emitter
follower in U81. When 0 V is applied to the input pin (by
grounding out the pull-down voltage) the emitter follower
associated with that pin will conduct, thus passing the
trigger signal applied to that pin. The U81 internal emitter
followers are disabled to prevent the signal from passing by
applying a negative voltage (about —2 V) through a pull-
down resistor.

Trigger input pin 4 is not used to apply a trigger signal,
but it is biased on whenever none of the other fast-path
inputs are selected. This switching is required because one
of the U81 internal emitter followers must be conducting
to enable proper operation of the internal trigger-fevel
comparator. Switching of the pin 4 voltage is accomplished
by a portion of the A Trigger COUPLING switch.

In Figure 3-8, note that when HF REJ coupling is
selected, pin 4 of U81 is enabled by grounding the pull-
down voltage. The remaining contacts (AC, LF REJ, and
DC) are open, so none of the other fast-path inputs are
enabled. The trigger signal used for HF REJ coupling is
obtained from the signal selected by the slow-path A Trig-
ger SOURCE switching.

When the COUPLING switch is set to any other position
than HF REJ, pin 4 is disabled by the pull-down voltage
applied from Rb6G. The trigger signal input selected
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Figure 3-7. Trigger signal slow path (low frequency).
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by the A Trigger SOURCE switch is enabied by grounding
out the pull-down voltage on the selected trigger input
pin via the A Trigger COUPLING switch.

When LINE SOURCE is selected, a slightly different
switching path is set up, and pin 4 of U81 will be enabled
regardless of the A Trigger COUPLING switch setting. For
the AC, LF REJ, and DC positions, pin 4 is enabled by the
ground applied to R66G through the LINE contacts of the
A Trigger SOURCE switch. In the HF REJ position, a
ground is applied to R56G through the HF REJ contacts
of the A Trigger COUPLING switch.

The LINE trigger signal is a low-frequency signal and
is applied through slow-path switching to U81 pin 19. All
of the fast-path inputs are disabled when LINE SOURCE
is selected.

A Trigger Generator

The A Trigger Generator consists of integrated circuit
U81 and associated components. Contained within U81 is
the nécessary circuitry to generate the Gate output signal
(at U81 pin 14) that is used to start the A Sweep Generator
(diagram 6).
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External control voltages applied to U81 set the trigger
level, trigger slope, slope centering, and trigger threshold
level.

The A Sweep Gate is generated when the input trigger
signal reaches the amplitude determined by the setting of
LEVEL control R913. The Gate signal at pin 14 remains
HI for the duration of one cycle of the A Sweep. When the
A Sweep ends, the A Reset signal at pin 9 of Sweep Control
IC U87 (diagram 6) is applied to U81 pin 17 to reset the
Trigger Generator IC internal circuitry. The A Reset signal
remains on pin 17 until the end of sweep holdoff time
{determined by the Sweep Control IC). When the holdoff
time has passed, the A Reset signal is removed, and Trigger
Generator U81 is enabled to respond to the next triggering
signal.

The slope of the input signal that triggers the A Sweep
Generator is determined by the setting of SLOPE switch
S$219. When the SLOPE switch is set to the + (plus)
position, the Gate signal output (U81 pin 14) will switch
HI only on a positive slope of the input triggering signal.
When the SLOPE switch is set to the — (minus) position,
the output Gate signal will switch Hl only on a negative
slope of the input triggering signal.

The A Slope Offset adjustment, R82, balances the U81
internal trigger amplifier so that a Gate signal output occurs
at the same level on both the negative and positive slopes
of the triggering signal. The A Hyst adjustment, R106,
adjusts the built-in hysteresis in the U81 internal threshold
comparator to prevent triggering on low-level noise at the
Trigger Generator inputs.

Transistors Q89 and Q95 are arranged in a differential
amplifier circuit. The Gate signal is inverted, and the dc
level is shifted to the correct level for application to the
Sweep Control and A Sweep Generator IC (diagram 6).
Peak-to-peak amplitude of the A Gate output signal is
clamped to about 1.4 V (—0.7 to +0.7 V) by diodes CR90
and CR91 in the Q89 collector circuit.

Transistor Q104 converts the incoming A Reset current
signal (from the Sweep Control IC) back into a voltage
signal of the correct level for application to the Reset
input (pin 17) of Trigger Generator U81.

A differential Trig View signal is available at U81 pins 10
and 11. The Trig View signal is applied to the Trigger View
Amplifier (diagram 2). When the front-panel TRIG VIEW
switch is pressed in, the Trigger View Amplifier is enabled
to pass the Trig View signal on to the Delay Line Driver for
display on the crt.

Theory of Operation—2336 Service

B Trigger Source Switching

In addition to the A Trigger sources (VERT MODE,
CH 1, CH 2, and EXT), the B SOURCE switch has a
A TIME and a RUNS AFTER DLY position. The A TIME
position provides for delta time measurements. The RUNS
AFTER DLY position enables the B Sweep to commence
immediately after the delay time established by the B
DELAY TIME POSITION control.

The B SOURCE switching circuitry is included in the
components located in the lid of the instrument. A sim-
plified schematic of the B SOURCE switching and the
External B Trigger Amplifier is shown in Figure 3-9.

For each of the triggered sweep selections (VERT
MODE, CH 1, CH 2, and EXT), a portion of the B
SOURCE switch (S2, diagram 11) controls the source
selection voltages to the B Trigger Generator (U122,
diagram 5). Switching transistors on the Source Select lines
(U365A, B, C, and D) are forward biased whenever the B
SOURCE associated with that select line is not selected.
The transistors conduct and apply the —5-V emitter voltage
to the Trigger Input pins of the B Trigger Generator (U122,
diagram b5). The negative voltage keeps the B Trigger
Generator |C emitter followers reverse biased to keep the
Trigger Input pins inactive.

When the B SOURCE switch is set to VERT MODE,
CH 1, CH 2, or EXT, —10 V is applied to the base of the
associated switching transistor. The negative voltage will
reverse bias the selected transistor to shut it off. The
Trigger Select line of the off transistor goes to 0 V, and the
associated Trigger Input pin of U122 becomes active.

A TIME/RUNS AFTER DLY/SLOPE. A second set of
contacts on the B SOURCE switch controls the A Time/
Runs After Dly/Slope signal line. The voltage levels applied
to this signal line control the Delay Time Position switch-
ing, the B Reset signal line, and both the Slope and Free
Run inputs of U122 (the B Trigger Generator). Delay
Time Position switching and the B Reset signal are dis-
cussed in the text pertaining to those circuits.

A simplified diagram of the Slope and A Time/Runs
After Dly switching is included in Figure 3-9.

In both the A TIME and RUNS AFTER DLY switch
positions, the B Trigger Generator Free Run input (pin 2)
is held HI. Selecting RUNS AFTER DLY applies +5 V to
the signal line. Diode CR50 (diagram 11) becomes reverse
biased, and the SLOPE switch is isolated from the signal
line. Diode CR63 (diagram 6) also becomes reverse biased,
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and that allows the Free Run input pin of U122 to be
pulled HI from the +10-V level applied to the signal line
via R67.

Selecting the A TIME position of the B SOURCE switch
applies +10 V to the signal line. Diode CRB3 remains
reverse biased so the added voltage does not change the
conditions at the B Trigger Generator on pins 2 and 8. The
additional voltage serves to control the bias on Q208
(diagram 6). Transistor Q208 controls the enabling voltage
on CMOS bilateral switch U216B in the B Delay Time
Position and A Time Position switching circuit. Further
discussion of this circuit is contained in the description of
the B Delay Time Position and Prescaling circuit.

SLOPE switch S1 is functional when any trigger source
other than A TIME or RUNS AFTER DLY is selected.
Both the +5 V and the +10 V are removed from the signal
line, and the SLOPE switch then either grounds the line
(—SLOPE) or leaves it open (+SLOPE). When the signal
line is grounded, diode CR50 is forward biased by the
—10 V applied via R63. The cathode voitage of CR63 is
then approximately —0.7 V (the drop across CR50), and
diode CR63 is forward biased by the +10 V applied via
R67. With an additional 0.7 V dropped across CR63, the
voltage applied to the Free Run input of U122 is approx-
imately O V. The Trigger Generator does not free run, and
transistor Q161 is held off. Pin 8 of U122 is pulled HI by
the +5 V applied via pull-up resistor R161. With pin 8 HI,
an output gate from U122 will be produced during the
negative slope of the input trigger signal.

When the SLOPE switch is set to the + position, the
signal line becomes open through CR50. This allows the
cathode end of CR63 to be pulled down to —10 V via
R63. The anode end of the forward-biased diode also moves
more negative, and Q161 is biased on. Pin 8 of U122 is
pulled LO, and now an output gate is produced from U122
during the positive slope of the input trigger signal.

B External Trigger Amplifier

A trigger signal applied to the B Trigger External INPUT
connector is ac coupled to the B External Trigger Amplifier
via an RC bandwidth filter. The filter response limits the
B External Trigger bandwidth to a range of 30 Hz to
20 MHz. Protection diodes CR85 and CR86 prevent
excessive amplitude trigger signals from being accidentally
applied to the gate of source-follower Q88.

The amplifier is composed of source-follower Q88,
constant-current source Q89, and emitter-follower Q92.
In addition to acting as a constant-current source for Q88,
FET Q89 also provides thermal compensation for the
amplifier stage. The output trigger signal is taken from the
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emitter circuit of Q92 and fed to the B Trigger Generator
(diagram 5), where it is available for selection as the B
Trigger signal.

B Trigger LEVEL control R94 is connected between the
+10-V and —10-V supplies of the Trigger Amplifier. The
triggering level of the B Trigger Generator is set by the dc
level established by the LEVEL control.

B Trigger Generator

B Trigger Generator IC U122 operates in a manner
similar to the A Trigger Generator IC. Integrated circuit
U122 generates the Gate signal used to control the B Sweep
Generator (U24, diagram 6). When the Gate signal at U122
pin 14 is LO, the B Sweep Generator will not be enabled
to produce a sweep signal.

When the B sweep is triggered (VERT MODE, CH 1,
CH 2, or EXT), the first triggering signal that occurs after
the delay time has elapsed will cause the Gate signal at
pin 14 to go HI, and the B Sweep Generator will initiate a
sweep signal. When either the A TIME or RUNS AFTER
DLY B Trigger SOURCE is selected, the Free Run input
of U122 is held HI. In this condition, the Gate signal at
pin 14 is also held HI. Inverter circuit Q134 and Q139
inverts the Gate signal to B GATE and applies it to the
B Gate input pin of U24 (pin 13). With a LO on U24
pin 13, the B Sweep Generator will initiate a B Sweep
signal on receipt of a Delayed Gate signal from the A
Sweep Generator (U43).

SWEEP

The Sweep circuitry, shown on schematic diagram 6,
is composed of the A and B Sweep Generator IC, the
Sweep Control IC, the Miller Sweep circuit, and the B
DELAY TIME POSITION control circuitry. Logic levels
necessary to control the sequence of events associated with
sweep generation, both A and B Sweep signals, and crt
unblanking signals are produced by the Sweep circuitry.

A and B Sweep Generators

The A and B Sweep Generators produce linear sawtooth
voltages which are amplified by the Horizontal Amplifier
circuit to produce the crt display horizontal deflection.
Both Sweep Generator integrated circuits also produce
Z-Axis signals that unblank the crt during the appropriate
sweep time and establish the display intensity. The A and B
Sweep Generator circuits are contained in two identical
16-pin integrated circuits, U43 and U24 respectively.

The following is a brief description of the function
associated with each of the pins of the IC device used for
U43 and U24.
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Pin 1: Delay Time In (used in the A Sweep Generator
IC only). In RUNS AFTER DLY, this pin connects to the
B DELAY TIME POSITION control. The dc level from this
control is used to vary the time between the start of the
A Sweep and the start of the Delayed Gate output at
pin 16. In A TIME, the Delay Time input voltage will
alternate between the level set by the B DELAY TIME
POSITION control and that set by the A TIME POSITION
control. For A TIME measurements, either two intensified
zones (A INTEN HORIZ MODE) or two alternated B
Sweeps (B HORIZ MODE) will be displayed.

Pin 2: Miller Out. Connects to the ramp output signal
from the Miller Sweep circuit.

Pin 3: Current Source. Sets the internal operating
current levels.

Pin 4: Miller Null Retrace Current. Supplies retrace
current and feedback to set the sweep-start voltage on the
Miller Sweep circuit.

Pin 5: Sweep Out. The sweep output signal is present
on this pin; it is applied to the Horizontal Amplifier circuit.
The output can be switched off and on by the logic level
on pin 7.

Pin 6: Start Level Current In. Sets current levels that
determine the Miller Sweep start voltage.

Pin 7: Sweep Switch In. Enables the sweep output
signal at pin 5. When pin 7 is LO, a sweep output can occur;
when HI, the sweep output is disabled and pin 5 is held
at—3 V.

Pin 8: VEE. Connects to the —5-V supply.

Pin 9: Ground. Ground connection point for the IC.

Pin 10: Holdoff Start Out. Provides an output pulse to
U87 to start the holdoff timing ramp when the sweep ramp
reaches its maximum negative level.

Pin 11: Intensity In. Current from Q218, controlled by
the front-panel INTEN potentiometer, is supplied to this
point to establish the level of unblanking current produced
at pin 12.
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Pin 12: Crt Unblanking Out. Z-Axis unblanking current
supplied from this pin to the Z-Axis Amplifier determines
the display intensity during sweep times. During nonsweep
times, the crt is blanked by the absence of the unblanking
current.

Pin 13: A Gate In (U43) and B Gate In (U24). The logic
level on this pin is used in conjunction with thel_ogic level
on pin 14 (Sweep Disable on U43; Delayed Gate In on
U24) to start and stop the sweep. A negative-going gate
pulse applied to pin 13 starts the sweep if pin 14 is LO.
Also, a negative-going gate pulse applied to pin 14 starts the
sweep if pin 13 is LO. When either A TIME or RUNS
AFTER DLY is selected, pin 13 of B Sweep Generator U24
is held LO by the B Gate signal from B Trigger Generator
U122. In this condition, the Delayed Gate signal on pin 14
controls the start and stop of the B Sweep. In the triggered
B Sweep modes (VERT MODE, CH 1, CH 2, or EXT),
after the delay time has elapsed, the Delayed Gate is
applied to U24 pin 14 to enable the next triggering signal
received at the B Trigger Generator to initiate a B Sweep.

Pin 14: Delayed Gate In (U24) or Sweep Disable (U43).
See “Pin 13" discussion for the use of pin 14 in conjunc-
tion with pin 13. In the A Sweep Generator IC, when X-Y
VERTICAL MODE is selected, pin 14 (Sweep Disable) is
switched HI to prevent any sweep from being generated.
Horizontal deflection of the display is accomplished using
the signal applied to the CH 1 OR X input connector. In
the B Sweep Generator IC, the Delayed Gate produced
from pin 16 of the A Sweep Generator IC is applied to this
pin to control the B Sweep as described in the “Pin 13"
discussion.

Pin 15: V(. Connects to the +5-V supply.

Pin 16: Delayed Gate Out (used in the A Sweep Gen-
erator IC only). A Delayed Gate pulse produced at this pin
is applied to pin 14 {(Delayed Gate In) of the B Sweep
Generator IC. The delay time between the start of the A
Sweep and the generation of the Delayed Gate is deter-
mined by the B DELAY TIME POSITION control setting in
RUNS AFTER DLY. In A TIME the delay time is alter-
nated between that set by the B DELAY TIME POSITION
control and that set by the A TIME POSITION control.

In addition, the B Reset signal is derived from the logic
level at U43 pin 16. For triggered B Sweep modes, the B
Reset signal coincides with the end of the Delayed Gate.
In RUNS AFTER DLY and A TIME, the B Reset signal is
held LO by U365E_,__and the B Trigger Generator is not
reset. Thus, the B Gate signal to U24 pin 13 is held LO,
and the Delayed Gate from U43 pin 16 controls the start
and stop of the B Sweep.



B Delay Time Position and A Time Position Circuit

The B DELAY TIME POSITION control, R918A, and
the A TIME POSITION control, R918B, set dc levels at
U43 pin 1 (Delay Time In). The voltage levels from these
two controls are multiplexed when the B SOURCE switch
is set to A TIME. Otherwise, only the B DELAY TIME
POSITION control voltage is used to establish the delay
time.

The dc level (between +2 V and —2 V) is compared
with the A Sweep ramp level in a delay pickoff comparator
within U43. When the A Sweep ramp crosses the dc
level set by either the B DELAY TIME POSITION control
or the A TIME POSITION control, a Delayed Gate is
produced at U43 pin 16.

The voltage levels applied to the ends of potentiometers
R918A and B are produced by two operational amplifiers,
U198A and U198B. The two amplifiers are biased to
produce stable voltages of +2 V and —2 V respectively
when either A INTEN or B HORIZ MODE is selected.

Pressing in the A HORIZ MODE push button places
+5 V on the anode end of both CR195 and CR193. Amp-
lifiers U198A and U198B are then biased to produce
outputs of —4 V to both ends of R918A and B, and the
delay pickoff comparator within U43 is disabled. A
Delayed Gate is not generated at U43 pin 16; therefore,
a B Sweep is not started by the B Sweep Generator.

Buffer amplifiers U197A and U197B amplify the dc
voltage level from the delay time position controls and
provide the drive level to the Prescaling circuit for use
when delta time measurements are being made. Further
discussion of the Prescaling circuit is located in the ““Delta
Time* circuit description. CMOS switch U2168B is switched
when the two dc voltage levels are multiplexed.

In all B Trigger Modes except A TIME, Q208 is biased
on. With Q208 conducting, +5 V is applied to U216B pin 9,
and pin 3 of the bilateral switch is connected to pin 4.
Therefore, only the B DELAY TIME POSITION control
voltage level is passed to the A Sweep Generator. When
the A HORIZ MODE is selected, +5 V is applied from S218
to pin 9 of U216B via CR202 to prevent U216B from
switching to the A TIME POSITION control output voltage
even if A TIME B SOURCE is selected.

When A TIME B SOURCE is selected, +10 V is applied
to the A Time/Runs After Dly/Slope signal line. This
voltage level causes Q208 to become reverse biased, and the
+5 V from Q208 to U216B pin 9 is removed. If either A
INTEN or B HORIZ MODE is also selected, CR202 is
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reverse biased and the Alt Sync signal applied to U2168B
pin 9 via CR208 is enabled to drive U216B.

In this condition, the dc level applied to the Delay Time
In pin of U43 alternates between the output voltage of
U197A and the output voltage of U197B. On one A Sweep
the Delayed Gate to the B Trigger Generator will be
generated at a delay time set by the B DELAY TIME
POSITION control, and on the next A Sweep the Delayed
Gate will be generated at a delay time set by the A TIME
POSITION control. The result is either two intensified
zones on the A Sweep (if A INTEN HORIZ MODE is
selected) or two alternating B Sweeps (if B HORIZ MODE
is selected).

+35-V Regulator

A stable voltage source is required for proper operation
of the Miller Sweep circuits. Regulator 1C U3 develops
the +34-V charging voltage that is applied to the Miller
Sweep timing capacitors. The Regulator develops the +34 V
from the +40-V supply.

Miller Sweep Generator

Transistors Q80, Q81, Q83, and the selected RC timing
elements (determined by the A SEC/DIV switch position)
make up the A Miller Sweep Generator. Both the A Sweep
and B Sweep circuits operate in a similar manner. The A
Sweep circuit is discussed to explain circuit operation.
Any differences in circuit operation between the A Sweep
and the B Sweep are also discussed.

When both pins 13 and 14 of U43 are LO, the minus
input of the internal Sweep Start Comparator is pulled
LO, and the Comparator output at pin 4 of U43 becomes a
high impedance. Timing capacitor C, then begins to charge
toward +32 V through R,. The gate of Q80 (connected
to the junction of C, and R;) begins to go positive as it
follows the charge on C,. The resulting increase in current
through Q80 decreases the current through Q81 to produce
a positive-going voltage rise at the base of Q83. The 083
collector voltage decreases, and the negative side of C,
follows. This action results in a negative-going voltage
applied across'Ct that maintains a constant charging current
through C,. The linear charging current produces a linear,
rather than exponential, rate of fall to the sawtooth output
signal.

The sawtooth output voltage continues to fall until it
reaches —2.4 V. At that point, the End-of-Sweep Com-
parator contained in U43 initiates the Holdoff Start pulse
at U43 pin 10. The Holdoff Start pulse starts the sweep
hoﬂgif time and resets the A Sweep IC by removing the
A Gate from U43 pin 13.
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When the A Sweep IC resets, the Delayed Gate signal
from U43 pin 16 goes HI to reset the B Sweep Generator.
In the triggered B Sweep modes, the B Trigger Generator
is also reset by U43 pin 16 going HI. When either the
A TIME or RUNS AFTER DLY B Sweep mode is selected,
the B Trigger Generator is not reset when the A Sweep
ends, and the B Gate signal remains LO at U24 pin 13.

In X-Y VERTICAL MODE, the X-Y Enable signal is
applied to U43 pin 14 (Sweep Disable input) to prevent
the A Sweep from being generated.

Delay Start potentiometer R74 and B Time potenti-
ometer R10 permit adjustment of the quiescent current
levels of Q81 and Q16 in the A and B Sweep circuits
respectively. These current levels set the starting points
for the sweep output signals.

Sweep Control Integrated Circuit

The Sweep Control integrated circuit is U87. Several
functions are performed in this stage, depending on the
mode of operation of the instrument. The following list is
a brief explanation of the function associated with each
pin of the IC.

Pin 1: NORM Mode. When this pin is grounded through
the A Trigger Mode switch, S210, the sweep operates in
the single-sweep mode. When the ground is removed from
this pin (by pressing in the NORM push button), the sweep
operates in the repetitive mode.

Pin 2: Single Sweep Reset. Pressing in and releasing the
SGL SWP push button prepares the single-sweep circuitry
to respond to the next triggering event. The READY LED
will illuminate and remain on until a trigger occurs.

Pin 3: Auto Timing. With AUTO Trigger Mode selected,
R100 and C100 determine the amount of time between
the end of holdoff and the generation of the AUTO Gate
when no triggering signal is received. If no triggering signal
is received within about 100 ms, the charge on C100 will
be sufficient to place a Hl on pin 3, thus causing the
Auto Gate signal to occur.

Pin 4: Auto Mode. Grounding this pin through Trigger
Mode switch S210 enables automatic sweep mode
operation.

Pin 5: Logic Gate. The A Gate from the A Trigger

Generator is applied here to prevent an Auto Gate from
occurring and to control the TRIG'D and READY LED.
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Pin 6: Auto Gate. When in the automatic sweep mode,
the gate output from this pin triggers the sweep if a trigger
signal does not occur within about 100 ms after holdoff
ends.

Pin 7: A Gate. The gate provided from this pin synchro-
nizes alternate trace switching in the Vertical Switching
Logic circuitry.

Pin 8: Ground connection for the IC.

Pin 9: Holdoff Out. The gate level present here is LO
during sweep holdoff time and HI otherwise. This gate is
used to reset the Trigger Generator circuitry. While this
pin is LO, a triggering signal cannot be generated from the
Trigger Generator circuitry.

Pin 10: Holdoff Timing. The RC timing networks
selected by the A SEC/DIV switch are connected between
this pin and pin 11. The TRIG HOLDOFF (PUSH) VAR
control (on diagram 7) may be used to vary the amount
of holdoff time from that produced by the fixed holdoff
timing components.

Pin 11: Holdoff Ramp. A negative-going holdoff ramp
is present on this pin. The slope of the ramp determines
the sweep holdoff time.

Pin 12: Holdoff Start. A positive-going end-of-sweep
pulse is applied to this pin. The pulse terminates any Sweep
Control output gates, starts the holdoff ramp, and initiates
the A Reset pulse to the A Trigger Generator.

Pins 13 and 15: Triggered and Ready Light. In NORM
or AUTO Trigger Mode, pin 13 illuminates the TRIG'D-
READY LED to indicate that a triggered gate has occurred.
In SGL SWP Trigger Mode, pin 15 illuminates the TRIG'D-
READY LED to indicate that the Sweep Control IC is
prepared to generate a single sweep when a triggering
signal occurs.

Pin 14: Light Ground. Provides a ground point for the
TRIG'D-READY LED.

Pin 16: The +5-V supply to the IC.

A Horizontal Mode

When an adequate triggering signal is applied to the
A Trigger Generator (U81, diagram 5), a gate signal is
produced at U81 pin 14 {see Figures 3-10 and 3-11). The



gate in inverted and its level shifted by Q89 to become the
A Gate signal. This signal is applied via CR87 to U87 pin b
(the Logic Gate input of the Sweep Control IC) and via
CR88 to U43 pin 13 (the A Gate input of the A Sweep
Generator IC). In response to the application of A Gate,
U43 starts a negative-going A Sweep ramp at U43 pin 5.

In Sweep Control IC U87, application of the A Gate
signal at pin 5 prevents the generation of an Auto Gate
output at pin 6. Output gates automatically occur at pin 6

Theory of Operation—2336 Setvice

in the AUTO Trigger Mode if a triggering signal does not
occur within about 100 ms after holdoff has ended.

When the A Sweep ramp reaches a predetermined level
(within U43), a Holdoff Start signal is produced at U43
pin 10. Holdoff Start is applied to Sweep Control 1C U87
at pin 12 to cause the A Reset signal at U87 pin 9 to go
HI. The HI A Reset signal is then applied to Trigger
Generator U81 at pin 17 via Q104 to reset U81, and the
A Gate signal (applied to U43 at pin 13) goes HI.
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Figure 3-10. Sweep operation in the A Sweep Mode.
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Figure 3-11. Sweep circuit waveform relationships.
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At that point, Holdoff Start at U43 pin 10 goes LO
and is applied to U87 pin 12. With Holdoff Start LO, the
negative-going Holdoff ramp at U87 pin 11 starts. When
the ramp level reaches about —2 V, the A Reset signal at
U87 pin 9 returns LO to remove the reset signal from the
Trigger Generator. Trigger Generator U81 is now able to
respond to another triggering signal.

The Holdoff ramp at U87 pin 11 stays LO until another
triggering signal occurs. When either the A Gate is generated
by U81 or an Auto Gate is generated by U87, the Holdoff
ramp is reset HI in preparation for the next Holdoff timing
period.

From UB87 pin 7, the A Gate signal is used to clock Alt
Sync_F_lip-rop U108. The output pulse from U108 pin 13
(the Q output pin) is applied to the Vertical Switching
Logic circuitry to synchronize vertical switching between
channel displays when ALT VERTICAL MODE is selected.

When A TIME is selected, the Alt Sync pulse is also
applied to CMOS switch U216B via CR208. The Alt Sync
pulse switches the delay time between that set by the
B DELAY TIME POSITION control and that set by the
A TIME POSITION control.

When either A or A INTEN HORIZ MODE is selected,
U43 pin 7 is held LO to enable the A Sweep output signal
at U43 pin 5; and pin 7 of U24 (the B Sweep Generator}
is held HI to prevent a B Sweep signal output from occur-
ring. For the A INTEN HORIZ MODE however, the B Crt
Unblanking output signal continues to be provided to the
Z-Axis Amplifier to intensify the A Sweep during the
B Sweep period.

In the A INTEN HORIZ MODE, selecting A TIME
B Trigger SOURCE, will present two intensified zones
alternated on the A Sweep. One corresponds to the delay
set by the B DELAY TIME POSITION control; the other
corresponds to the delay set by the A TIME POSITION
control,

B Horizontal Mode

In the B HORIZ MODE (Figure 3-12), the A Sweep
Generator continues to operate much the same as it does in
the A HORIZ MODE. However, both the A Sweep output
at U43 pin 5 and the Crt Unblanking output at U43 pin 12
are disabled to prevent any A trace display. The A Sweep
ramp continues to be generated within U43 to control the
delay timing and sweep resetting functions required for the
B HORIZ MODE.
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Figure 3-12. Sweep operation in the B Sweep Mode.
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The B Sweep runs only once per A Sweep, and it is
initiated by one of two gate signals. Both the Delayed Gate
at U24 pin 14 and the B Gate at U24 pin 13 interact to
control the actual sweep start.

If one of the triggered B Sweep modes is in use, the B
Sweep is initiated by the first triggering signal that occurs
after the delay time set by the B DELAY TIME POSITION
control has elapsed. When the A Sweep ramp within U43
reaches the level set at U43 pin 1, a Delayed Gate is
generated at U43 pin 16. This gate signal does two things:
first, it sets U24 pin 14 LO to enable the B Sweep Gener-
ator; and second, it removes the B Reset signal from the
B Trigger Generator to enable the B Trigger Generator
(U122, diagram b).

The next triggering signal received by U122 will cause
the B Gate signal at U24 pin 13 to go LO and a B Sweep
is initiated. At the end of the A Sweep ramp, the Delayed
Gate at U43 pin 16 goes HI again, and both the B Trigger
Generator and the B Sweep Generator become reset.

The sequence of events is altered when either A TIME or
RUNS AFTER DLY B Trigger SOURCE is selected. In
either of these cases, the Free Run input of B Trigger
Generator U122 is held HI (in the Free Run mode), and the
B Gate signal to the B Sweep Generator is held LO. In this
condition, a B Sweepw_ill be initiated immediately upon
receipt of the Delayed Gate from U43 pin 16.

__At the end of the A Sweep ramp, when the Delayed
Gate goes HI, pin 14 of U24 is allowed to go HI to reset
the B Sweep Generator. However, the B Reset signal is
held LO by U365E being forward biased, and the B Trigger
Generator is not reset.

The crt is unblanked for the duration of the B Sweep
by a B Crt Unblanking signal produced at U24 pin 12.
When the B Sweep ramp reaches a predetermined level
within U24, the Crt Unblanking signal current drops
to zero, and the crt becomes blanked again. The B Sweep
ramp finishes its rundown but remains LO until it is reset
by the removal of the Delayed Gate signal from U24 pin 14
(see Figure 3-11).

A INTEN Horizontal Mode

In the A INTEN HORIZ MODE, both the A and B
Sweep Generators operate, but the B Sweep output at U24
pin 5 is disabled by a HI placed on U24 pin 7 via the
HORIZ MODE switch. The B Crt Unblanking signal (pro-
duced at U24 pin 12 during the B Sweep time) adds to the
A Crt Unblanking signal to produce the intensified zone(s)
on the crt display trace.
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X-Y Mode

When both CH 1 and CH 2 VERTICAL MODE push
buttons are pressed in, the X-Y display is enabled. The X-Y
Enable signal is applied to U43 pin 14 to disable both the
A and B Sweep outputs to the Horizontal Amplifier. How-
ever, the X-Y Enable signal is also supplied to the Intensity
inputs of both Sweep Generators to produce a fixed crt
unblanking output level to the Z-Axis Amplifier. The X-Y
Enable signal is applied to both Sweep Generators at pin 11
{via CR29 and R29 to U43; via CR47 and R47 to U24) so
that the crt can be unblanked regardless of the Horizontal
Mode selected. Additional intensity signal current from
0218 (required to set the crt display intensity to the
desired viewing brightness) is added to the fixed X-Y level
via HORIZ MODE switch S218.

A AND B TIMING SWITCHES

The switching circuitry shown in schematic diagram 7
includes the switching contacts and timing components
for each position of the A and B SEC/DIV switches. Also
shown is the Variable Time and Variable Trigger Holdoff
control circuitry. Switch contacts for the holdoff timing
are included in diagram 7, but the holdoff timing
components are shown in diagram 6.

Contacts on the A SEC/DIV switch supply setting infor-
mation to both the Prescaling circuit (diagram 6) and the
Scale Factor Decoding circuit {diagram 11). The position
information sets the Prescaling voltage divider for the
appropriate dividing ratio and determines the scale factor
to be displayed in the LCD readout when A TIME measure-
ments are made.

HORIZONTAL AMPLIFIER

The Horizontal Amplifier circuit, shown on schematic
diagram 8, provides the output signals that drive the
horizontal crt deflection plates. The signal that is applied
to the Horizontal Preamplifier IC (U128) is determined by
the HORIZ MODE and VERTICAL MODE switches.
Horizontal deflection signals can come from either of the
Sweep Generators or from the CH 1 OR X input connector
(X-Y display). See Figure 3-13 for a detailed block diagram
of the Horizontal Amplifier.

Horizontal Preamplifier

Horizontal Preamplifier IC U128 converts single-ended
input signals into the differential output signals necessary
for proper crt deflection. Horizontal positioning, magnifier
registration, X10 magnification, and X-Axis signal amplifi-
cation (X-Y mode) are also accomplished in U128.



The following is a brief description of the function

associated with each pin of U128.

Pin 2: Herizontal
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I {=). Negative differential signal

current at this pin is applied to the Horizontal Output

Amplifier.

Pin 1: Magnifier Registration. This pin is used in con-

junction with pin 8 to provide for registration adjustment
between normal and magnified sweeps. The Horizontal
Beam Find voltage is also applied between pins 1 and 8 to
reduce the horizontal deflection of a signal to within the

Pin 3: Gain Set. The amplifier gain setting circuitry is
connected between this pin and pin 6. Relay K127 is
actuated by the front-panel X10 MAG push button to
switch either the X1 or X10 gain-setting components into

graticule area. the circuit.
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Figure 3-13. Horizontal Amplifier, detailed block diagram.
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Pin 4: Vgg. The —5-V supply is applied to the IC at
this pin.

Pin 5: Bias. The internal biasing current is supplied to
this pin from the +40-V supply via R149.

Pin 6: Gain Set. This pin is used in conjunction with
pin 3 for connection of the amplifier gain-setting
components.

Pin 7: Horizontal | (+). Positive differential signal
current at this pin is applied to the Horizontal Output
Amplifier.

Pin 8: Magnifier Registration. See Pin 1 discussion.

Pin 9: B Sweep. Input pin for the B Sweep signal.

Pin 10: A Sweep. Input pin for the A Sweep signal.

Pin 11: X Signal. Input pin for the X-Axis signal from
Channel 1 when the X-Y display feature is in use.

Pin 12: X-Y Mode. Switches the amplifier circuitry to
amplify the signal connected to pin 11. A LO on pin 12 is
normal for A or B Sweep amplification.

Pin 13: Frequency Compensation. Connects to fre-
quency compensating capacitor C149,

Pin 14: Horizontal Position. Input pin for the Hori-
zontal POSITION control signal.

Pin 156: V. The +5-V supply is applied to the IC at
this pin.

Pin 16: Ground. This pin provides the ground con-
nection point for the [C.

X-Signal Amplifier

A circuit composed of U147 and associated components
performs several signal-processing functions on the X-Axis
signal prior to its application to the Horizontal Preamplifier.

The X-Axis signal is derived from the CH 1 Trigger
signal output of the Channel 1 Vertical Preamplifier (U30,
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diagram 2). The CH 1 Trigger signal is thermally compen-
sated in the Channel 1 Preamplifier. Effects of the thermal
compensation are eliminated from the X-Axis signal by the
RC network composed of R142, C141, and R141. The net-
work also supplies the input impedance for U147,

Horizontal positioning from the Horizontal POSITION
control is added to the X-Axis signal via R139. The result-
ing signal is applied to the inverting input of U147 to
establish the correct signal polarity for application to
Horizontal Preamplifier U128,

Stage gain of U147 is approximately two and is set by
both R146 and the input resistance to U147. Capacitor
C146 provides high-frequency compensation for U147. The
calibrated X-Axis signal gain is adjustable by X-Y Gain
potentiometer R148.

Horizontal Output Amplifier

The Horizontal Output Amplifier circuit consists of two
complementary, feedback-amplifier halves. One half
amplifies the negative-going current signal from the Hori-
zontal Preamplifier (U128 pin 2), and the other half
amplifies the positive-going current signal at U128 pin 7.

The negative-going signal amplifier is composed of Q160,
Q167, and Q168; the positive-going signal amplifier is
composed of Q174, Q176, and Q181. Transistor Q155 is
a constant-voltage source which is common to both input
transistors (Q160 and Q174).

Input transistors Q160 and Q174 are common-emitter,
inverting amplifiers with low input impedance. The base
voltage on the transistors varies only a small amount during
the change in signal current. Quiescent base voltages of
Q160 and Q174 are held to nearly the same dc level by the
action of constant-voltage-source transistor Q155 along
with CR160 and CR175.

The inverted signal current at the collectors of Q160 and
Q174 drive the emitters of a pair of complementary
common-base amplifiers. Transistor pair Q167 and Q168
(driven by Q160) provides the voltage to the right
horizontal deflection plate, and transistor pair Q176 and
Q181 (driven by Q174) provides the voltage to the left
horizontal deflection plate.

The transistors in a complementary pair (Q167 and
Q168 in the right side, and Q176 and Q181 in the left
side) share a common current path. The pairs are arranged
so that the signal current has the opposite effect on the
forward biasing of each transistor in the pair.



In the pair of Q167 and Q168, both transistors are
forward biased. The incoming positive-going signal reduces
the forward bias on Q167 and increases the voltage drop
across it. However, a positive-going signal increases the
forward bias on Q168, thereby reducing the voltage drop
across it. This action continues as the sweep signal rises
linearly, and the collector voltage of Q167 and Q168 rises
toward the +102-V supply level. At the end of the sweep,
the transition back to the sweep quiescent level is started
quickly by the ac-signal coupling through C167 to the
emitter of Q168.

The left side transistor pair (Q176 and Q181) operates
in a manner similar to that described for the right side.
Zener diode VR174 in the left side provides the correct
bias level for Q176, and C174 is a fast signal path around
VR174.

Resistors R163 (in the right side} and R190 (in the left
side) dampen the deflection signal slightly to prevent
oscillation.

CRT CIRCUIT

The CRT circuit, shown on schematic diagram 9,
provides the voltage levels and control circuits for operation
of the cathode-ray tube. The circuitry consists of the
Z-Axis Amplifier, High-Voltage Oscillator, High-Voltage
Regulator, +102-V Low-Voltage Power Supply, High-
Voltage Rectifier, High-Voltage Multiplier, and the Crt
controls.

High-Voltage Oscillator

Transistors Q161 and Q163 and associated components
compose a High-Voltage Oscillator that produces drive for
High-Voltage Transformer T167. The frequency of oscil-
lation is determined by the resonant frequency of T167
(approximately 38 kHz). Waveform relationships in the
circuit are illustrated in Figure 3-14.

When ac power is applied to the instrument, R176B
supplies start-up current to turn on Q178 and Q184.
Initially, with zero feedback from the —1.96-kV supply,
both Q178 and Q184 turn on at full conduction. Capacitor
C183 hecomes positively charged with respect to ground,
and the base of Q161 becomes forward biased and begins
conducting. As Q161 collector current starts flowing
through T168 (pins 1 and 2} and T167 (pins 4 and b5),
a positive-feedback voltage is induced in T167 between
pins 3 and 6 and in T168 between pins 3 and 4. The sum of
the two feedback voltages is applied to the base of Q161 to
quickly turn on Q161 at full conduction; drive current is
also supplied to the T167 primary winding (pins 4 and 5).
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Figure 3-14. High-Voltage Oscillator waveform relationships.
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Capacitor C183 is in the base current path for Q161,
and due to the base current flow through it, C183 loses
its positive charge and becomes negatively charged with
respect to ground. The voltage level developed across C183
during this cycle determines the point at which Q161 will
turn on during the next resonant cycle.

After the voltage in the T167 feedback winding peaks,
it begins to decrease. The base drive to Q161 decreases,
and Q161 starts to turn off. At this point, the current
through Q161 will start to fall. The feedback voltage across
T168 reverses polarity as the magnetic field begins to
collapse, and Q161 is rapidly turned off.

The reversed polarity voltage across T168 pins 1 and 2
forward biases CR165 in the base circuit of 0163, and
Q163 begins to conduct. This action places the inductance
of T168 in parallel with the inductance of T167, and the
energy stored in the magnetic field around T168 is coupled
to T167 instead of being dissipated as heat in the trans-
former. Transistor Q163 turns off when the magnetic field
of T168 collapses to a point that no longer sustains the base
current to Q163.

Transistor Q161 remains off until the magnetic field
around T167 reverses again due to the flywheel effect of
the resonant transformer. When the feedback voltage
induced in T167 at pin 3 becomes positive enough with
respect to pin 6 to overcome the negative voltage level
retained on C183 from the previous cycle, Q161 will
become forward biased again.

The sequence of events just described occurs repetitively
as the circuit continues to oscillate.

High-Voltage Regulation

Regulation of the high-voltage supply is controlled by
feedback from the —1.96-kV cri cathode voltage supply.
When power is first applied, the feedback signal is zero,
and both Q178 and Q184 conduct heavily. As the operating
level is reached, the negative feedback applied to the base
of Q178 reduces the forward bias on Q178. Current
through Q184, used to charge C183 in a positive direction
(less negative), is also reduced. Thus Q161 turns on later
in the resonant cycle than during start up. Drive current is
supplied to High-Voltage Transformer T167 for a shorter
time during the resonant cycle, and the amplitude of the
sinusoidal oscillation is reduced.

If the crt cathode voltage becomes more negative due to
less loading of the high-voltage supply, the charging current
to C183 through Q184 is reduced even more to hold the
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voltage across C183 at a more negative level. The feed-
back voltage at T167 pin 3 must rise to a higher positive
level to overcome the voltage on C183, and Q161 will turn
on later in the resonant cycle. The reduction in oscillation
amplitude in T167 will return the —1.96-kV supply to the
correct operating level. High voltage is thus regulated by
controlling the amplitude of the —1.96-kV supply.

Decoupling components C167 and L1687 prevent oscil-
lator current from disturbing the +40-V unregulated supply.

High-Voltage Over-Voltage Shutdown Circuit

In the event that a high-voltage over-voltage condition
occurs, a shutdown circuit composed of Q148, Q155,
Q156, and associated components acts to stop drive current
to the High-Volitage Transformer.

The +102-V supply level (developed in the High-Voltage
Transformer secondary circuit) is proportional to both the
high voltage (+16 kV) and the crt cathode voltage (—1.96
kV). An over-voltage condition of the +102-V supply can
therefore be used to sense a high-voltage over-voltage
condition.

In the base circuit of Q148, the +102 V is divided down
by R149 and R150 to provide the Q148 base-bias voltage.
Reference diode VR 148, in the emitter lead of Q148, holds
a voltage level on the emitter that must be exceeded by the
base-bias voltage before Q148 can become forward biased.
When an over-voltage condition exists, the Q148 base-bias
voltage becomes high enough to cause Q148 to conduct.

Transistor Q155 then becomes forward biased by the
voltage drop across R147 (in the Q148 collector circuit).
Collector current through Q155 supplies base current to
Q148, and both Q148 and Q155 will be latched on. Tran-
sistor Q155 also supplies base current to Q156 via R155 to
bias Q156 into conduction. With Q156 on, base current to
Q161 (main oscillator transistor}) is shunted to ground to
prevent Q161 from being biased into conduction. Drive
current to the High-Voltage Transformer is removed, and
the over-voltage condition is eliminated.

To unlatch Q148 and Q155, the instrument power must
be turned off.

High-Voltage Circuitry

Secondary windings of High-Voltage Transformer T167
provide crt heater current, source voltage for the +102-V
supply, and three 38-kHz sine-wave voltages: 150 V at
terminal 7, 980 V at terminal 8, and 2700 V at terminal 9.



The three 38-kHz sine-wave voltages are supplied to
High-Voltage Module U130. This module houses a high-
voltage multiplier {(used to produce the +16-kV crt anode
voltage), a dc-restorer circuit (to couple the Z-Axis
Amplifier output to the crt intensity grid), and a rectifier
and filter circuit used to produce the remaining crt oper-
ating voltages (grid bias, focus, cathode voltage, and mesh
voltage).

Focus voltage is adjustable over a range of approxi-
mately —1400 V to —1700 V by R940, the front-panel
FOCUS control. The grid-bias voltage is adjusted (by R140)
to set the level at which the Z-Axis Amplifier output
voltage blanks the crt display.

CRT Control Circuits

Crt focus is controlled by FOCUS control R940 in
conjunction with ASTIG adjustment R945. The ASTIG
adjustment varies the voltage level on the astigmatism grid
and is used to obtain a well-defined display over the face
of the crt. Geometry adjustment R202 varies the voltage
level on the horizontal deflection-plate shields to control
the overall geometry of the display (minimizes bowing of
the display).

Two controls align the trace with the graticule lines.
Y-Axis adjustment R203 controls the current through one
of the two coils wound on the crt neck and aligns the
vertical display components only. Front-panel TRACE
ROTATION adjustment R942 controls the current through
the other coil. The Trace Rotation coil is located between
the crt face and the vertical and horizontal deflection
plates, and it affects both the vertical and horizontal
display components.

+102-V Supply

A secondary winding of T167 (pin 1 to pin 2) supplies
drive to a voltage-doubler circuit composed of C197, C190,
CR197, and CR190. Filtering of the +102-V supply is
accomplished by L191 and C191. Diode CR191 protects
the output load from any negative transients that may
occur during turn on or shut down.

Z-Axis Amplifier

The Z-Axis Amplifier controls the crt intensity level
via several input signal sources. The effect of these input
signals is to either increase or decrease the trace intensity or
to completely blank portions of the display.

Unblanking signal current from the Sweep IC (U43 for
A Sweep or U24 for B Sweep, diagram 6) is applied through
R92 to the emitter of input buffer transistor Q93. Signal
current flow in the unblanking signal line ranges from O (for
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no intensity) to approximately 3 mA (for full intensity).
The amplitude of the unblanking signal current is deter-
mined by the setting of the front-panel INTEN control
(R909, diagram 3).

Input transistor Q93 also acts as a buffer amplifier for
two of the remaining Z-Axis Amplifier input signals:
chop blanking and external Z-Axis signals.

When the instrument is operating in the Chop mode
(switching between CH 1 display and CH 2 display), Chop
Blanking Amplifier Q209 (diagram 4) is turned on, and
current of opposite polarity to the unblanking signal
current is drawn through R92. The unblanking signal
current is completely cancelled, and additional current is
drawn from the emitter current available to Q93. Less
current flows through Q93, and the collector voltage
rapidly rises toward the +40-V supply voltage level. This
increase in collector voltage is limited to +4.9 V plus the
forward-bias drop across CR94. Diode CR100 becomes
reverse biased, and signal current to Q100 is shut off,
thereby eliminating chopping switching transients from the
display.

External Z-Axis signals are also applied on the chop
blanking line via R210 (diagram 4). These signals either
add or subtract from the unblanking signal current. The
algebraic sum of all the signal current inputs determines
the overall trace intensity on the crt.

The BEAM FIND switch (diagram 3) acts on the Z-Axis
Amplifier in two ways. First, the unblanking signal current
level is raised enough to drive the Q93 emitter positive
with respect to the base, and Q93 becomes reverse biased.
Thus all signal inputs to the Z-Axis Amplifier are over-
ridden. Secondly, the BEAM FIND switch grounds the left
end of R91 in the collector circuit of Q93. A fixed level
of current flows through R91 into the collector circuit of
Q93 and on through CR100 to the base of Q100. This fixed
level of current provides a visible trace intensity to aid the
operator in locating the trace position regardless of the
INTEN control setting.

Signal curfent from the collector of Q93 is applied
via CR100 to the input of a high-speed feedback amplifier
at the base of Q100. The feedback amplifier is composed
of Q100, Q107, Q114, Q115, and Q116. The feedback path
includes gain-controlling resistors R101, R102, and R128,
connected between the amplifier output and input at the
base of Q100.

The combination of resistor values and the feedback
circuit arrangement have the effect of a single 20-£2 feed-
back resistor. Given the full-intensity input current of 3 mA,
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the total output-voltage swing may be calculated as 60 V
(3mA x 20 k€2).

Transistor Q100 changes the input signal current to a
signal voltage at the bases of Q107 and Q116. Shunt feed-
back resistor R99 (from the collector to the base of Q100)
holds the gain of Q100 low, and there is minimum collector
voltage swing.

The remaining portion of the Z-Axis Amplifier is divided
into two signal paths: a fast path for the positive-going
leading edges of the unblanking signal, and a fast path for
the negative-going trailing edges. Transistors Q107 and
Q114 provide the positive-going edge amplification. The ac-
coupling capacitor {(C108) between Q107 and Q114
produces a rapid turn on of the trace at the high sweep
speed.

Emitter follower Q107 feeds Q114, connected as a
common-base amplifier. The voltage gain of Q107 is less
than 1, but it has a large current gain. Common-base output
transistor Q114 produces the large voltage swing necessary
to drive the crt intensity grid.

Transistors Q116 and Q115 provide the fast path for
the negative-going edges of the unblanking signal. The
direct coupling between Q116 and Q115 enables them to
also provide the dc and low-frequency amplification of the
unblanking signal.

A clamp circuit composed of CR127, VR123, and C123
limits the Z-Axis positive output voltage to prevent exces-
sive crt intensity. If the output voltage level reaches 82 V,
CR127 begins to conduct. Reference diode VR123 then
limits the output level to +82 V by shunting additional
current to ground. Capacitor C123 bypasses fast crt surges
around VR123.

Z-Axis signal voltage is fed to the crt grid-bias circuit
via R130 and CR130. The signal is coupled to the crt
intensity grid by a dc-restorer circuit that is housed in
High-Voltage Module U130.

DC Restorer

The DC Restorer circuit provides crt control-grid bias
and couples both dc and low-frequency components of the
Z-Axis Amplifier unblanking signal to the crt control grid.
This circuit allows the Z-Axis Amplifier output to control
the intensity of the crt dispaly. The potential difference
between the Z-Axis output and the control grid (about
2 kV) prevents direct signal coupling. Refer to Figure 3-15
during the following circuit description.
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Ac drive to the DC Restorer circuit is obtained from
pin 7 of T167. The voltage on pin 7 is approximately 150 V
peak at 38 kHz. This sinusoidal voltage is coupled through
C136 and R136 into the DC Restorer circuit. Crt Grid
Bias adjustment R140 sets the voltage level on the cathode
of CR140 to approximately +100 V. When the ac-drive
voltage rises to +100 V, CR140 becomes forward biased
and clamps the junction of R135, R134, R136, and CR130
to approximately +100 V.

The Z-Axis Amplifier output signal voltage is applied
to the DC Restorer via R130 and CR130. The Z-Axis signal
voltage level varies between +10 V and +80 V, depending
on the setting of the INTEN control. The ac-drive voltage
will hold CR130 reverse biased until the voltage falls below
the Z-Axis Amplifier output voltage level. At that point,
CR130 becomes forward biased and clamps the junction
of CR130, R134, R135, and R136 to the Z-Axis output
level. The ac-drive voltage is thus clamped on both the
positive and negative peaks to produce an approximate
square-wave signal with a positive dc offset level.

The DC Restorer circuit is referenced to the crt cathode
voltage inside U130. Capacitor C, connected to pin 6 of
U130, initially charges to a level determined by the differ-
ence between the Z-Axis Amplifier output level and the
cathode reference voltage. The charging path is from the crt
cathode, through the DC Restorer components internal
to U130 (diode A, resistor E, and capacitor C) to U130
pin 6; then to R134, CR130, and R130 to the Z-Axis
Amplifier output. Initially, capacitor D (connected to U130
pin 5) will be charged to approximately the same dc level
as on capacitor C.

When the ac-drive voltage starts its positive transition
from the lower clamped level (+10 V to +80 V) toward the
higher clamped level (+100 V), the charge on capacitor C
increases. The additional charge acquired is proportional
to the amplitude of the positive transition of the clamped
ac-drive voltage.

When the clamped ac-drive voltage starts its negative
transition from the upper clamped level back to the lower
clamped level, diode A becomes reverse biased. Diode B
becomes forward biased, and the added charge on capacitor
C is transferred to capacitor D through diode B. The added
charge that is transferred depends on the setting of the
INTEN control, since this control sets the lower clamping
level for the ac-drive voltage.

The added charge also determines the control-grid bias
voltage with respect to the cathode voltage. If more charge
is added to the charge already on capacitor D, the control
grid becomes more negative, and less crt writing-beam
current flows. Conversely, if less charge is added, the
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Figure 3-15. DC Restorer circuit, simplified diagram.

control-grid voltage will become closer to the same
amplitude as the cathode voltage, and more crt writing-
beam current will flaw.

During periods that capacitor C is charging, the crt
control-grid voltage is held constant by the long time-
constant discharge path of capacitor D through resistor F.
Any charge that is leaked off capacitor D during the posi-
tive transitions of the ac-drive voltage will be replaced by
capacitor C when the ac-drive voltage makes its negative
transitions.

The fast-rise and fast-fall transitions of the unblanking
pulses are coupled to the crt control grid through capacitor
D to U130 pin 9. The fast-path signal starts the crt writing
beam toward the new intensity level. The DC Restorer
output level then follows the Z-Axis output voltage level
to set the new bias voltage for the crt control grid.

Neon lamps DS196 and DS197 prevent arcing in the crt
if the potential on either the control grid or the cathode is
lost for any reason.

LOW-VOLTAGE POWER SUPPLY

The Low-Voltage Power Supply circuit, shown on
schematic diagram 10, includes five regulated supplies to
provide the operating power for this instrument. Regulation
provides stable, low-ripple output voltages. Two unregu-
lated output voltages are supplied for circuit applications
where regulation is unnecessary.

Power Input

Ac-source power is supplied to the primary of trans-
former T900 through Line Fuse F900, POWER switch
S903, and Line Voltage Selector switch S901. LINE
VOLTAGE SELECTOR switch S901 connects the split
primaries of T900 either in parallel (for 115-V nominal
operation) or in series {for 230-V nominal operation).
Line Fuse F900 value is selected to provide the protection
required for each nominal ac-source voltage. Refer to
“Replaceable Electrical Parts” list of this manual for
correct fuse values.
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Secondary Circuits

The following power supplies are series-regulated
supplies: +5V, -5V, +10V, —10V, and +40 V. Ampli-
fiers U237, U3A, U3B, UBA, and U8B are two-channel,
high-gain amplifier cells with differential inputs. These
amplifiers monitor variations in the output voltages and
supply correction information to the series-regulating
transistors. The +40-V supply is the reference voltage
source for the remaining supplies, and its output must be
correct to enable the other supplies to operate within their
regulating limits.

Current-limiting circuits provide short-circuit protection
for each of the regulated supplies. The following descrip-
tion applies only to the +40-V current-limiting circuit; the
other current-limiting circuits operate in a similar manner.

In the +40-V supply, Q239 is normally biased off.
Under normal power-supply-loading conditions, the base
voltage of Q239 is about +40 V. When additional power-
supply loading occurs, the supply current increases, and the
voltage drop across R246 (in the emitter circuit of Q246)
increases. The increasing emitter voltage level is coupled
through the base of Q246 to a voltage divider (composed
of R244 and R245) thereby causing the base of Q239 to
go more positive. If the +40-V supply is loaded down
sufficiently, Q239 will turn on. The collector of Q239
then moves in the negative direction, and Q244 and Q246
begin turning off to limit the output current. Even though
the supply is limited, transistor Q246 will continue to
conduct current in order to produce enough voltage drop
across R246 to keep Q239 biased on. The limited output
voltage can be any value between the supply’s regulated
value and zero, depending on the extra load current it is
trying to supply (see Figure 3-16). The current-limiting
transistors for the other supplies are as follows:

On the Positive Regulator circuit board (A12):

Limiting
Supply Transistor
+10V Q9
+5 V Q16

On the Negative Regulator circuit board (A11):

Limiting
Supply Transistor
-5V Q9
—-10V Q21

334
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Figure 3-16. Foldover circuit action.

Figure 3-16 also illustrates the action of the current-
limiting (foldover) circuit. At point A, Q239 begins con-
ducting. At point B, the supply is directly shorted to
ground through a milliammeter.

In the event that a power supply problem occurs, service
jumpers (circuit number prefix is W) may be removed to
isolate the supply from the load. In this manner, the
problem can be narrowed to either a loading condition or
a malfunction in the supply involved.

Short-circuit protection for each of the power supplies
is also provided by fuses located in each secondary winding
of the power transformer.

The unregulated +40 V is supplied to the High-Voltage
Oscillator circuit, and the unregulated —5 V is used in the
Fan Inverter circuit.



A sample of the ac-voltage waveform (present in the
secondary of T900) is provided as the Line Trigger signal
from a voltage-divider network composed of R257 and
R258 from P714 pin 7 to ground.

FAN CIRCUIT

The Fan motor in this instrument is a three-phase,
brushless motor. A three-phase inverter circuit, shown on
schematic diagram 8, provides drive to the three motor-
field windings.

Fan motor speed is controlled by the emitter voltage of
Darlington transistor Q289. As ambient temperature
changes, a voltage-dividing network (composed of RT295,
R295, and R296) in the base lead of Q289 varies the
amount of forward bias on Q289. A temperature increase
causes the resistance of thermistor RT295 to decrease,
thus increasing the forward bias on Q289. The available
current supply to each of the three inverter stages increases,
causing the switching frequency to increase and drive the
Fan motor at a faster speed. Conversely, a temperature
decrease will cause the Fan motor to go slower.

The three-phase inverter consists of three basically
identical driver sections. However, resistors R265, R273,
and R284 in each driver input have different resistance
values. Each of these resistors is in parallel with one of
three equal-value capacitors: C265, €273, and C284
respectively. These parallel RC combinations produce a
slightly different time-constant circuit to each of the three
driver circuits to ensure that the start-up sequence is in
the correct order for proper direction of Fan rotation.

Only one of the driver sections is on at any one time.
Negative feedback to the other sections holds them off
during the period of time that the conducting stage is
supplying field current to the Fan motor. As the fan
rotates, a voltage is induced in its windings. This voltage is
fed back to the “off"” sections of the inverter. When the
feedback voltage reaches the ““on’ switching level of the
next inverter stage to be turned on, the transistor being
turned on (Q267, 0281, or Q288) causes a voltage drop
on the emitters of the other two transistors on the common
supply bus. This voltage drop completes the turn off of
the on transistor and holds the remaining transistor off.

Typical collector, base, and emitter waveforms of the
operating circuit are illustrated in Figure 3-17.
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Figure 3-17. Typical waveforms in the Fan Motor three-stage
inverter circuit.

CALIBRATOR

The Calibrator circuit, shown on schematic diagram 8,
produces an accurate 0.2-V peak-to-peak square-wave out-
put that is useful for checking the instrument’s vertical
deflection accuracy and for compensating voltage probes.
This circuit consists of a dual-feedback, astable multi-
vibrator circuit followed by a transistor output amplifier.
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Multivibrator

The astable multivibrator is composed of U238 and asso-
ciated components. The basic multivibrator circuit com-
prises U238D and the parallel arrangement of U238A,
U238B, U238C, and U238E. Added components (U238F,
R245 and R239 form a second feedback path that elimi-
nates the effect of varying threshold levels found between
CMOS devices of the same type. The duty cycle of the sym-
metrical square-wave signal thus produced is virtually inde-
pendent of variations in threshold levels.

Nominal frequency of oscillation is 1 kHz, and it is deter-
mined by the RC time constant of feedback components
R244 and C244. The resistance and capacitance value of
R244 and C244 are selected to account for stray and input
capacitance of the circuit.

A second negative-feedback path around U238D is pro-
vided by inverter U238F. The negative-feedback signal is
added to the inverted U238F threshold voltage and injected
into U238D through R239. The gain of U238F is set to can-
cel the effect of the U238 threshold level on the duty cycle.

Inverters U238A, U238B, U238C, and U238E are con-
nected in paraltel to supply the output drive to Q250.

CAUTION

Integrated circuit U238 is a CMOS device and is sub-
fect to static discharge damage. See the “Mainte-
nance” section of this manual for handling of static-
sensitive components.

Output Amplifier

The square-wave output from the multivibrator switches
output transistor Q250 between cutoff and saturation. Dur-
ing the periods that Q250 is cutoff, the highly accurate +40
V collector-supply voltage is divided down by precision re-
sistors R250, R252, and R253 to produce a 0.2-V peak sig-
nal amplitude at the front-panel AMPL CAL output terminal.
When transistor Q250 is conducting, the collector voltage
(and the AMPL CAL output voltage) drops to near 0 V, thus
producing a zero-to-peak calibrator signal of +0.2 V.

DELTA TIME

A Delta Time Logic circuit, contained in the lid of the
instrument, provides the time-measuring capability of the
2336. In the A TIME position of the B Trigger SOURCE
switch, two intensified zones will appear on the A INTEN
HORIZ MODE Sweep display. These two zones mark the
timing set by the B DELAY TIME POSITION control and
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the A TIME POSITION control. An A/D Converter circuit
converts the voltage output of the two controls into the
digital signal necessary to drive the Liquid-Crystal Display
(LCD). The equivalent time of the voltage difference, with
appropriate decimal point and scale factor, will be dis-
played in the 3 1/2 digit readout. Refer to schematic
diagram 8 and detailed block diagram Figure 9-5 during the
following discussion.

Prescaling Circuit

The voltage levels from the B DELAY TIME POSITION
and A TIME POSITION controls are applied to a Prescaling
circuit before going to the A/D Converter. This circuit,
shown in Figure 3-18, is required because the equivalent
time of the voltage difference between the two dc levels
is not the same for each A TIME/DIV switch setting. In
other words, 10-division spacing between the two inten-
sified zones for a 1-ms-per-division setting is not the same
at 2 ms or b ms per division. However, the dc-voltage
difference of the outputs of U197A and U197B for a 10-
division spacing is exactly the same in each TIME/DIV
setting.

The Prescaling circuit is a switchable voltage divider
that produces the correct equivalent-time voltage for each
A TIME/DIV switch setting. The switching sequence is set
up in groups of three positions (see Table 3-1). As an
example of the Prescaling circuit switching, consider the
group of 20 ms, 10 ms, and 5 ms. A full 10-division dif-
ference at 20 ms per division is 200 ms, while it is 100 ms
at 10 ms per division and only 50 ms at 5 ms per division.
To obtain the correct equivalent-time voltage for each range
to be applied to the A/D Converter, the voltage divider
must be switched. Enabling voltages from the A TIME/DIV
switch are applied to CMOS switches U216A and U216C in
the correct order to select the correct division factor.

CMOS switches U216A and U216C are connected across
a resistive voltage divider composed of R214, R216, R215,
and R210. When one of the 2" sequence positions (0.2 s,
20 ms, 2 ms, etc.) is selected, the A TIME/DIV switch
applies the enabling voltage to U216A at pin 10. The
junction of R214 and R216 is then connected to the
output line to the A/D Converter. This point in the divider
produces a division factor of two.

The full-scale voltage difference from the B DELAY
TIME POSITION and A TIME POSITION controls is 4 V.
The Prescaling voltage divider reduces this level to the A/D
Converter full-scale input voltage of 2 V.

A “1” sequence A TIME/DIV switch position (0.1 s, -
10 ms, 1 ms, etc.) applies the enabling voltage to CMOS
switch U216C pin 11. CMOS switch U216A has the
enabling voltage removed, so it switches back to internally
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Table 3-1
PROM U38 Logic Table

U38 Input Address U38 Output Data A SEC/DIV Setting
A4 A3 A2 A1 A0 O8 07 06 05 04 03 O2 O1
0 0 0 0 0 0 1 0 0 0 0 0 05s
0 0 0 0 1 0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0 0 0 0 0.2s 0.1s 50 ms
0 0 0 1 1 1 0 0 0 1 0 1
0 0 1 0 0 1 0 0 0 0 1 0 0 20ms 10 ms 5ms
0 0 1 0 1 1 0 0 0 1 0 1
0 0 1 1 0 0 1 0 0 1 0 0 2ms 1ms 0.5ms
0 0 1 1 1 0 0 1 0 0 1 0 1
0 1 0 0 0 0 1 0 0 1 0 0.2ms 0.1 ms 50 us
0 1 0 0 1 1 0 0 0 1 1
0 1 0 1 0 1 0 0 0 0 0 1 0 20us 10 us 5us
0 1 0 1 1 1 0 0 0 0 1 1
0 1 1 0 0 0 1 0 0 0 1 0 2us Tus 0.5 us
0 0 1 0 0 1 0 0 0 1 1
0 1 1 1 0 0 1 0 0 0 1 0 0.2 us 0.1 us 0.05 us
0 1 1 1 1 0 0 1 0 0 0 1 0
1 0 1 1 0 0 0 0 0 0 0 0 0 UNCAL
z y X w Auto RDP CDP LDP NC NC m u Auto

Range Range

connect pin 2 to pin 15. With U216C switched, the
junction of R216 and R215 is connected to the output line
via both U216C and U216A. This point in the voltage
divider produces a division factor of four.

No enabling voltage is applied to either U216C or
U216A in the “5* sequence positions (50 ms, 5 ms, 0.5 ms,
etc.) of the A TIME/DIV switch. CMOS switch U216C
internally connects pin 12 to pin 14, and the junction of
R215 and R210 is connected to the output line via U216C
and U216A. This connection point produces a division
factor of eight for the input signal.

The circuit composed of Q222, Q213, and associated
components shunts a small compensating current away
from the voltage divider for sweep speeds from 5 us/division
through 0.5 s/division. When the A SEC/DIV switch is set to
.05 us division through 2 ps/division, +10 V is applied to the
base of Q222 either through R223 or R224. Transistor
Q222 becomes forward biased and -10 V is applied to the
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gate of Q213 to bias it off. This removes the shunting resis-
tance of R212 from across R214 and improves the linearity
for the faster time measurements.

A/D Converter

The prescaled voltage difference between the B DELAY
TIME POSITION and A TIME POSITION controls is
applied to pins 30 and 31 of U10, a 3 1/2 digit A/D Con-
verter (diagram 11). The digital output from the A/D
Converter drives the segments of the Liquid-Crystal Display.

Positive supply voltage to U10 is developed by Opera-
tional Amplifier U2 which is referenced back to U10
pin 30, the negative input pin. The developed voltage
maintains a constant difference between the signal voltage
applied to pin 30 and pin 1 (the positive supply input pin).
The action of this circuit reduces linearity errors in the A/D
Converter that would occur if large common-mode voltages
were allowed to approach a fixed positive supply voltage
level. The negative supply is less sensitive to common-mode
voltages and is fixed at —10 V.
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Figure 3-18. Simplified diagram of the Delay Time Switching and Prescaling circuit.
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An Auto Ranging circuit selects one of two reference
voltage levels to apply to the A/D Converter Hl reference
voltage input pin U10 pin 36. Part of the A/D Converter
digitizing process compares the reference voltage with the
input voltage being measured. The selected reference
voltage is applied to U10 pin 36 via U9C, a CMOS switch
controlled by the Auto Range bit.

Auto Range Bit

The Auto Range bit is decoded from the segment drive
output data of A/D Converter U10. The decoded bit
becomes the Aj bit applied to PROM U38. This PROM is
addressed on its remaining input pins by the A TIME/DIV
switch to provide the data that drives the scale factors and
decimal points of the LCD. The A0 bit controls the Auto
Range circuit. If the prescaled input voltage to the A/D
Converter is large (due to a larger time difference between
the B DELAY TIME and A TIME control settings), the A0
bit will be decoded as a 0 logic level (LO). From Table 3-1,
it can be seen that whenever A0 is a1, the O1 output data
from U38 is also a 1 except for the three fastest settings of
the A SEC/DIV switch.

From the U38 O1 output pin, the logic level is applied
to the Auto Range circuitry to control both the integrating
resistors (R15 and R16) and HI reference levels to the A/D
Converter. In addition to auto ranging the A/D Converter,
the Auto Range bit addresses data from PROM U38 that
automatically switches the decimal point in the LCD
readout to the appropriate location in the display.

Auto Range Bit Decoder

Output drive for the byg; and f; segments and the 1 digit
(K segment) from the A/D Converter is logically compared to
determine the necessity to either uprange or downrange the
A/D Converter. The particular segments tested are chosen
so that when logically compared in the decoder circuitry
(shown in diagram 11), the overrange and underrange A/D
Converter outputs are detected.

The drive for the b; and gz segments and the 1 digit are
applied to exclusive-OR gates along with the BP (Back
Plane drive) signal. Whenever the segment drive is 180° out
of phase with the 60-Hz, square-wave BP signal, that seg-
ment is illuminated in the display. The f; segment drive is
applied to exclusive-OR gate U22D along with the inverted
BP signal (inverted by U40C). The logic combination of the
b, and g; segments is obtained from OR gate U23A, and the
logic combination of the g3 segment and the 1 digit is ob-
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tained from OR gate U23D. The output of U23D is further
combined with the f; segment through OR gate U23C.

The Auto Range circuit will uprange when the output
from U23A goes LO. This condition occurs when both the by
and the g, segments are off. These segments are off simul-
taneously only when the A/D Converter over-ranges. In
overrange, the 1 digit is turned on and the remaining seg-
ments are turned off.

Downranging occurs when the output of U23C goes LO.
The output of U23C will go LO when the f; segment is on
and both the 1 digit and the g; segment are off. This occurs
when the second digit displayed is a 0 and the first digit is
off.

The decoder output logic levels applied to the + (plus)
inputs of U25B and U25C are derived from the floating
supply voltage developed by U2. These levels follow the
input voltage that is applied to U10 pin 30 to be measured.
Comparators U25B and U25C are used to compare the logic
levels with the floating supply common level. The output
signals from U25B and U25C are then used to develop the
proper logic levels for use in the TTL circuits that follow.

The output of comparators U25B and U25C switches
between high impedance for a Hl input and —10 V fora LO
input. In the output of U25B, a voltage divider composed
of R25 and R27 reduces the voltage levels at pin 1 of U32A
to TTL logic levels. An output of —10 V from U25B
produces an input to U32A of approximately 0 V. When
the output of U25B is a high impedance, the input of U32A
is pulled HI through R27 to the +5-V supply. Segment
switching transients are filtered by a capacitor (C25) that
is connected from U32A pin 1 to ground.

in the output of U25C, added components are used to
slow down the switching time when downranging occurs.
This added time ensures that the output signals from A/D
Converter U10 have all settled and that the Auto Range
circuit will not switch back and forth between uprange and
downrange during the transistion period.

When the output of U25C is open, CR30 is forward
biased and C30 quickly charges to the U32 HI switching
level. Thus, the circuit allows an uprange to occur rapidly.
However, when the output of U25C switches to —10 V,
CR30 is reverse biased and C30 must discharge down to
the LO switching threshold through R30. The high
resistance value of R30 produces a longer time constant
for discharging, thereby ensuring that the U10 segment
output drive signals have settled.
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Cross-coupled NAND gates U32A and U32D form a
latch circuit that holds the A0 input to PROM U38 at a
constant potential between uprange and downrange switch-
ing points. Buffer UB5E supplies the required drive current
to the U38 Ao input pin.

Scale Factor Switching Matrix

The scale factor for the readout is determined by the
A SEC/DIV switch setting. A diode decoding matrix,
shown in diagram 11, uses eight positions of the A SEC/
DIV switch to produce either a Hl or a LO on the matrix
output lines (w, x, y, and z). The output of the matrix
forms a four-bit address (part of the five-bit address applied
to the Scale Factor Decoder PROM, U38).

In addition to controlling the scale factor, the diode
matrix produces an output to blank the LCD display when-
ever the X-Y Mode is selected, whenever the SEC/DIV
VAR control is out of its detent, and when the HORIZ
DISPLAY switch is set to A.

The A SEC/DIV switch positions are divided into seven
groups of three positions each and one switch position
(0.5 s) by itself (see diagram 7) to establish the switching
points of the scale-factor display. As an example of the
decoder operation, assume that the A SEC/DIV switch is
set to 0.5 ms per division. In this case, +10 V is applied
from the A SEC/DIV switch (diagram 7) to the anodes of
CR316 and CR317 in the diode matrix (diagram 11).
Diodes CR316 and CR317 become forward biased. On the
output lines, CR357 (w) and CR3b4 (x) become reverse
biased. Both the y and z output line diodes {CR360 and
CR362 respectively) remain forward biased from the —5 V
applied to their cathodes through pull-down resistors.

With the w and x diodes reverse biased, the signal lines
connected to their anodes are allowed to go HI through
pull-up resistors R374 and R371 to the +10-V supply
potential. The four-bit address decoded is therefore 0011.
The address levels are applied to four additional switching
diodes in the B SOURCE select line (CR67 for w, CR62 for
x, CRbE5 for y, and CR71 for z). Both CR67 and CR62 will
become forward biased while CR55 and CR71 will remain
reverse biased. The additional switching diodes are used to
allow the B SOURCE select lines to be bidirectional. The
scale-factor information passes in one direction, and the
B SOURCE select information passes in the opposite
direction on the signal lines.

The logic levels produced are buffered by UB5A, B, C,
and D and then applied to the address inputs (A1 through

A4) of PROM U38. The output data from the address
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selected (0011) may be determined from the logic listing
for U38 in Table 3-1.

Scale Factor Decoder PROM

The A0 through A4 bits applied to the input pins of
PROM U38 address memory locations within the PROM.
Each addressed location produces a different data output
on the PROM output pins (see Table 3-1 for the U38
logic table). The 02, 03, OG' 07, and 08 output bits
drive the LCD scale factors and decimal points. The O1
output bit controls the Auto Ranging circuit for upranging
and downranging A/D Converter U10.

LCD Scale Factor Driver

Output data from U38 is first applied to comparators
U25D and U39A, B, C, and D. The comparators convert
the TTL logic level outputs from U38 back into floating
logic levels required to drive the LCD. The segment drive
voltages are referenced to the input voltage being measured
by the A/D Converter, and the scale factors and decimal
points must use the same reference level. Therefore, each of
the comparator outputs is returned to the A/D Converter
positive supply voltage level through pull-up resistors. When
a particular scale factor or decimal point is selected for
display, a Hi is placed on one input pin of the associated
exclusive-OR gate. With a HI on one pin, the Back Plane
signal on the other input produces an inverted, out-of-phase
output signal (see Figure 3-19). As indicated previously,
when the driven segment is 180° out of phase with the BP
signal, that segment is on.

When a scale factor or decimal point is not to be dis-
played, a LO is placed on input pin of the associated
exclusive-OR gate. The BP signal then produces an in-phase
output signal, and that scale factor or decimal point is not
displayed.

The “s" is switched on or off by the z input signal to
PROM U38. When the z signal line is LO (as it is except for
UNCAL-and blanked conditions), U32C inverts the level
to a HIl at pin 5 of comparator U25A. The HI is converted
to the correct voltage level at the output of U25A to
produce a Hl on pin 9 of exclusive-OR gate U42C. As
before, when one pin of the gate is held HI, the BP signal
produces an inverted (out-of-phase) signal, and the *“s*
in the LCD display is illuminated.

“UNCAL" is displayed whenever the VAR SEC/DIV
control is out of the detent position. The z input line to
PROM U38 is pulled HI from the Scale-Factor Diode
Switching Matrix. Inverter U32C changes the HI to a LO



that is applied to U40A pin 2, and the inverted Back Plane
signal is applied to U40A pin 1. The resulting output sigr_lil_
from exclusive-OR gate U40A is in phase with the BP
signal on pin 1, and “UNCAL" is displayed in the LCD
readout. In addition, all of the decimal points and scale
factors will remain unilluminated.

SCALE FACTOR ON

PROM
OUTPUT 1

BP
INPUT

GATE
OUTPUT

SCALE FACTOR OFF

PRGM
CUTPUT o
LO

BP
INPUT

GATE
OUTPUT

4118-44

Figure 3-19. Exclusive-OR gate switching action.
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The display is blanked except when a time measurement
display mode is in use. The TRIG MODE control must be
set to A TIME, the HORIZ MODE switch must be set to
either A INTEN or B, and the X-Y display mode must be
disabled before the LCD will be illuminated.

Blanking is accomplished when both the y and z input
lines to PROM U38 are forced HI. The two signal lines
are connected to a NAND gate (U32B) that controls one
section of CMOS switch U9B. When both the y and the z
lines are HI, the output of U32B goes LO, and two things
happen: first, the —10-V supply line to A/D Converter U10
is opened to shut that device off; and second, the —10 V is
applied to the comparators at the output of PROM U38 to
ensure that the display is blanked.

Setting the y and z signal lines HI is accomplished via
different pairs of switching diodes for each of the pre-
viously mentioned blanked conditions. For each of the
B SOURCE switch positions except A TIME, +5 V is
applied via CR51 and CRb52 to the y and z signal lines
prior to the signal-line buffer amplifiers (U55C and U55D).
The +5 V pulls the lines HI to activate NAND gate U32B
and blank the display.

When X-Y display mode is selected, the X-Y Enable
signal (+5 V) is applied to a pair of diodes {CR319 and
CR334) in the Scale Factor Diode Switching Matrix. Diodes
CR319 and CR334 are forward biased, and the +b V is
fed to CR360 on the y signal line and CR362 on the z
signal line. Both CR360 and CR362 are then reverse biased,
removing the —b-V pull-down voltage from the y and z
signal lines. The signal lines are then pulled HI by the base
bias voltage of U365B and U365D. As before, with a HI
on both the y and z signal lines, the LCD is blanked.

Similarly, when the A HORIZ MODE is selected, +5 V is
applied to diodes CR330 and CR323. The +5-V level is
applied to CR360 and CR323 to reverse bias them as before
and again the LCD is blanked.
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Section 4—-2336 Service

PERFORMANCE CHECK PROCEDURE

INTRODUCTION

The “‘Performance Check Procedure’ is used to verify
the instrument’s Performance Requirements as listed in
the ““Specification’ (Section 1) and to determine the need
for readjustment. These checks may also be used as an
acceptance test and as a preliminary troubleshooting aid.

This procedure does not check every facet of instrument
operation; rather it is concerned with those portions of the
2336 that are essential to measurement accuracy. Removing
the instrument’s cover is not necessary to perform this
procedure. All checks are made using the operator-
accessible front- and rear-panel controls and connectors.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 4-1 is a complete
list of the equipment required to accomplish both the
“Performance Check Procedure’ in this section and the
“Adjustment Procedure’ in Section 5. Test equipment
specifications described in Table 4-1 are the minimum
necessary to provide accurate results. Therefore, equipment
used must meet or exceed the listed specifications. Detailed
operating instructions for test equipment are not given
in this procedure. If more operating information is
required, refer to the appropriate test equipment instruc-
tion manual.

When equipment other than that recommended is used,
control settings of the test setup may need to be altered.
If the exact item of equipment given as an example in
Table 4-1 is not available, first check the ‘“Purpose’’ column
to verify use of this item. If it is used for a check that is
of little or no importance to your measurement require-
ments, the item and corresponding steps may be deleted.
If the check is important, use the “Minimum Specification”
column carefully to determine if any other available test
equipment might suffice.

PERFORMANCE CHECK INTERVAL

To ensure instrument accuracy, check its performance
after every 2000 hours of operation or once each vyear, if
used infrequently.

LIMITS AND TOLERANCES

The limits and tolerances given in this procedure are
valid for an instrument that has been calibrated at an
ambient temperature between +20°C and +30°C, is oper-
ating at an ambient temperature between —15°C and
+55°C (unless otherwise noted), and has had a warm-up
period of at least 20 minutes. The stated limits and
tolerances are instrument specifications only if they are
listed in the “Performance Requirements” column of the
“Specification’’ (Section 1). Tolerances given are applicable
to the 2336 and do not include test-equipment error.

SPECIAL FIXTURES

Special fixtures are used only where they simplify the
test setup and procedure. These fixtures are available from
Tektronix, Inc. and can be ordered by part number through
your local Tektronix Field Office or representative.

PREPARATION

Test equipment items 1 through 17 in Table 4-1 are
required to accomplish a complete Performance Check.
Specific items of equipment required to perform each
subsection in this procedure are listed at the beginning of
the subsection. The item number shown in parentheses
with each piece of equipment refers to the equipment item
number presented in Table 4-1.

Before performing this procedure, ensure that the LINE
VOLTAGE SELECTOR switch is set for the ac-power-input
source voltage being used (see ‘“‘Preparation for Use’ in
Section 2). Connect the test equipment and the instrument
to be checked to an appropriate ac-power-input source.

This procedure is structured in subsections to permit
checking individual sections of the instrument whenever a
complete Performance Check is not required. At the begin-
ning of each subsection is a list of all the front-panel
control settings required to prepare the instrument for
performing Step 1 in that subsection. Each succeeding
step within a subsection should then be performed both in
the sequence presented and in its entirety to ensure that
control-setting changes will be correct for ensuing steps.
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Table 4-1
Test Equipment Required

Item No. and
Description

Minimum
Specification

Purpose

Examples of Suitable
Test Equipment

1. Test Oscilloscope with
10X probe and 1X
probe (1X probe is
optional accessory)

Bandwidth: dc to 100 MHz.
Minimum deflection factor:
5 mV/div. Accuracy: £3%.
Dual trace. Probe: 10X scale-
factor switching.

Power supply ripple check.
Crt Z-axis compensation.
Vertical gain adjustment.
Trigger holdoff check.

a. TEKTRONIX 465B
Oscilloscope with 2
(included) 10X probes.

b. TEKTRONIX P6101
Probe (1X). Part Number
010-6101-03.

2. Calibration Generator

Standard-amplitude accuracy:
+0.25%. Signal amplitude:

2 mV to 50 V. Output signal:
1-kHz square wave. Fast-rise
repetition rate: 1 to 100 kHz.
Rise time: 1 ns or less. Fast-
rise signal amplitude: 100 mV
to 1 V. Aberrations: £2%.
Flatness: £0.5%. High-
amplitude output: variable

to 60 V; supplying at least

10 mA.

Vertical checks and adjust-
ments. Trigger view checks
and adjustments. X-gain
adjustment. Z-axis check.

TEKTRONIX PG 506
Calibration Generator.?

3. Sine-Wave Generator

Frequency: 350 kHz to above
100 MHz. Output amplitude:

variable from 0.5 to 5.5 V p-p.

Output impedance: 50 £2.
Reference frequency: 50 to

350 kHz. Amplitude accuracy:

constant within 3% of refer-
ence frequency as output
frequency changes.

Vertical centering checks and
adjustments. Bandwidth and
isolation checks. Trigger
checks and adjustments.

X-Y phase difference check.
X-Y bandwidth check.

TEKTRONIX SG 503
Leveled Sine-Wave
Generator.?

4, Time-Mark Generator

Marker outputs: 2 ns to 0.5 s.
Marker accuracy: £0.1%.
Trigger output: 1 ms to

0.1 us, time-coincident with
markers.

Crt Y-axis and geometry
adjustments. Horizontal
timing checks and adjust-
ments.

TEKTRONIX TG 501 Time-
Mark Generator.?

5. 50-02 Signal Pickoff

Frequency response: 50 kHz
to 100 MHz. Impedance: 50 £2
for signal input, signal output,
and trigger output.

Trigger checks and adjust-
ments.

TEKTRONIX CT-3 Signal
Pickoff. Part Number 017-
0061-00.

6. Cable (2 required)

Impedance: 50 2. Length:
42 in. Connectors: bnc.

Signal interconnection.

Tektronix Part Number
012-0057-01.

7. Adapter

Connectors: bnc male-to-
miniature probe tip.

Signal interconnection.

Tektronix Part Number
013-0084-01.

8. Dual-Input Coupler

Connectors: bnc female-to-
dual-bnc male.

Vertical checks. Trigger
checks and adjustments.
X-Y phase check.

Tektronix Part Number
067-0525-01.

?Requires a TM 500-series power-module mainframe.
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Table 4-1 (cont)

Item No. and
Description

Minimum
Specification

Purpose

Examples of Suitable
Test Equipment

T-Connector

Connectors: bnc.

Signal interconnection.

Tektronix Part Number
103-0030-00.

10.

10X Attenuator

Ratio: 10X. Impedance:
50 2. Connectors: bnc.

Vertical compensation. Vert-
ical bandwidth check. Trigger
adjustments.

Tektronix Part Number
011-0059-02.

11. 65X Attenuator Ratio: 5X. Impedance: 50 Q. | Vertical compensation. Tektronix Part Number
Connectors: bnc. Trigger adjustments. 011-0060-02.
12. 2X Attenuator Ratio: 2X. Impedance: 50 £2. | Vertical compensation. Tektronix Part Number
Connectors: bnc. Trigger adjustments. 011-0069-02.
13. Termination Impedance: 50 2. Signal termination. Tektronix Part Number
(2 required) Connectors: bnc. 011-0049-01.
14. Precision Cable Impedance: 50 £2. Length: Signal interconnection. Tektronix Part Number
36 in. Connectors: bnc. 012-0482-00.
15. Adapter Connectors: GR-to-bnc male. | Signal interconnection. Tektronix Part Number
017-0064-00.
16. Adapter Connectors: GR-to-bnc Signal interconnection. Tektronix Part Number
female. 017-0063-00.
17. Low-Frequency Frequency: 60 Hz to 1 kHz. Low-frequency trigger checks. | TEKTRONIX FG 502
Generator Output amplitude: variable Function Generator.?
from 30 mV to 4 V p-p.
18. Variable Auto- Capable of supplying 1.6 A Power-supply regulation General Radio WSWT3VM
transformer over a range of 108 to 132 V. | check. Variac Autotransformer.
19. Digital Voltmeter Range: 0to 140 V. Dc voltage | Low-voltage power supply TEKTRONIX DM 501A
accuracy: *0.15%. 4 1/2-digit | checks and adjustments. Crt Digital Multimeter.2
display. grid bias adjustment. Vertical
and horizontal centering
adjustments.
20. DC Voltmeter Range: 0 to 2500 V, cali- High-voltage power supply Triplett Model 630-NA.
brated to 1% accuracy at check.
—1960 V.
21. Screwdriver Length: 3-in shaft. Adjust variable resistors. Xcelite R-3323.
Bit size: 3/32 in.
22. Shorting Strap Power supply adjustment.
23. Low-Capacitance Length: 1-in shaft. Adjust variable capacitors. J.F.D. Electronics Corp.

Alignment Tool

Bit size: 3/32 in.

Adjustment Tool Number
5284.

aRev:|uires a TM 500-series power-module mainframe.
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VERTICAL

Equipment Required (see Table 4-1):

10X Probe (part of Item 1)
Calibration Generator (Item 2)
Leveled Sine-Wave Generator (Item 3)
Two 50-82 BNC Cables (Item 6)
BNC-to-Probe-Tip Adapter (Item 7)
Dual-Input Coupler (ltem 8)

BNC T-Connector {ltem 9)

10X Attenuator (ltem 10)

65X Attenuator (Item 11)

2X Attenuator (Item 12)

Two 50-2 BNC Terminations (Item 13)
Precision 50-£2 BNC Cable (Item 14)
Low-Frequency Generator (ltem 17)

2336 CONTROL SETTINGS

POWER

CRT
INTEN

FOCUS

Vertical (Both Channels)

VERTICAL MODE
POSITION
VOLTS/DIV
VOLTS/DIV VAR
AC-GND-DC

CH 2 INVERT

BW LIMIT

ON (button in}

As required for visible
trace
Best focused display

CH 1

Midrange

Em

Calibrated detent

GND

Normal (button out)
Full bandwidth (button
out)

Trigger (A and B, if applicable)

COUPLING
LEVEL

SLOPE

SOURCE

Mode

TRIG HOLDOFF
(PUSH) VAR

Sweep

HORIZ MODE
A and B SEC/DIV
TIME (PULL) VAR

B DELAY TIME
POSITION

A TIME POSITION
X10 MAG
POSITION

AC

Midrange

+

VERT MODE
AUTO

Off (in detent)

A

1 ms (knobs locked)
Pulled out and in
calibrated detent

Fully counterclockwise
Fully counterclockwise
Off (button out)
Midrange

1. Check Trace Alignment and Astigmatism

a. Position the baseline trace to the center horizontal
graticule line.

b. CHECK—Trace is parallel with the center horizontal
graticule line. If necessary, readjust the TRACE ROTA-
TION potentiometer (front-panel screwdriver adjustment)
to align trace exactly with the center horizontal graticule
line.

¢. CHECK—AIl portions of the trace are well defined
and uniform over its entire length. If necessary, readjust
the ASTIG potentiometer (front-panel screwdriver
adjustment).

2. Check ALT Mode Operation
a. Set:

A and B SEC/DIV 50 ms (knobs locked)
VERTICAL MODE ALT
A TRIGGER SOURCE EXT

b. Use the CH 1 and CH 2 Vertical POSITION controls
to separate the two traces about 2 divisions apart.

c. CHECK-—Sweep alternates in all positions of the A
and B SEC/DIV switch.

NOTE

At sweep speeds of 2 ms per division or faster, the
trace alternations occur too rapidly to be seen..
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3. Check CHOP Mode Operation

a. Set:

A and B SEC/DIV 1 us
VERTICAL MODE CHOP

A TRIGGER SOURCE VERT MODE

b. Use the CH 1 and CH 2 Vertical POSITION controls
to separate the two traces about 4 divisions apart.

c. Adjust the A TRIGGER LEVEL control for a stable
display of the CHOP frequency.

d. CHECK-Period of one cycle is 2.8 to 5.2 us (approxi-
mately 4 horizontal divisions).

4, Check CH 2 INVERT Trace Shift
a. Select CH 2 VERTICAL MODE.

b. Position the trace to the center horizontal graticule
fine.

c. Pressin the CH 2 INVERT push button.

d. CHECK—Trace shift is 0.4 division or less when
switching between normal (button out) and invert (button in).

e. Return the CH 2 INVERT push button to normal
(button out).

5. Check CH 1 Attenuator Balance

a. Set:

VERTICAL MODE CH1
CH 1 VOLTS/DIV 0.1
CH 1 AC-GND-DC DC
A and B SEC/DIV 1ms

b. Position the trace to the center horizontal graticule
line.

c. Set CH 1 VOLTS/DIV to 50 m.

d. CHECK—For 0.2 division or less trace shift from the
center horizontal graticule iine.

6. Check CH 2 Attenuator Balance

a. Set:

VERTICAL MODE CH 2
CH 2 VOLTS/DIV 0.1
CH 2 AC-GND-DC DC

b. Position the trace to the center horizontal graticule
line.

c. Set CH 2 VOLTS/DIV to 50 m.

d. CHECK—For 0.2 division or less trace shift from the
center horizontal graticule line.

7. Check Vertical POSITION Range and Centering
a. Set:

CH 1 VOLTS/DIV 10m
A TRIGGER LEVEL Fully clockwise

b. Connect the leveled sine-wave generator output to
the CH 2 OR Y input via a precision 50-§2 cable and a 50-Q2
termination. Set the generator frequency to 50 kHz and
adjust the output for a vertical display of 4.8 divisions.

¢c. Set CH 2 VOLTS/DIV to 10 m.

d. CHECK—Top of display can be positioned down to
the center horizontal graticule line and bottom of the
display can be positioned up to the center horizontal
graticule line.

e. Move the signal to the CH 1 OR X input.

f. Select CH 1 VERTICAL MODE.

g. Repeat part d for CH 1.

8. Check BEAM FIND Operation
a. Push in and hold the BEAM FIND push button.

b. CHECK—Compressed display is visible regardless of
the settings of the following controls:

CH 1 POSITION
INTEN
Horizontal POSITION
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c. Return both the Horizontal POSITION and the
INTEN controls to midrange.

d. Set CH 1 AC-GND-DC switch to GND.

e. While still holding in the BEAM FIND button,
vertically position the trace to the center horizontal grati-
cule line.

f. Release the BEAM FIND button.

g. CHECK—Trace remains in the graticule area.

h. Return CH 1 AC-GND-DC switch to DC and dis-
connect the test equipment.

9. Check CH 1 and CH 2 DC Accuracy
a. SetCH 1 VOLTS/DIV to 5 m.

b. Connect a 20-mV standard-amplitude signal to the
CH 1 OR X input connector via a 50-£2 cable. Do not use
a termination.

c. CHECK—CH 1 dc accuracy is within the limits
(Vertical Deflection) given in Table 4-2.

d. Repeat part ¢ for each CH 1 VOLTS/DIV switch
setting and corresponding standard-amplitude signal in
Table 4-2.

e. Select CH 2 VERTICAL MODE and set CH 2
VOLTS/DIV switch to 5.

f. Move the signal to the CH 2 OR Y input connector.

g. CHECK—CH 2 dc accuracy is within the limits given
in Table 4-2.

h. Repeat part g for each CH 2 VOLTS/DIV switch
setting and corresponding standard-amplitude signal in
Table 4-2. For greater efficiency, reverse the order of
checks (from bottom to top).

Performance Check Procedure—2336 Service

Table 4-2
DC Accuracy Limits
VOLTS/DIV Standard Vertical

Switch Amplitude Deflection 3% Accuracy

Setting Signal (Divisions) (Divisions)
5m 20 mV 4 3.881t04.12
10m 50 mV 5 4.85105.15
20m 0.1V 5 4.851t05.15
50 m 0.2v 4 3.88104.12
0.1 0.5V 5 4.851t05.15
0.2 1.0V 5 4.8510 5.15
0.5 20V 4 3.881t04.12
1 5.0V 5 4.851t05.15
2 10.0V 5 4.851t05.15
5 200V 4 3.88104.12

10. Check CH 1 and CH 2 VOLTS/DIV VAR
Range

a. Set:
VOLTS/DIV (both) bm
AC-GND-DC (both) DC

b. Change the generator output to 10 mV.

c. CHECK—Display increases to at least 5 divisions
when the CH 2 VOLTS/DIV VAR control is rotated to
its extreme clockwise rotation.

d. Move the signal to the CH 1 OR X input connector
and select CH 1 VERTICAL MODE.

e. CHECK—Repeat part c using the CH 1 VOLTS/DIV
VAR control.

f. Return both VOLTS/DIV VAR controls to their
calibrated detents and disconnect the input signal.

11. Check CH 1 and CH 2 Input Gate Current

a. Set both CH 1 and CH 2 AC-GND-DC switches
to GND.
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b. CHECK—For 0.5 nA or less (0.1 division or less)
vertical shift in display while switching CH 1 AC-GND-DC
switch from GND to AC.

c. Select CH 2 VERTICAL MODE.

d. CHECK—For 0.5 nA or less (0.1 division or less)
vertical shift in display while switching CH 2 AC-GND-DC
switch from GND to AC.

12. Check ADD Mode Operation

a. Set:
AC-GND-DC (both) DC
VERTICAL MODE ADD

b. Connect a 10-mV standard-amplitude signal to both
the CH 1 and CH 2 input connectors via a 50-£) cable and
a dual-input coupler.

c. CHECK—Displayed
divisions in amplitude.

signal is approximately 4

13. Check CH 1 and CH 2 Gain Balance
a. Pressin CH 2 INVERT push button.

b. CHECK—Displayed vertical amplitude is approxi-
mately zero division.

c. Return the CH 2 INVERT push button to normal
(button out) and disconnect the test equipment.

14. Check Vertical Low-Frequency Compensation
a. Set:

VERTICAL MODE CH1
A and B SEC/DIV 0.2 ms (knobs locked)
VOLTS/DIV (both) 10m

b. Connect a 1-kHz fast-rise, positive-going, square-wave
signal to the CH 1 OR X input connector via a 50-2 cable,
‘a 10X attenuator, and a 50-£2 termination.

c. Adjust generator output to obtain a b5-division
display. Adjust the A TRIGGER LEVEL control for a
stable triggered display.
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d. CHECK—Rolloff or overshoot is within 3% (+0.15
division) at each of the generator frequencies and cor-
responding SEC/DIV switch settings listed in Table 4-3.

e. Move the signal to the CH 2 OR Y input connector
and select CH 2 VERTICAL MODE.

f. CHECK—Repeat part d for CH 2.

g. Disconnect the input signal.

Table 4-3
Low-Frequency Compensation Setup
Calibration Generator SEC/DIV
Frequency Switch Setting
1 kHz 0.2 ms
10 kHz 20 us
100 kHz 2 us

15. Check CH 1 and CH 2 VOLTS/DIV
Compensation

a. Set both A and B SEC/DIV to 0.2 ms (knobs locked).

b. Connect a 10X probe to the CH 2 OR Y input.

c. Connect a 1-kHz high-amplitude, square-wave signal
through a 2X, 5X, or 10X 50-Q attenuator (depending on
generator output amplitude) to a 50-§2 termination that is
connected to a bnc-to-probe-tip adapter. Insert the probe
tip into the probe-tip adapter.

d. Adjust the generator output and select attenuators
as necessary to obtain a b-division display.

e. Adjust probe compensation for the best flat-top
waveform.

NOTE

Do not readjust probe compensation during the
remainder of this step.



f. CHECK—Rolloff or overshoot of the waveform is
within 3% (£0.15 division) at all settings of the VOLTS/
DIV switch between 5 m and 5. Add or remove attenuators
and/or termination as required and adjust the generator
output amplitude as necessary to maintain a 5-division
display at each VOLTS/DIV switch setting.

g. Move the test setup to the CH 1 OR X input con-
nector and select CH 1 VERTICAL MODE.
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17. Check Signal Isolation

a. Set:

CH 1 VOLTS/DIV 0.5

CH 2 VOLTS/DIV 10m
VERTICAL MODE CH 1
AC-GND-DC (both) DC

A TRIGGER SOURCE VERT MODE

h. Repeat part f for CH 1.

i. Disconnect the test setup.

16. Check CH 1 and CH 2 Transient Response

a. Set:

VERTICAL MODE
A and B SEC/DIV
VOLTS/DIV (both)
A TRIGGER SLOPE

CH 2

0.5 us (knobs locked)
bm

+ (button out)

b. Connect a 100-kHz fast-rise, positive-going, square-
wave signal via a 50-Q cable, a 10X attenuator, and a 50-Q
termination to the CH 2 OR Y input connector. Set the gen-
erator output for a 5-division vertical display.

c. Vertically center the display using the CH 2
POSITION control.

d. CHECK—Flat-top waveform is within 3% (4.85 to
5.15 divisions).

e. Repeat parts ¢ and d for each of the following CH 2
VOLTS/DIV switch settings: 10 m, 20 m, 50 m, 0.1 and
0.2. Adjust the generator output and select attenuators as
necessary to maintain a 5-division display at each VOLTS/
DIV switch setting.

f. Disconnect the test signal from the CH 2 OR Y input
connector. Re-connect the 10X attenuator (if previously re-
moved) and reduce the generator amplitude to minimum.

g. Set VERTICAL MODE to CH 1 and connect the test

signal to the CH 1 OR X input connector. Set the generator
output amplitude for a 5-division vertical display.

h. Vertically center the display using the CH 1 POSI-
TION control.

i. CHECK—Repeat parts d and e for CH 1.

j. Disconnect the test setup.
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b. Connect a 25-MHz leveled sine-wave signal to the
CH 1 OR X input connector via a precision 50-§2 cable
and a 50-{2 termination.

c. Adjust generator for an 8-division vertical display.

d. Select CH 2 VERTICAL MODE.

e. CHECK—Display amplitude is 4 divisions or less.

f. Move the test setup to the CH 2 OR Y input
connector.

g. Set:

CH 1 VOLTS/DIV 10m
CH 2 VOLTS/DIV 0.5
VERTICAL MODE CH 1

h. CHECK—Display amplitude is 4 divisions or less,

i. Disconnect the test setup.

18. Check CH 1 and CH 2 Bandwidth
a. Set:
A and B SEC/DIV 0.2 ms (knobs locked)

A TRIGGER LEVEL Fully clockwise
CH 1 VOLTS/DIV 5m

b. Connect a 50-kHz leveled sine-wave signal to the
CH 1 OR X input connector via a precision 50-8 cable,
a 10X attenuator, and a 50-§2 termination.

c. Set generator output for a vertical display of 5
divisions; then change its output frequency to 100 MHz.
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d. CHECK—Display amplitude is 3.5 divisions or greater.

NOTE

Attempting to check the VOLTS/DIV settings
beyond 0.5 will exceed the power-handling capability
at the 50-Q) termination and the output power of the
recommended calibration equipment.

e. Repeat parts ¢ and d for all CH 1 VOLTS/DIV
switch settings from 5 m to 0.5. Adjust generator output
amplitude and either add or remove attenuators as
necessary to maintain a 5-division, 50-kHz reference-signal
display.

f. Move the leveled sine-wave signal to the CH 2 OR'Y
input connector and select CH 2 VERTICAL MODE.

g. Repeat parts ¢ and d for all CH 2 VOLTS/DIV switch
settings from 0.5 to 5 m. Adjust the generator output and
either add or remove attenuators as needed to maintain a
5-division, 50-kHz reference-signal display.

h. Disconnect the test setup.

19. Check Trigger View Gain
a. Set:

A and B SEC/DIV 0.2 ms (knobs locked)
A TRIGGER COUPLING DC

A TRIGGER SOURCE EXT

A TRIGGER LEVEL Midrange

b. Connect a 0.2-V standard-amplitude signal to the A
EXT input connector via a 50-§2 cable. Use no termination.

c. While holding in the TRIG VIEW push button, use
the A TRIGGER LEVEL control to vertically center the
displayed signal.

d. CHECK—Display signal amplitude is 2 divisions
+40% (1.2 divisions to 2.8 divisions) while holding in the
TRIG VIEW push button.

e. Set the A TRIGGER SOURCE switch to EXT+10
and change the generator output to 2 V. While holding
in the TRIG VIEW push button, use the A TRIGGER
LEVEL control to vertically center the displayed signal.

f. CHECK—Display signal amplitude is 2 divisions *40%
(1.2 divisions to 2.8 divisions) while holding in the TRIG
VIEW push button.

g. Disconnect the test signal.

20. Check Trigger View Centering
a. Set the A TRIGGER SOURCE switch to EXT.

b. Connect a 1-kHz sine-wave signal to the A EXT
input connector via a 50-2 cable. Use no termination.

c. While holding in the TRIG VIEW push button, set
the generator output to obtain a 4-division vertical display
and use the A TRIGGER LEVEL control to vertically
center the displayed signal.

d. CHECK—Start of sweep is within =1 vertical division
of the center horizontal graticule line.

e. Disconnect the test signal.

21. Check Trigger View Low-Frequency
Compensation

a. Set:

A and B SEC/DIV
A TRIGGER SLOPE

0.1 ms (knobs locked)
+ (button out)

b. Connect a 1-kHz high-amplitude, square-wave signal
to the A EXT input connector via a 50-Q cable, a 10X
attenuator, and a 50-Q termination.

c. While holding in the TRIG VIEW push button, set
the generator output for a 4-division vertical display and
use the A TRIGGER LEVEL control to vertically center
the displayed signal.

d. CHECK—Square-wave leading edge has less than 20%
rolloff or overshoot (3.2 to 4.8 divisions), while holding
in the TRIG VIEW push button.

e. Set the A TRIGGER SOURCE switch to EXT+10.
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f. While holding in the TRIG VIEW push button, adjust
the generator output for a signal display of 4 vertical
divisions and use the A TRIGGER LEVEL control to
vertically center the displayed signal.

g. CHECK—Square-wave leading edge has less than 20%
rolloff or overshoot (3.2 to 4.8 divisions) while holding
in the TRIG VIEW push button.

h. Disconnect the test signal.

22. Check Trigger View High-Frequency
Compensation

a. Set:

A TRIGGER SOURCE EXT
A and B SEC/DIV 0.2 us (knobs locked)

b. Connect a 100-kHz fast-rise, positive-going, square-
wave signal to the A EXT input connector via a 50-82
cable and a 50-£2 termination.

¢. While holding in the TRIG VIEW push button, adjust
the generator output for a signal display of 2 vertical divi-
sions and use the A TRIGGER LEVEL control to vertically
center the displayed signal.

d. CHECK—Square-wave front-corner overshoot or
rolloff is less than 20% (1.6 to 2.4 divisions) while holding in
the TRIG VIEW push button.

e. Disconnect the test setup.
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c. Use the CH 2 POSITION control to vertically center
the trace on the graticule and use the Horizontal POSITION
control to center the rising portion of the signal on the
center vertical graticule line.

d. While holding in the TRIG VIEW push button, adjust
the generator output for a 5-division vertical display of the
Trigger View signal.

e. Adjust the CH 2 VOLTS/DIV and VAR controls to
match the amplitude of the displayed signal to the
amplitude of the Trigger View signal.

f. While holding in the TRIG VIEW push button, use
the A TRIGGER LEVEL control to vertically center the
Trigger View display. Use the CH 2 POSITION control to
vertically center the CH 2 display.

g. CHECK—Time difference between the CH 2 and
Trigger View signals (by alternately pressing in the TRIG
VIEW push button and releasing it) is 3 ns £2 ns (0.2 to 1
horizontal graticule division or less).

h. Disconnect the test setup.

24. Check Common-Mode Rejection Ratio
a. Set:

VOLTS/DIV (both) 10m
AC-GND-DC (both) DC
A TRIGGER SOURCE VERT MODE

23. Check Trigger View Delay

a. Set:

VERTICAL MODE CH?2

A and B SEC/DIV 0.05 us

X10 MAG On (button in)
A TRIGGER COUPLING AC

A TRIGGER SLOPE + (button out)
A TRIGGER LEVEL Midrange

A TRIGGER SOURCE EXT

CH 2 VOLTS/DIV 0.1

b. Connect a 100-kHz fast-rise, positive-going square-
wave signal via a 50-Q cable, a 50-Q termination, and a dual-
input coupler to the CH2ORY and A EXT input

connectors.
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CH 2 INVERT Inverted (button in)

b. Connect a b0-MHz, leveled sine-wave signal to the
CH 1 OR X and the CH 2 OR Y input connectors via a
precision 50-£2 cable, a 10X attenuator, a 50-2 termination,
and a dual-input coupler.

c. Set the generator amplitude for a 6-division display.

d. Select ADD VERTICAL MODE.

e. CHECK—Display amplitude is 0.6 division or less.

f. If the check in part e meets the requirement, skip to
part m. If it does not, continue with part g.
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g. Set VERTICAL MODE to display CH 1.

h. Change the generator frequency to 50 kHz and
adjust the output to obtain a 6-division display.

i. Set VERTICAL MODE to ADD.

j. Adjust CH 2 VOLTS/DIV VAR for minimum display
amplitude (best CMRR).

k. Change the generator frequency to 50 MHz.

. CHECK—Display amplitude is 0.6 division or less.

m. Press the CH 2 INVERT button to release it and
disconnect the test setup.
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25. Check Trigger View Bandwidth

a. Set:

VERTICAL MODE CH 1

X10 MAG Off (button out)
A and B SEC/DIV 50 us

A TRIGGER SOURCE EXT

b. Connect a 50-kHz leveled sine-wave signal to the
A EXT input connector via a precision 50-2 cable and
a 50-£2 termination.

c. Press in the TRIG VIEW push button and adjust
the generator output for a 4-division vertical display.
Vertically center the display using the A TRIGGER LEVEL
control.

d. Set the generator output frequency to 80 MHz.

e. CHECK—For a display amplitude of 2.8 divisions
or more with the TRIG VIEW button held in.

f. Disconnect the test setup.
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TRIGGERING

Equipment Required (see Table 4-1):

Leveled Sine-Wave Generator (Item 3)
50-§2 Signal Pickoff (Item 5)

Two 50-Q Cables (ltem 6)

Dual-Input Coupler (Item 8)

10X Attenuator (Item 10)

2X Attenuator (Item 12)

Two 50-§ Terminations (Item 13)
50-Q2 Precision Cable (Item 14)
GR-to-BNC Male Adapter (Item 15)
GR-to-BNC Female Adapter (ltem 16)
Low-Frequency Generator (ltem 17)

2336 CONTROL SETTINGS

POWER

CRT
INTEN

FOCUS

Vertical

VERTICAL MODE
POSITION (both)

CH 1 VOLTS/DIV
CH 2 VOLTS/DIV

VOLTS/DIV VAR (both)

AC-GND-DC (both)
CH 2 INVERT
BW LIMIT

ON (button in)

As required for visible
trace
Best focused display

CH 1

Midrange

10m

0.2

Calibrated detent
DC

Normal (button out)
Full bandwidth
(button out)

Trigger (A and B, if applicable)

COUPLING
LEVEL

SLOPE

SOURCE

Mode

TRIG HOLDOFF
(PUSH) VAR

Sweep

HORIZ MODE
A and B SEC/DIV
TIME (PULL) VAR

B DELAY TIME
POSITION
X10 MAG
POSITION

AC

Midrange

+

VERT MODE
AUTO

Off (in detent)

A

5 ms (knobs locked)
Pulled out and in
calibrated detent

Fully counterclockwise
Off (button out)
Midrange

1. Check A and B Internal Triggering

a. Connect a low-frequency 60-Hz sine-wave signal to
the CH 1 OR X input connector via a 50-§2 cable, a 10X
attenuator, a 2X attenuator, and a 50-2 termination.

b. Adjust the generator output for a 6-division vertical
display.

c. Set the CH 1 VOLTS/DIV switch to 0.2 to obtain a
0.3-division vertical signal display.

d. CHECK—Stable display can be obtained and the
TRIG'D LED is illuminated by adjusting the A TRIGGER
LEVEL control for each of the switch combinations listed
in Table 4-4, except as noted in Table 4-4 footnotes.

Table 4-4
Switch Combinations for A Trigger Checks (CH 1)

A TRIGGER A TRIGGER A TRIGGER
COUPLING SOURCE SLOPE
AC VERT MODE +and —
CH1 —and +
LF REJ2 CH 1 +and —
VERT MODE —and +
HF REJP VERT MODE +and —
CH1 —and +
DC CH 1 +and —
VERT MODE —and +

3Will not trigger at 60 Hz in A HORIZ MODE.
bWiII not trigger at 20 MHz and 100 MHz in A HORIZ MODE.
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e. CHECK—Stable display cannot be obtained for any
position of the A TRIGGER COUPLING switch excep-
tioned in Table 4-4.

f. Set the A TRIGGER COUPLING switch to AC and
obtain a stable display using the A TRIGGER LEVEL
control.

g. Set HORIZ MODE to B.

h. CHECK—Stable display can be obtained by adjusting
the B TRIGGER LEVEL control for each of the switch
combinations listed in Table 4-5.

Table 4-5
Switch Combinations for B Trigger Checks

B TRIGGER SOURCE

B TRIGGER SLOPE

VERT MODE

+and —

CH1

+and —

i. Move the input signal from the CH 1 OR X input
connector to the CH 2 OR Y input connector.

j. Set:

VERTICAL MODE CH?2
HORIZ MODE A

A TRIGGER SOURCE CH2
B TRIGGER SOURCE CH 2

k. CHECK—Stable display can be obtained and the
TRIG'D LED is illuminated by adjusting the A TRIGGER
LEVEL control for each of the switch combinations listed
in Table 4-6, except as noted.in Table 4-6 footnotes.

Table 4-6
Switch Combinations for A Trigger Checks (CH 2)

AC TRIGGER COUPLING

A TRIGGER SLOPE

AC +and —
LF REJ® —and +
HF REJ® +and —

DC —and +

3Will not trigger at 60 Hz in A HORIZ MODE.
BWill not trigger at 20 MHz and 100 MHz in A HORIZ MODE.
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I. CHECK—Stable display cannot be obtained for any
position of the A TRIGGER COUPLING switch excep-
tioned in Table 4-6.

m. Set the A TRIGGER COUPLING switch to AC and
obtain a stable display using the A TRIGGER LEVEL
control.

n. Set HORIZ MODE to B.

0. CHECK—Stable display can be obtained by adjusting
the B TRIGGER LEVEL with B TRIGGER SLOPE at
either + or —.

p. Disconnect the test equipment from the instrument.

g. Set:

VERTICAL MODE CH 1

CH 1 VOLTS/DIV 10m

HORIZ MODE A

A and B SEC/DIV 0.05 us

A TRIGGER SOURCE VERT MODE
B TRIGGER SOURCE VERT MODE

r. Connect a 10-MHz leveled sine-wave signal to the
CH 1 OR X input connector via a 50-§2 cable and a 50-02
termination.

s. Repeat parts b through o for the 20-MHz signal.

t. Set:

VERTICAL MODE CH1

HORIZ MODE A

X10 MAG On (button in)
A TRIGGER SOURCE VERT MODE
B TRIGGER SOURCE VERT MODE

u. Set the generator to produce a 100-MHz, 1.1-division
vertical display.

v. Repeat parts d through o for the 100-MHz signal.

w. Disconnect the test equipment from the instrument.



2. Check A and B External Triggering and Jitter

a. Set:

CH 1 VOLTS/DIV 10m

X10 MAG Off (button out)
A and B SEC/DIV b ms

A TRIGGER COUPLING AC

A TRIGGER SOURCE EXT

B TRIGGER SOURCE EXT

b. Connect a 60-Hz sine-wave signal to the CH 1 OR X
and the A EXT input connectors via a 50-2 cable, a 10X
attenuator, a 2X attenuator, a 50-{ termination, and a
dual-input coupler.

c. Set the generator output for a b5-division vertical
display.

d. Repeat Step 1, parts k and |.

e. Set the A TRIGGER COUPLING switch to AC and
obtain a stable display using the A TRIGGER LEVEL
control.
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f. Set HOR1Z MODE to B and move the signal from the
A EXT input connector to the B EXT input connector.

g. CHECK—Stable display can be obtained by adjusting
the B TRIGGER LEVEL control with the B TRIGGER
SLOPE switch in either + or —.

h. Remove the 10X attenuator from the test setup and
move the signal from the B EXT input connector to the
A EXT input connector.

i. Set:
CH 1 VOLTS/DIV 0.1
HOR!Z MODE A

A TRIGGER SOURCE EXT+10

j. Repeat Step 1, parts k and 1.

k. Connect the test setup as shown in Figure 4-1.

Tektronix 2336 wowmk: oscuioscore

LEVELED

SINE WAVE

GENERATOR

Q1o ©3¢®ﬂ

0
i
0

%,

Qg
[}

s

| E—

©

[ G—

10X
ATTENUATOR

GR TO BNC
MALE
ADAPTER

CT-3

4118-75

Figure 4-1. Test setup for external trigger and jitter checks.
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. Set:

VERTICAL MODE
VOLTS/DIV (both)

A and B SEC/DIV

A TRIGGER COUPLING
A TRIGGER SOURCE

CH?2

10m

20 us

AC

VERT MODE

m. Set the leveled sine-wave generator for a b0-kHz,

b-division display.

n. Set:

VERTICAL MODE
A and B SEC/DIV
A TRIGGER SOURCE

CH 1
0.05 s
EXT

o. Set the generator to 20 MHz,

p. Move the signal from the CH 2 OR Y input connector

to the A EXT input connector.

g. Repeat Step 1, parts k and 1.

r. Repeat parts e through h of this step.

s. Set:

HORIZ MODE
A TRIGGER SOURCE

A
EXT+10

t. Repeat Step 1, parts k and |.

u. Reconnect the test setup as shown in Figure 4-1.

v. Set:

VERTICAL MODE
VOLTS/DIV (both)

A and B SEC/DIV

A TRIGGER COUPLING
A TRIGGER SOURCE

CH?2

50 m

20 us

AC

VERT MODE

w. Set the leveled sine-wave generator for a 50-kHz,

3-division display.

x. Set:

VERTICAL MODE

A and B SEC/DIV
X10 MAG

A TRIGGER SOURCE

CH1

0.05 us

On (button in)
EXT

y. Set the generator to 100 MHz.

z. Move the signal from the CH 2 OR Y input connector

to the A EXT input connector.

aa. Repeat Step 1, parts k and 1.

ab. Repeat parts e through h of this step.

ac. Set:

HORIZ MODE
A TRIGGER SOURCE

A
EXT+10

ad. Repeat Step 1, parts k and |

ae. Set the A TRIGGER COUPLING switch to AC and
adjust the A TRIGGER LEVEL control for a stable display.

af. CHECK—For less than 0.2 division of horizontal

waveform jitter.

ag. Set the A TRIGGER SOURCE switch to EXT and
reinsert the 10X attenuator into the test setup.

ah. CHECK—For less than 0.2 division of horizontal

waveform jitter.

3. Check NORM Triggering Mode Operation
a. Set the A TRIGGER SOURCE switch to VERT

MODE.

b. Adjust the A TRIGGER LEVEL control for a stable

display.

c. Set the A TRIGGER Mode to NORM.

d. CHECK—Stable display is visible.



e. Set CH 1 AC-GND-DC switch to GND.

f. CHECK—For no visible display.

4. Check SGL SWP Mode Operation

a. Set:

CH 1 AC-GND-DC DC

X10 MAG Off (button out)
A and B SEC/DIV 20 us

b. Adjust the output of the leveled sine-wave generator
for a 50-kHz, 2-division vertical display.

c. Adjust the A TRIGGER LEVEL control until the
display just triggers.

d. Set the CH 1 AC-GND-DC switch to GND.

e. Press in the SGL SWP push button. The READY LED
should illuminate and remain on.

f. Set CH 1 AC-GND-DC switch to DC.

g. CHECK—READY LED goes out and a single sweep
occurs.

NOTE

The INTEN control may require adjustment to
observe the single-sweep trace.

h. Press in the SGL SWP push button several times.

i. CHECK—Single-sweep trace occurs, and READY
LED illuminates briefly every time the SGL SWP push but-
ton is pressed in and released.

j. Disconnect the test setup.
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5. Check A and B External Trigger Ranges
a. Set:

CH 1 VOLTS/DIV 0.5
TRIGGER SLOPE (both) +
TRIGGER SOURCE (both) EXT
A TRIGGER Mode AUTO

b. Connect a 50-kHz sinewave signal to the CH 1 OR X
and A EXT input connectors via a precision 50-£2 cable,
a b0-§2 termination, and a dual-input coupler.

c. Set the generator output for a 4-division vertical
display.

d. CHECK—Display is triggered along the entire positive
slope of the waveform as the A TRIGGER LEVEL control
is rotated.

e. CHECK—Display is not triggered (free runs) at either
extreme of rotation.

f. Set A TRIGGER SLOPE switch to —.

g. CHECK—Display is triggered along the entire negative
slope of the waveform as the A TRIGGER LEVEL control
is rotated.

h. CHECK—Display is not triggered (free runs) at either
extreme of rotation.

i. Move the input signal from the A EXT input
connector to the B EXT input connector.

j. Set:

A TRIGGER LEVEL Fully counterclockwise
HORIZ MODE B

k. Repeat parts d through i for the B Sweep using the
B TRIGGER LEVEL control and the B TRIGGER SLOPE
switch.

|. Disconnect the test setup.
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HORIZONTAL

Equipment Required (see Table 4-1):

Calibration Generator (ltem 2)
Leveled Sine-Wave Generator (ltem 3)
Time-Mark Generator (ltem 4)

50-£2 Cable {Item 6)

Dual-Input Coupler (ltem 8)

50-Q2 Termination (ltem 13)
Precision Cable (ltem 14)
Low-Frequency Generator (ltem 17)

2336 CONTROL SETTINGS

POWER

CRT
INTEN

FOCUS

Vertical (Both Channels)

VERTICAL MODE
POSITION
VOLTS/DIV
VOLTS/DIV VAR
AC-GND-DC

CH 2 INVERT

BW LIMIT

ON (button in)

As required for
visible display
Best focused display

CH1

Midrange

0.2

Calibrated detent
DC

Normal {button out)
Full bandwidth
(button out)

Trigger (A and B, if applicable)

COUPLING
LEVEL

SLOPE

A SOURCE

B SOURCE
Mode

TRIG HOLDOFF
(PUSH) VAR

Sweep

HORIZ MODE
A and B SEC/DIV
TIME (PULL) VAR

B DELAY TIME

POSITION
POSITION
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AC

As needed for a stable
display

+

VERT MODE

VERT MODE

AUTO

Off (in detent)

A

0.05 us (knobs locked)
Pulled out and in
calibrated detent

Fully counterclockwise
Midrange

1. Check A and B Timing Accuracy and Linearity

a. Connect 50-ns time markers from the time-mark
generator via a 50-Q cable and a 50-§) termination to the
CH 1 OR X input connector.

b. Adjust the A TRIGGER LEVEL control for a stable
display and vertically center the display using the CH 1
POSITION control.

c. Use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line.

d. CHECK—The SEC/DIV timing accuracy is within 2%
(0.2 division at the 11th time marker), and linearity is
within 5% (0.1 division over any 2-division portion of the
graticule).

e. Repeat part d for A SEC/DIV switch settings of
0.1 us to 0.5 s given in Table 4-7. Readjust the A TRIG-
GER LEVEL and Horizontal POSITION controls as
necessary.

NOTE

For the A SEC/D/V settings from 50 ms to 0.5 s per
division, watch the time-marker tips only at the Tst
and 11th graticule lines while adjusting the Hori-
zontal POSITION control and checking the timing
accuracy.



f. Set:

X10 MAG
A TRIGGER Mode

On (button in)
AUTO

9. CHECK—The A Magnified timing accuracy and
linearity using the SEC/DIV switch settings and the time-
mark generator settings given in Table 4-7 under the ““X10
MAG" column. At each setting combination, timing must
be accurate to within 3% (0.3 division at the 11th time
marker). When checking accuracy, exclude the first and last
40 ns of the sweep. Linearity must be within 5% (0.1
division) over any 2-division portion of the graticule. When
checking linearity, exclude the first- and last-displayed
divisions for the A and B SEC/DIV switch settings of
0.05 us and 0.1 us.

Table 4-7
Settings for Timing Accuracy Checks
Aand B Time-Mark Generator Output
SEC/DIV

Switch Setting Normal X10 MAG
0.05 us 50 ns bns
0.1 us 0.1 us 10 ns
0.2 us 0.2 us 20 ns
0.5 us 0.5 us 50 ns
1 us Tus 0.1 us
2 us 2 us 0.2 us
5 us b us 0.5 us
10 us 10 us 1 us
20 us 20 us 2 us
50 us 50 us 5 us
0.1 ms 0.1 ms 10 us
0.2 ms 0.2 ms 20 us
0.5 ms 0.5 ms B0 us
1 ms 1ms 0.1 ms
2 ms 2 ms 0.2 ms
5ms 5 ms 0.5 ms
10 ms® 10 ms 1 ms
20 ms® 20 ms 2 ms
50 ms? 50 ms 5 ms

A Sweep Only

0.15° 0.1s 10 ms
0.2s% 0.2s 20 ms
0.5¢° 0.5s 50 ms

3For SEC/DIV switch settings slower than 5 ms, set the A TRIGGER
Mode to NORM.

Performance Check Procedure—2336 Service

h. Set:

HORIZ MODE B

B SEC/DIV 0.05 us

A SEC/DIV 0.1 us

X10 MAG Off (button out)
A TRIGGER Mode AUTO

i. Select b0-ns time markers from the time-mark
generator and adjust the A and B TRIGGER LEVEL
controls (if necessary) for a stable display.

j. CHECK-—Repeat parts d through g for the B Sweep.

2. Check A Time Readout Accuracy

a. Set:

A SEC/DIV 0.2 us

B SEC/DIV 0.05 us
HORIZ MODE A INTEN
A TRIGGER Mode AUTO

B TRIGGER SOURCE A TIME

X10 MAG Off (button out)

b. Select 0.2-us time markers from the time-mark
generator.

c. Use the B DELAY TIME POSITION control to
position the start of one intensified zone to the left of the
second vertical graticule line. Use the A TIME POSITION
control to position the start of the other intensified zone
just to the left of the tenth vertical graticule line (A Time
readout should be about 1.600 us).

d. Set HORIZ MODE to B and use the A TIME
POSITION control to superimpose the time markers.

e. CHECK—A Time readout is within the range of values
specified in Table 4-8 for the SEC/DIV switches and time-
marker settings used.

f. Repeat part e for the remaining A and B SEC/DIV
switch settings and time-marker combinations listed in
Table 4-8. Use the A TIME POSITION control to super-
impose the time markers at each SEC/DIV switch setting
before checking the A Time readout accuracy.
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Table 4-8
A Time Readout Accuracy
A B
SEC/DIV | SEC/DIV
Switch Switch Time A Time
Setting Setting Markers Readout
0.2 us 0.05 us 0.2 us 1.683 usto 1.617 us
0.5 us 0.05 us 0.5 us 3.95 us to 4.05 us
1 us 0.1 us 1 us 7.91 us to 8.09 us
2 us 0.1 us 2 us 15.83 usto 16.17 us
5 us 0.5 us 5 us 39.5 us to 40.5 us
10 us 1 us 10 us 79.1 us to 80.9 us
20 us 1 us 20 us 158.3 usto 161.7 us
50 us 5 us 50 us .395 ms to .405 ms
0.1ms 10 us 0.1 ms .791 ms to .809 ms
0.2 ms 10 us 0.2 ms 1.5683 msto 1.617 ms
0.5 ms 50 us 0.5 ms 3.95 ms to 4.05 ms
1ms 0.1 ms 1 ms 7.91 ms to 8.09 ms
2 ms 0.1 ms 2ms 15.83 ms to 16.17 ms
5 ms 0.5 ms Bbms 39.5 ms to 40.5 ms
10 ms? T ms 10 ms 79.1 ms to 80.9 ms
20 ms® 1ms 20 ms 158.3 ms to 161.7 ms
50 ms® 5ms 50 ms .395 510 .405 s
0.15° 10 ms 0.1s .791510.809 s
0.2s% 10 ms 0.25s 1.683s5t0 1.617 s
0.5¢° 50 ms 05s 3.9551t04.05s

2For SEC/DIV switch settings slower than 5 ms, set the A
TRIGGER Mode to NORM.

3. Check Delay Jitter

a. Set:

A SEC/DIV 1ms

B SEC/DIV 0.5 us
HORIZ MODE A INTEN

b. Select 1-ms time markers from the time-mark
generator.

c. Align the intensified zones with the second time
marker using the B DELAY TIME POSITION and A TIME
POSITION controls.

d. Set HORIZ MODE to B.
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e. Align the rising edges of the time markers with the
center vertical graticule line using the B DELAY TIME
POSITION and A TIME POSITION controls.

f. CHECK—For 1 division or less of horizontal jitter on
the rising edges of the time markers.

g. Rotate the A TIME POSITION control clockwise to
bring each succeeding time marker within the graticule
viewing area (up to a A Time readout of 9 ms) and CHECK
for 1 division or less of pulse jitter on the rising edge of
each time marker.

h. Rotate the B DELAY TIME POSITION control
clockwise to bring each succeeding time marker within
the graticule viewing area (down to a A Time readout of
0 ms) and CHECK for 1 division or less of pulse jitter on
the rising edges of the time markers.

4. Check X10 MAG Registration

a. Set:
HORIZ MODE. A
X10 MAG On (button in)

b. Position the time-marker baseline to the bottom
horizontal graticule line using the CH 1 POSITION control.

c. Use the Horizontal POSITION control to position
the displayed time marker to the center vertical graticule
line.

d. Release the X10 MAG push button (button out).

e. CHECK—Time marker remains centered within 0.2
division of the center vertical graticule line.

5. Check A Sweep Length

a. Use the Horizontal POSITION control to position
the third time marker to the first vertical graticule line.

b. CHECK—Horizontal trace extends at least 0.6
division, but not more than 1.5 divisions, past the 9th
vertical graticule line.



6. Check A SEC/DIV VAR Range
a. Set:

A and B SEC/DIV
TIME (PULL) VAR

2 ms (knobs locked)
Pulled out and in
calibrated detent

b. Select 5-ms time markers from the time-mark

generator.

c. Use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line.

d. CHECK—At least one time marker per division can
be obtained by rotating the TIME (PULL) VAR control
counterclockwise.

e. Return the TIME (PULL) VAR control
calibrated detent.

to its

7. Check A and B Sweep Horizontal POSITION
Range

a. Set:

A and B SEC/DIV
Horizontal POSITION

1 ms (knobs locked)
Fully counterclockwise

b. CHECK—Sweep ends to the left of the center vertical
graticule line.

c. Rotate the Horizontal POSITION control

clockwise.

fully

d. CHECK—Sweep begins to the right of the center
vertical graticule line.

e. Set:

HORIZ MODE B
Horizontal POSITION Fully counterclockwise

REV NOV 1981
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f. Repeat parts b through d for the B Sweep.

g. Disconnect the test equipment from the instrument.

8. Check X-Y Gain

a. Set:

VERTICAL MODE X-Y
VOLTS/DIV (both) 10m
CH 2 AC-GND-DC GND
HORIZ MODE A

b. Connect a 50-mV standard-amplitude signal from the
calibration generator to the CH 1 OR X input connector
via a 50-82 cable.

c. CHECK—For a display of 5 divisions £0.25 division
(4.75 to 5.25 divisions).

d. Disconnect the test setup.

9. Check X-Y Bandwidth

a. Connect a 50 kHz leveled sine-wave signal via a preci-
sion 50-Q cable, and a 50-Q termination to the CH 1 OR X
input connector.

b. Set the generator for a 6-division horizontal display.

c. Without changing the generator amplitude, adjust
generator output frequency to 2 MHz.

d. CHECK—Display is at least 4.2 divisions in length.
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e. Disconnect the test equipment from the instrument.

10. Check X-Y Phase Differential

a. Connect a 200-kHz sine-wave signal to the CH 1 OR
X and CH 2 OR Y input connectors via a 50-§2 cable, a
50-2 termination, and a dual-input coupler.

b. Adjust the generator output amplitude for 6 divisions
of horizontal deflection.

4-22

¢. Set CH 2 AC-GND-DC switch to DC.

d. Vertically center the display using the channel 2 POSI-
TION control, and horizontally center the display using the
horizontal POSITION control.

e. CHECK—Opening is 0.3 division or less, measured
horizontally.

f. Disconnect the test setup.
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EXTERNAL Z-AXIS AND CALIBRATOR

Equipment Required (see Table 4-1):

Calibration Generator (Item 2)
Two 50-£2 Cables (ltem 6)

T-Connector (ltem 9)

2336 CONTROL SETTINGS

POWER

CRT
INTEN

FOCUS

Vertical (Both Channels)

VERTICAL MODE
POSITION
VOLTS/DIV
VOLTS/DIV VAR
AC-GND-DC

CH 2 INVERT

BW LIMIT

ON (button in)

As required for visible
trace
Best focused display

CH 1

Midrange

2

Calibrated detent
DC

Normal (button out)
Full bandwidth
(button out)

Trigger (A and B, if applicable)

COUPLING

LEVEL

SLOPE

SOURCE

Mode

TRIG HOLDOFF (PUSH)

Sweep

HORIZ MODE
A and B SEC/DIV
TIME (PULL) VAR

B DELAY TIME
POSITION
X10 MAG
POSITION

REV NOV 1981

AC

Fully clockwise
+ (button out)
VERT MODE
AUTO

Off (in detent)

A

2 ms (knobs locked)
Pulled out and in
calibrated detent

Fully counterclockwise

Off (button out)
Midrange

1. Check External Z-Axis Operation

a. Connect a b5-V standard-amplitude, square-wave
signal to the CH 2 OR Y input connector and to the EXT
Z-AXIS input connector {located on the rear panel) via
a 50-2 T-connector and two 50-{2 cables.

b. CHECK—For noticeable intensity modulation of the
trace when the INTEN control is set for normal-viewing
brightness. Adjust the TIME (PULL) VAR control, if
necessary, to observe the modulation. Return the TIME
(PULL) VAR control to the calibrated detent.

c. Disconnect the test setup.

2. Check AMPL CAL Operation
a. Set:

CH 1 VOLTS/DIV 5m
A and B SEC/DIV 1 ms (knobs locked)

b. Connect the 10X probe (supplied with the 2336)
to the CH 1 OR X input connector. Insert the probe tip
into the AMPL CAL connector.

c. CHECK—For a 4-division vertical display of the
AMPL CAL square-wave signal (square-wave period is typi-
cally 1 ms, within 25%).

d. Disconnect all test equipment.
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ADJUSTMENT PROCEDURE

INTRODUCTION

IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

The “Adjustment Procedure’ is used to return the
instrument to conformance with its “Performance Require-
ments’’ as listed in the “‘Specification’’ (Section 1). These
adjustments should be performed only after the checks in
the “Performance Check Procedure’ (Section 4) have
indicated a need for adjustment of the instrument.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 4-1 is a complete
list of the equipment required to accomplish both the
“Adjustment Procedure’ in this section and the ‘‘Per-
formance Check Procedure’ in Section 4. Test equipment
specifications described in Table 4-1 are the minimum
necessary to provide accurate results. Therefore, equipment
used must meet or exceed the listed specifications. Detailed
operating instructions for test equipment are not given in
this procedure. If more operating information is required,
refer to the appropriate test equipment instruction manual.

When equipment other than that recommended is used,
control settings of the test setup may need to be altered.
If the exact item of equipment given as an example in
Table 4-1 is not available, first check the ““Purpose’” column
to verify use of this item. If it is used for a check or adjust-
ment that is of little or no importance to your measure-
ment requirements, the item and corresponding steps may
be deleted. If the check or adjustment is important, use
the ““Minimum Specification’ column to determine if any
other available test equipment might suffice.

LIMITS AND TOLERANCES

The limits and tolerances stated in this procedure are
instrument specifications only if they are listed in the
“Performance Requirements’”” column of the ‘‘Specifi-
cation’’ (Section 1). Tolerances given are applicable only to
the instrument undergoing adjustment and do not include
test equipment error. Adjustment of the instrument must
be accomplished at an ambient temperature between
+20°C and +30°C, and the instrument must have had a
warm-up period of at least 20 minutes.

PARTIAL PROCEDURES

This procedure is structured in subsections to permit
adjustment of individual sections of the instrument (except
the Power Supply) whenever a complete readjustment is
not required. For example, if only the Vertical section fails
to meet the Performance Requirements (or has had repairs
made or components replaced), it can be readjusted with
little or no effect on other sections of the instrument,
However, if the Power Supply section has undergone
repairs or adjustments that change the absolute value of any
of the supply voltages, a complete readjustment of the
instrument may be required.

At the beginning of each subsection is a list of all the
front-panel control settings required to prepare the instru-
ment for performing Step 1 in that subsection. Each
succeeding step within a subsection should then be per-
formed both in the sequence presented and in its entirety
to ensure that control settings will be correct for ensuing
steps.
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INTERNAL ADJUSTMENTS AND
ADJUSTMENT INTERACTION

Do not preset any internal controls or change the +40-V
Power-Supply adjustment, since that will typically neces-
sitate a complete readjustment of the instrument, when
only a partial readjustment might otherwise be required.
To avoid unnecessary readjustment, change an internal
control setting only when a Performance Characteristic
cannot be met with the original setting. When it is necessary
to change the setting of any internal control, always check
Table 5-1 for possible interacting adjustments that might
be required.

The use of Table 5-1 is particularly important if only a
partial procedure is performed or if a circuit requires
readjustment due to a component replacement. To use this
table, first find the adjustment that was made (extreme
left column). Then move to the right, across the row,
until you come to a darkened square. From the darkened
square, move up the table and check the accuracy of the
adjustment found at the heading of that column. Readjust
if necessary.

Specific interactions are called out within certain adjust-
ment steps to indicate that the adjustments must be
repeated until no further improvement is noted.

PREPARATION FOR ADJUSTMENT

It is necessary to remove the instrument cabinet to
perform the Adjustment Procedure. See the ‘‘Cabinet”
removal instructions located in the “Maintenance’ section
of the manual.
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Before performing this procedure, ensure that the LINE
VOLTAGE SELECTOR switch is set for the ac-power-input
source voltage being used (see ‘‘Preparation for Use” in
Section 2). This procedure is written for the instrument to
be operated from a 115-V ac-power-input source. Operating
from other input-source voltages will require setting the
LINE VOLTAGE SELECTOR switch to the appropriate
setting for the available ac-power-input source.

All test equipment items described in Table 4-1 are
required to accomplish a complete Adjustment Procedure.
The specific items of equipment needed to perform each
subsection in this procedure are listed at the beginning of
the subsection. The item number shown in parentheses
with each piece of equipment refers to the equipment item
number presented in Table 4-1.

Connect the test equipment to an appropriate ac-power-
input source and connect the 2336 to a variable auto-
transformer (ltem 18 in Table 4-1) that is set for 115 V ac.
Apply power and allow a 20-minute warm-up period before
commencing any adjustments.

Display

The most accurate display adjustments are made with a
stable, well-focused, low-intensity display. Unless otherwise
noted, adjust the INTEN, ASTIG, FOCUS, and TRIGGER
LEVEL controls as needed to view the display.

Step and Part Titles

Where possible in this procedure, instrument perform-
ance is checked before an adjustment is made. Steps
containing both checks and adjustments are titled ‘’Check/
Adjust.” Those steps with only checks are titled ““Check.”

If a part is titled “CHECK/ADJUST," first perform a
check to determine whether the instrument meets the
requirement. If it does, the adjustment is not required.
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Table 5-1
Adjustment Interactions

Adjustments or Replacements Made Adjustments Affected I

VERTICAL OUTPUT GAIN
VERTICAL BALANCE

CH1 GAIN
CH2 GAIN
CH1 VAR BAL

A HIGH SPEED TIMING
-CH2 VAR BAL

B HIGH SPEED TIMING
B TIME

CH1 ATTENUATOR BAL
CH2 ATTENUATOR BAL

Y-AXIS ALIGNMENT
+40-V ADJ

TRACE ROTATION
GEOMETRY

CRT GRID BIAS
Z-AXIS COMP

5ns TIMING

X1 HORIZ GAIN
X10 HORIZ GAIN
X-Y GAIN

MAG REGISTRATION
DELAY START

A SLOPE OFFSET
B HYSTERESIS

B SLOPE OFFSET
VERT MODE LEVEL
DC EXT LEVEL

DELAY STOP
A HYSTERISIS

TRACE ROTATION
Y-AXIS ALIGNMENT
GEOMETRY

CRT GRID BIAS
Z-AXIS COMP

5ns TIMING

X1 HORIZ GAIN

X10 HORIZ GAIN

X-Y GAIN

MAG REGISTRATION
A HIGH SPEED TIMING
B HIGH SPEED TIMING
B TIME

DELAY START

DELAY STOP

A HYSTERESIS

A SLOPE OFFSET

B HYSTERESIS

B SLOPE OFFSET
VERT MODE LEVEL
DC EXT LEVEL
VERTICAL OUTPUT GAIN
VERTICAL BALANCE
CH1 GAIN

CH2 GAIN

CH1 VAR BAL

CH2 VAR BAL

CH1 ATTENUATOR BAL
CH2 ATTENUATOR BAL
CRT REPLACEMENT
+40-V ADJ

4118-63A
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INDEX TO ADJUSTMENT
PROCEDURE

Main Power Supply
1. Check/Adjust Power Supply DC Levels,

Regulation, and Ripple (R231)
2. Check High-Voltage Overdrive . . .. ..........

Display and Z-Axis

Check/Adjust CRT Grid Bias (R140). . ... ... ..
Check/Adjust Trace Alignment
Check/Adjust Y-Axis Alignment (R203)
Check/Adjust Geometry (R202). . ...........
Check/Adjust Z-Axis Compensation

{(C101and C128). . . . .. . i e i i

grwn =

Vertical

1. Check Input Coupling Switches
Check ALT Mode Operation . . .............
Check CHOP Mode Operation . . . ...........
Check AUTO Vertical Mode Operation

oo RwWwN

Check/Adjust CH 1 VOLTS/DIV VAR Balance
(R22) and UNCALLED..................
Check/Adjust CH 1 Attenuator Balance (R10) . . .
Check/Adjust CH 2 VOLTS/DIV VAR Balance

© N

(R83) and UNCAL LED. .. ............... -
9. Check/Adjust CH 2 Attenuator Balance (R74) . . .5-

Check/Adjust CH 1 Vertical Output Gain
(R44)
Check/Adjust Vertical Balance (R18) .........
Check/Adjust CH 1 and CH 2 Vertical Gain
(R&7and R114) . . .. .. .. .. o ..
Check CH 1 and CH 2 VOLTS/DIV VAR

11.
12.

13.

Range.......... ... .. . ... ... -

14.
15.
16.
17.
18.

Check CH 1 and CH 2 Input Gate Current

Check/Adjust CH 1 and CH 2 Low-Frequency
Compensation (R66, R73, R31,and R92) . . .. ..
Check/Adjust Vertical Qutput High-Frequency
Compensation {R29, R32, R33, and C36) and

CH 1 and CH 2 Preamplifier High-Frequency
Compensation (R33, C33, R95, and C95)
Check CH 1 and CH 2 Transient Response . . . . . .
Check Bandwidth . . ....................
Check Trigger View Gain . . ...............
Check Trigger View Centering . . . ...........
Check Trigger View Low-Frequency

19.

20.
21.
22.
23.
24,

Compensation. . .. ............ ... -
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MAIN POWER SUPPLY

Equipment Required (see Table 4-1):

Test Oscilloscope with 1X Probe (ltem 1)
Variable Autotransformer (Item 18)
Digital Voltmeter (Item 19)

Screwdriver (Item 21)
Shorting Strap (ltem 22)

2336 CONTROL SETTINGS

LINE VOLTAGE
SELECTOR
POWER

CRT
INTEN

FOCUS

Vertical (Both Channels)
VERTICAL MODE

POSITION
VOLTS/DIV
VOLTS/DIV VAR
AC-GND-DC

CH 2 INVERT
BW LIMIT

Trigger

COUPLING
LEVEL

SLOPE

SOURCE

Mode

TRIG HOLDOFF
(PUSH) VAR

REV FEB 1982

115V
ON (button in)

Minimum (Fully
counterclockwise)
Best focused display

X-Y (CH1and CH 2
buttons in)
Midrange

5m

Calibrated detent
GND

Normal (button out)
Fuli bandwidth
{button out)

AC

As required for stable
display

+ (button out)
VERT MODE

AUTO

Off (in detent)

and

at the back of this manual for test point and adjustment locations.

Sweep

HORIZ MODE A

A and B SEC/DIV 1 ms (knobs locked)

TIME (PULL) VAR Pulled out and in
calibrated detent

B DELAY TIME

POSITION Fully counterclockwise
X10 MAG Off (button out)
POSITION Midrange

1. Check/Adjust Power Supply DC Levels,
Regulation, and Ripple (R231)

NOTE

Review the information at the beginning of this
section before starting this step.

a. Connect the digital voltmeter low lead to chassis
ground and connect the volts lead to the first test point
listed in Table 5-2.

b. CHECK—Voltage reading is within the range given in
Table 5-2.

c. Repeat parts a and b for each test point in Table 5-2.

d. If all voltages are within tolerance, skip to part g.
If they are not, continue with part e.

NOTE

Adjustment of the +40-V Power Supply may require
a complete readjustment of the instrument. Do not
adjust the +40-V Power Supply if it is within
tolerance, unless a complete adjustment procedure is
to be performed.
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Table 5-2
Main Power Supply Tolerances and p-p Ripple

Test Typical
Power Point p-p
Supply (+ Lead) Reading Tolerance Ripple
+40 V TP247 | +39.92 to +0.2% 1mV
+40.08
+10V TP252 | +9.91 to +0.9% 1 mV
+10.09
-10V TP265 | —9.88to *1.2% 1 mV
-10.12
+5 'V TP255 | +4.97 to +0.7% 1 mV
+5.04
-5V TP264 | —4.95to +0.9% 1mV
—5.05
+102 V TP320 | 4+99.4 to +2.5% 1V
+104.6

e. Connect the digital voltmeter low lead to chassis
ground and connect the volts lead to TP247.

f. ADJUST—+40-V Supply (R231) for +40 V and again
CHECK all power supply dc levels according to Table 5-2.

g. Disconnect the voltmeter.

h. Set test oscilloscope controls as follows:

A and B Sec/Div 5ms

Ac-Gnd-Dc (both) Ac

Trigger controls As required for a stable
display

i. Connect the test oscilloscope to the first test point
given in Table 5-2 via a 1X probe and cascaded gain on the
oscilloscope. This will obtain the necessary vertical
resolution for measuring ripple amplitude.

j. CHECK—RIipple amplitude of the dc supply while
varying the autotransformer output voltage between 100 V
and 132 V. Ripple amplitude should be within the typical
value given in Table 5-2.

k. Repeat part j for each test point in Table 5-2.

I. Return the autotransformer output voltage to 115 V
and disconnect the test setup.

2. Check High-Voltage Overdrive

a. Connect the digital voltmeter low lead to chassis
ground and connect the volts lead to TP320 (+102 V sup-
ply). Set the autotransformer to zero output.

b. Connect a shorting strap between TP184 and TP185.

c. CHECK—While slowly increasing the autotransformer
output, that the voltage level increases to 112V = 4V,
then drops to approximately 13 V. Note that a buzzing
sound is heard just before the voltage drops. Reset the
autotransformer for a 115 V output.

d. Set POWER switch to OFF, remove the shorting
strap, and disconnect the voltmeter. Set POWER switch
to ON.
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Adjustment Procedure—2336 Service

DISPLAY AND Z-AXIS

Equipment Required (see Table 4-1):

Test Oscilloscope with 10X Probe (Item 1) Digital Voltmeter (Item 19)
Time-Mark Generator (ltem 4) Screwdriver (ltem 21)
50-Q2 BNC Cable {item 6) Low-Capacitance Alignment Tool (Item 23)

50-§2 BNC Termination (ltem 13)

See at the back of this manual for test point and adjustment locations.
2336 CONTROL SETTINGS Sweep
HORIZ MODE A
A and B SEC/DIV 1 ms (knobs locked)
LINE VOLTAGE TIME (PULL) VAR Pulled out and in
SELECTOR 115V calibrated detent
POWER ON (button in) B DELAY TIME
POSITION Fully counterclockwise
X10 MAG Off (button out)
POSITION Midrange
CRT
INTEN As required for visible
trace
FOCUS Best focused display 1. Check/Adjust CRT Grid Bias (R140)
a. Connect the digital voltmeter low lead to chassis
ground and the volts lead to TP130.
Vertical (Both Channels)
VERTICAL MODE X-Y (CH 1 and CH 2 b. Set the INTEN control for a digital voltmeter reading
. of +20 V.
buttons in)
POSITION Midrange
TS/DIV
\\;gII:ngDIV VAR garribrated detent c. CHECK—Display for a well-defined, low-intensity
AC-GND-DC GND dot. Adjust the FOCUS and ASTIG controls as necessary.
CH 2 INVERT Norma! (button out)
W LIMIT Full bandwidth (butt
B i (button d. ADJUST—CRT Grid Bias (R140) for a dot, then
back off the control until the dot is just visible.
e. Disconnect the test setup.
Trigger
COUPLING AC . .
LEVEL As required for stable 2. Check/Adjust Trace Alignment
display a. Set:
SLOPE + (button out)
SOURCE VERT MODE VERTICAL MODE CH 1
Mode AUTO A and B SEC/DIV 0.5 ms
TRIG HOLDOFF INTEN As required for visible
(PUSH) VAR Off (in detent) trace
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b. Use the CH 1 POSITION control to move the trace
to the center horizontal graticule line.

c. CHECK—Trace is parallel with the center horizontal
graticule line.

d. ADJUST-TRACE ROTATION contro! (front-panel
screwdriver adjustment) to align the trace parallel with the
center horizontal graticule line.

3. Check/Adjust Y-Axis Alignment (R203)
a. Set:

VERTICAL MODE X-Y (CH 1and CH 2

buttons in)
CH 2 AC-GND-DC DC
CH 2 VOLTS/DIV 0.1

CH 2 POSITION Fully counterclockwise

b. Connect 0.5-ms time markers from the time-mark
generator to the CH 2 OR Y input connector via a 50-£2
cable and a 50-£2 termination,

c. Use the Horizontal POSITION control to move the
display to the center vertical graticule line.

d. CHECK—Display for 0.1 division of tilt or less when
compared to the center vertical graticule line.

e. ADJUST-Y-Axis Alignment (R203) to align the
display parallel with the center vertical graticule line.

f. INTERACTION-TRACE ROTATION adjustment.
Repeat Steps 2 and 3 for best display alignment.

4. Check/Adjust Geometry (R202)

a. Set:
VERTICAL MODE CH2
A TRIGGER SOURCE CH 2

A TRIGGER LEVEL For a stable display

b. CHECK—Display for 0.1 division or less of bowing of
the time markers across the graticule area from top to
bottom.
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c. ADJUST—Geometry (R202) for minimum bowing of

the time markers across the graticule area (especially at the
left and right vertical graticule lines).

d. INTERACTION-Y-Axis  Alignment
Repeat Steps 3 and 4 for best display alignment.

adjustment.

e. Disconnect the test setup from the instrument.

5. Check/Adjust Z-Axis Compensation (C101 and
C128)

a. Set:
VERTICAL MODE CH1

A and B SEC/DIV 0.05 us
A TRIGGER LEVEL Fully clockwise

b. Set test oscilloscope controls as follows:

Volts/Div 0.2 V (with 10X probe)
A and B Sec/Div 0.1us
AC-Gnd-DC (both) Dc

Trigger controls As required for a stable

display

c. Connect the 10X probe from the test oscilloscope to
TP127 and connect the probe ground clip to TP92 (GND 2).

d. Adjust the 2336 INTEN control for a 5-division (5-V)
vertical display (on the test oscilloscope) of the unblanking
gate.

e. ADJUST—Z-Axis Compensation (C101), using a low-
capacitance alignment tool, for the best square front corner
on the unblanking pulse displayed on the test oscilloscope.
Also adjust C128 for the best flat top just after the front
corner.

f. CHECK—The p-p aberration is less than =5% (0.25
division).

g. Disconnect the test equipment from the instrument.
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VERTICAL

Equipment Required (see Table 4-1):

Test Oscilloscope with 10X Probe (Item 1)
Calibration Generator (ltem 2)

Leveled Sine-Wave Generator (ltem 3)
Two 50-Q BNC Cables (Item 6)
Bne-to-Probe-Tip Adapter (ltem 7)
Dual-Input Coupler (Item 8)

10X Attenuator (ltem 10)

5X Attenuator (Item 11)

2X Attenuator (Item 12)

Two 50-£2 BNC Terminations (ltem 13)
Precision 50-§2 BNC Cable (ltem 14)
Low-Frequency Generator (ltem 17)
Digital Voltmeter (ltem 19)

Screwdriver (Item 21)

Low-Capacitance Alignment Tool (ltem 23)

See

the back of this manual for test point and adjustment locations.

2336 CONTROL SETTINGS

LINE VOLTAGE
SELECTOR
POWER

CRT
INTEN

FOCUS

Vertical (Both Channels)

VERTICAL MODE
POSITION
VOLTS/DIV
VOLTS/DIV VAR
AC-GND-DC

CH 2 INVERT

BW LIMIT

Trigger

COUPLING
LEVEL

SLOPE

SOURCE

Mode

TRIG HOLDOFF
(PUSH) VAR

REV NOV 1981

115V
ON (button in)

As required for visible
trace
Best focused display

CH1

Midrange

bm

Calibrated detent
DC

Normal (button out)
Full bandwidth
(button out)

AC

As required for stable
display

+ (button out)
VERT MODE

AUTO

Off (in detent)

and

at

Sweep

HORIZ MODE A

A and B SEC/DIV 1 ms (knobs locked)

TIME (PULL) VAR Pulled out and in
calibrated detent

B DELAY TIME

POSITION Fully counterclockwise
X10 MAG Off (button out)
POSITION Midrange

1. Check Input Coupling Switches

a. Connect a 20-mV, standard-amplitude square-wave
signal to the CH 1 OR X input connector via a 50-§) cable.

b. Position the bottom of the display to the center
horizontal graticule line and set the CH 1 AC-GND-DC
switch to GND.

c. CHECK—Trace is at the center horizontal graticule
line with no vertical deflection.

d. Set the CH 1 AC-GND-DC switch to AC.

e. CHECK—Display is centered about the center hori-
zontal graticule line.

f. Set VERTICAL MODE to CH 2 and move the test
signal to the CH 2 OR Y input connector.
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g. Position the bottom of the display to the center
horizontal graticule line and set the CH 2 AC-GND-DC
switch to GND.

h. CHECK—Trace is at the center horizontal graticule
line with no vertical deflection.

i. Set CH 2 AC-GND-DC switch to AC.

j. CHECK-Display is centered about the center hori-
zontal graticule line.

k. Disconnect the test equipment from the instrument.

2. Check ALT Mode Operation
a. Set:
A and B SEC/DIV 50 ms (knobs locked)

VERTICAL MODE ALT
A TRIGGER LEVEL Fully clockwise

b. Position CH 1 and CH 2 traces about 2 divisions apart.

c. CHECK—Sweeps alternate for all A SEC/DIV switch
settings.

NOTE

At sweep speeds of 2 ms per division or faster,
the trace alternations occur rapidly and cannot be
observed.

d. Set HORIZ MODE to B and repeat part ¢ for the
B sweeps.

3. Check CHOP Mode Operation

a. Set:

A and B SEC/DIV 1 us
VERTICAL MODE CHOP
AC-GND-DC (both) GND
A TRIGGER Mode AUTO

A TRIGGER COUPLING AC
A TRIGGER SOURCE VERT MODE
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b. Vertically spread the CH 1 and CH 2 traces about
4 divisions apart using the CH 1 and CH 2 POSITION
controls and adjust the A TRIGGER LEVEL control for a
stable display.

c. CHECK—Vertical switching transients are completely
blanked between horizontal chopped segments for normal
viewing intensity.

d. CHECK—Period of one complete square-wave cycle
is 2.8 to 5.2 us (approximately 4 horizontal divisions).

e. Rotate the A TRIGGER LEVEL control fully
clockwise.

f. CHECK—Two traces are visible for all B SEC/DIV
switch settings.

g. Set HORIZ MODE to A and repeat part f for the
A sweeps.

4. Check AUTO Vertical Mode Operation
a. Set:
AUTO (ALT and CHQOP

buttons in)
0.2 ms

VERTICAL MODE

A and B SEC/DIV

b. Set test oscilloscope controls as follows:

Volts/Div 1V (with 10X probe)
Time/Div 0.5 ms
Ac-Gnd-Dc Dc

As required for a stable
display

Trigger controls

c. Connect a 10X probe from the test oscilloscope to
TP61 (CH 1).

d. Verify that the display is a square-wave signal with
a period of approximately 4.8 ms.

e. Set the A and B SEC/DIV controls to 0.5 ms.

f. CHECK—Display on the test oscilloscope becomes a
square-wave signal with a period of approximately 2 us
(adjust the test oscilloscope Time/Div control as necessary
to view the signal).
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g. Disconnect the test equipment from the instrument.

5. Check BEAM FIND Operation
a. Push in and hold the BEAM FIND push button.

b. CHECK—Display remains entirely in the graticule
area regardless of the settings of the Vertical and Hori-
zontal POSITION controls, with the X10 MAG push button
both in and out.

c. CHECK—Trace intensity remains constant and
visible regardless of the INTEN control setting.

d. Set VERTICAL MODE to CH 1 and center the CH 1
trace both vertically and horizontally while holding in the
BEAM FIND push button.

e. Release the BEAM FIND button.

f. CHECK—Trace remains centered within the graticule
area.

6. Check/Adjust CH 1 Attenuator Balance (R10)

a. Set:
CH 1 VOLTS/DIV 0.1
CH 1 AC-GND-DC DC

b. Position the trace to the center horizontal graticule
line.

c. Setthe CH 1 VOLTS/DIV control to 50 m.

NOTE

CH 1 Attenuator Balance (R10) is adjusted while
the CH 1 VOLTS/DIV control is set to O.1.

d. CHECK/ADJUST—CH 1 Attenuator Balance (R10}
for no discernable trace shift from the center horizontal
graticule line when the CH 1 VOLTS/DIV control is
switched between 0.1 and 50 m.
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7. Check/Adjust CH 1 VOLTS/DIV VAR Balance
(R22) and UNCAL LED

a. Set:

A and B SEC/DIV 1 ms (knobs locked)
VOLTS/DIV (both) 10 m
CH 1 AC-GND-DC GND

b. Position the trace to the center horizontal graticule
line.
c. Rotate the CH 1 VOLTS/DIV VAR control clockwise

out of its calibrated detent.

d. CHECK—UNCAL LED is illuminated.

e. CHECK/ADJUST—-CH 1 Var Balance (R22) for no
discernable trace shift when rotating the VOLTS/DIV VAR
control from fully counterclockwise to fully clockwise.

f. Return the CH 1 VOLTS/DIV VAR control to its
calibrated detent (fully counterclockwise).

8. Check/Adjust CH 2 Attenuator Balance (R74)

a. Set:
CH 2 VOLTS/DIV 0.1
CH 2 AC-GND-DC DC

b. Position the trace to the center horizontal graticule
line.

c. Set the CH 2 VOLTS/DIV controi to 50 m.

NOTE

CH 2 Attenuator Balance (R74) is adjusted while
the CH 2 VOLTS/DIV control is set to O.1.

d. CHECK/ADJUST—CH 2 Attenuator Balance (R74)
for no discernable trace shift from the center horizontal
graticule line when the CH 2 VOLTS/DIV control is
switched between 0.1 and 50 m.
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Adjustment Procedure—2336 Service

9. Check/Adjust CH 2 VOLTS/DIV VAR Balance
(R83) and UNCAL LED

a. Set:

VERTICAL MODE CH2
VOLTS/DIV (both) 10m
CH 2 AC-GND-DC GND

b. Position the trace to the center horizontal graticule
line.

c. Rotate the CH 2 VOLTS/DIV VAR control clockwise
out of its calibrated detent.

d. CHECK—UNCAL LED is illuminated.

e. CHECK/ADJUST—CH 2 Var Balance (R83) for no
discernable trace shift when rotating the CH 2 VOLTS/DIV
VAR control from fully counterclockwise to fully
clockwise.

f. Return the CH 2 VOLTS/DIV VAR control to its
calibrated detent (fully counterclockwise).

10. Check/Adjust Vertical Output Gain (R44)

a. Connect the digital voltmeter leads between TP156
and TP176, set voltmeter scale to 200 mV and adjust the
CH 2 Vertical POSITION control for a voltmeter indication
of O V.

b. Adjust Vertical Balance (R18) to position the trace
on the center horizontal graticule line.

c. Adjust the CH 2 Vertical POSITION control for a
voltmeter indication of 150 mV.

d. ADJUST—Vertical Output Gain (R44) to position the
trace 2 divisions above the center horizontal graticule line.

NOTE

If the trace does not reach exactly 2 full divisions
above the center horizontal graticule line, set R44 to
maximum or minimum to position the trace as closely
as possible to 2 divisions above the center horizontal
graticule line.

e. Disconnect the test equipment from the instrument.
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11. Check/Adjust Vertical Balance (R18)
a. Set the CH 2 AC-GND-DC switch to GND.

b. Rotate the channel 2 POSITION control while alter-
nately pressing in and releasing the CH 2 INVERT button
until a point is reached where there is no trace movement.

¢. CHECK/ADJUST—Vertical Balance (R18) to vertical-
ly position the trace within +0.4 division of the center hori-
zontal graaticule line.

d. Repeat parts b and c as necessary.

12. Check/Adjust CH 1 and CH 2 Vertical Gain
(R47 and R114)

a. Set:

VOLTS/DIV (both) 5m

AC-GND-DC (both) DC

CH 2 INVERT Normal (button out)

b. Connect a 20-mV, standard-amplitude square-wave
signal to the CH 2 OR Y input connector via a 50-£2 cable.

c. CHECK/ADJUST—CH 2 Vertical Gain (R114) for
a display amplitude of 4 divisions *3% (3.88 to 4.12
divisions).

d. CHECK—Dc accuracies are within display limits
at each CH 2 VOLTS/DIV switch setting and standard-
amplitude signal as listed in Table 5-3.

e. Set VERTICAL MODE to CH 1.

f. Set the generator to 20 mV and move the input signal
to the CH 1 OR X input connector.

g. CHECK/ADJUST—CH 1 Vertical Gain (R47) for dis-
play amplitude of 4 divisions 3% (3.88 to 4.12 divisions).

h. CHECK—Dc accuracies are within display limits at
each CH 1 VOLTS/DIV switch setting and standard-
amplitude signal as listed in Table 5-3.

i. Set the generator output for a 10-mV signal.
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Table 5-3
Vertical DC Accuracy Checks
'JOLTS/DIV Standard | Deflection for Display
Switch Amplitude | 3% Accuracy Limits
Setting Signal {divisions) (divisions)
10m 50 mV 5 4.85105.15
20m 0.1V 5 4.851t05.15
50 m 0.2V 4 3.88t04.12
0.1 05V 5 4.851t05.15
0.2 1V 5 4.851t05.15
0.5 2V 4 3.88t04.12
1 5V 5 4.85t05.15
2 ({'AY 5 4.85t05.15
5 20V 4 3.881t04.12
—

13. Check CH 1 and CH 2 VOLTS/DIV VAR

Range
a. Set:
VOLTS/DIV (both) 5m
AC-GND-DC (both) DC

b. Rotate the CH 1 VOLTS/DIV VAR control fully
clockwise.

c. CHECK—Display increases to 5 divisions or more in
amplitude.

d. Move the test signal to the CH 2 OR X input con-
nector and set VERTICAL MODE to CH 2.

e. Rotate the CH 2 VOLTS/DIV VAR control fully
clockwise.

f. CHECK—Display increases to 5 divisions or more in
amplitude.

g. Return both VAR controls to their calibrated detents.

h. Disconnect the test equipment from the instrument.

Adjustment Procedure—2336 Service

14. Check CH 1 and CH 2 Input Gate Current
a. Set both AC-GND-DC switches to GND.

b. CHECK—For 0.1 division or less vertical shift in
display (0.5 nA or less input gate current) while alternating
the CH 2 AC-GND-DC switch between AC and GND.

c. Set VERTICAL MODE to CH 1.

d. CHECK—For 0.1 division or less vertical shift in
display (0.5 nA or less input gate current) while alternating
the CH 1 AC-GND-DC switch between AC and GND.

15. Check ADD Mode Operation

a. Set:
VERTICAL MODE ADD
AC-GND-DC (both) DC

b. Connect a 10-mV, standard-amplitude square-wave
signal to both CH 1 OR X and CH 2 OR Y input connectors
via a 50-£2 cable and a dual-input coupler.

c. CHECK—Display amplitude is 4 divisions 3% (3.88
to 4.12 divisions).

16. Check Compression and Expansion
a. Set:

CH 2 AC-GND-DC GND
VERTICAL MODE CH 1

b. Adjust the CH 1 VOLTS/DIV VAR control (if
necessary) for an exact 2-division vertical display centered
within the graticule area.

c. Position the top of the display to the top graticule
line.

d. CHECK—For display compression or expansion of
0.1 division or less.

e. Position the bottom of the display to the bottom
graticule line.

5-13



Adjustment Procedure—2336 Service

f. CHECK—For display compression or expansion of
0.1 division or less.

g. Return the CH 1 VOLTS/DIV VAR control to its
calibrated detent.

h. Disconnect the test setup from the instrument.

17. Check/Adjust CH 1 and CH 2 Low-Frequency
Transient Response and Compensation (R66, R73,

j- Set generator output to minimum amplitude and move
the test signal to the CH 2 OR Y input connector.

k. Set:

VOLTS/DIV (CH 2)
VERTICAL MODE

A TRIGGER SOURCE
A TRIGGER LEVEL

5m

CH 2

CH 2

For a stable display

I. Vertically center the CH 2 display and repeat parts ¢

R31 and R92)

and e for CH 2. If within tolerance skip to Step 18; if not,
proceed to part m.

m. Reduce generator output to minimum, reinstall the

a. Set:

VERTICAL MODE CHOP
AC-GND-DC (both) DC
VOLTS/DIV (both) 5m

A TRIGGER SOURCE CH 1
A SEC/DIV 1ms

A TRIGGER LEVEL For a stable display

b. Connect a 1-kHz signal from the square-wave gener-
ator’s fast-rise, positive-going output via a precision 50-Q
cable, a X10 attenuator, and a 50-Q termination to the CH 1
OR X input connector.

c. Adjust the generator output to obtain a 5-division ver-
tical display.

d. Position the CH 2 trace on the center horizontal
graticule line, center the CH 1 display, and adjust the A
TRIGGER LEVEL control for a stable display.

e. CHECK—Display overshoot or rounding is within
+3% (4.85 to 5.15 divisions) for each CH 1 VOLTS/DIV
switch setting from 5 m to 0.2 and waveform fiatness is
within £2% (0.1 division) at all settings. Adjust the gener-
ator output and/or remove the attenuator as necessary to
maintain a 5-division vertical display throughout this step. If
not within tolerance proceed to part f; if within tolerance
skip to part j.

f. Set CH1 and CH 2 VOLTS/DIV to 10 m and adjust
the generator output for a 5-division vertical display.

g. Repeat part d.

h. ADJUST —Low-frequency Compensation (R66 and
R73) for no vertical deflection on the CH 2 trace.

i. ADJUST—Low-frequency Compensation (R31) for the
best flat-top square wave on the CH 1 display.
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attenuator, and set CH 2 VOLTS/DIV to 10 m.

n. ADJUST—Low-frequency compensation (R92) for
the best flat-top square wave on the CH 2 display.

0. Repeat all of Step 17 as necessary, then proceed to

Step 18.

18. Check/Adjust CH 1 and CH 2 20 pf
Compensation (C1 and C62 on A10 Board)

a. Reduce generator output to minimum and reinstall the

attenuator.

b. Set:

VERTICAL MODE
VOLTS/DIV (both)

A TRIGGER SOURCE
A TRIGGER LEVEL

CH2

10m

VERT MODE

For a stable display

c. Adjust generator output for a 5-division vertical
display and set A TRIGGER LEVEL for a stable display.

d. Note shape of displayed waveform.

e. Set CH 2 VOLTS/DIV to 0.1 and readjust generator
output for a 5-division vertical display (remove atteuator if

necessary).

f. CHECK—Displayed waveform shape matches that
noted in part d. If so skip to part h, if not proceed to part g.

g. ADJUST—C62 for waveform shape to match the

waveform noted in part d.

h. Set CH 2 VOLTS/DIV to 0.2 and set generator for a 5-
division display. Check that waveform shape matches that
noted in part d. If not, repeat all of Steps 17 and 18. (If still
not correct a circuit malfunction is indicated)
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i. Set generator for minimum output.

j- Move the test signal to the CH 1 or X input connector.
k. Set VERTICAL MODE to CH 1.

I. Repeat parts c through e for channel 1.

m. CHECK—Displayed waveform shape matches the
waveform noted in part d for channel 1. If so, skip to Step
19, if not, proceed to part n.

n. ADJUST—C1 for waveform shape to match the
waveform noted in part d for channel 1.

o. Repeat part h for channel 1.

19. Check/Adjust Vertical Output High-Frequency

Compensation (R29, R32, C33, C36, R39 and C39)

and CH 1 and CH 2 Preamplifier High-Frequency
Compensation (R33, C33, C58, R95, and C95)

a. Set:

VERTICAL MODE CH1

VOLTS/DIV 10m

A TRIGGER SOURCE VERT MODE

A SEC/DIV 1 us

BW LIMIT Full Bandwidth (button out)

b. Set generator for minimum output amplitude and con-
nect a fast-rise, postive-going 100 kHz signal from the
square-wave generator output via a precision 50 @ cable a
10X attenuator and a 50-Q termination to the CH2 ORY
input connector.

c. Adjust the generator output for a b-division vertical
signal display.

d. CHECK—Flat-top display aberrations are within
+3% (0.15 division or less). See Figure 5-1 for a typical
display.

e. ADJUST—Vertical Output Amplifier HF Compensa-
tion (R29, R32, and C33) for the best flat-top display (see
Figure 5-1).

f. Set the A SEC/DIV switch to 0.2us.
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g. ADJUST—Vertical Output Amplifier HF Compensa-
tion (C36) for the best flat-top display (see Figure 5-1).

h. Set the A SEC/DIV switch to 0.5 us.
i. ADJUST—CH 2 Preamp HF Compensation (R95 and

C95) and Vertical Output Amplifier HF Compensation (R39
and C39) for best front corner (see Figure 5-1).

[A15] 1 A15

R39/C39 I R29

I ( | RN L ¥
A10C58 (CH 1)==

1/! A T4

| ! f \ 1 \A1s
A10R33/C33 (CH 1) A15C36 T R32/C33
A10R95/C95 (CH 2) I T

] 1 100kHz |
i ’ 1 SQUARE WAVE
10 T

4116-53A

Figure 5-1. Areas affected by high-frequency compensation
adjustments.

j. Set VERTICAL MODE to CH 1 and move the test sig-
nal to the CH 1 OR X input connector.

k. ADJUST—CH 1 Preamp HF Compensation (R33,
C33 and C58) for best front corner (see Figure 5-1) NOTE:
C58 affects the same area on the waveform as C33 and
R33 do. C58 is located just to the right of Q57 (see AD-
JUSTMENT LOCATIONS 1 and Figure 9-7).

I. INTERACTION—It may be necessary to compromise
the Vertical Output Amplifier and CH 1 Preamp adjustments
made in part k to obtain the best high-frequency match be-
tween CH 1 and CH 2.

20. Check CH 1 and CH 2 Transient Response

a. Set:
VERTICAL MODE CH 1
VOLTS/DIV 5m

b. Set the generator output for a 5-division vertical
display.
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¢. Vertically center the display using the channel 1 POSI-
TION control.

d. CHECK—Flat-top waveform is within +3% (4.85 to
5.15 divisions).

e. Position the top of the display to the bottom horizon-
tal graticule line.

f. CHECK—Flat-top waveform is within £5% (4.75 to
5.25 divisions).

g. Repeat parts ¢ and d for each of the following
CH 1VOLTS/DIV switch settings: 10 m, 20m, 50 m, 0.1
and 0.2. Adjust the generaor output and select attenuators
as necessary to maintain a 5-division display at each
VOLTS/DIV switch settings.

h. Reduce the generator output and set VERTICAL
MODE to CH 2 then move the test signal to the CH2 OR Y
input connector.

i. Repeat parts b through g for CH 2.

j- Set:

VOLTS/DIV (both) 5m

A TRIGGER SLOPE —(button in)

k. Connect a 100 kHz fast-rise, negative-going

squarewave signal from the generator via a precision 50-Q
cable, a 10X attenuator and a 50-Q termination to the
CH 2 ORYY input connector, and adjust the generator out-
put for a 5-division vertical display.

I. Vertically center the display using the CH 2 POSITION
control.

m. CHECK—Flat-bottom waveform is within =5% (4.75
to 5.25 divisions).

n. Position the bottom of the display to the top horizon-
tal graticule line.

0. CHECK—Flat-bottom waveform is within =7% (4.65
to 5.35 divisions).

p. Set VERTICAL MODE to CH 1 and move the test sig-
nal to the CH 1 OR X input connector.
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g. Repeat parts | through o for CH 1.

r. Disconnect the test equipment from the instrument.

21. Check Bandwidth

a. Set:
VERTICAL MODE CH1
A SEC/DIV 0.2 ms

TRIGGER SLOPE + {button out)

b. Connect the leveled sine-wave generator reference-
signal frequency (50 kHz) via a precision 50-£2 cable, a 10X
attenuator, and a 50-§) termination to the CH 1 OR X
input connector.

c. Adjust the generator output for a 5-division vertical
display of the generator reference-signal frequency.

d. Set the generator frequency to 100 MHz; do not
readjust the generator output amplitude.

e. CHECK—Display amplitude is 3.5 divisions or more.

f. Repeat parts ¢, d, and e of this step for the following
positions of the CH 1 VOLTS/DIV switch: 5 m through 1.

g. Set VERTICAL MODE to CH 2 and move the test
signal to the CH 2 OR Y input connector.

h. Repeat parts ¢, d, and e for the following positions
of the CH 2 VOLTS/DIV switch: 5 m through 1.

i. Disconnect the test equipment from the instrument.
22. Check Trigger View Gain
a. Set:

A TRIGGER SOURCE EXT
A TRIGGER LEVEL Midrange

b. Connect a 0.2-V standard-amplitude signal to the A
EXT input connector via a 50-£2 cable. Use no termination.

c. Hold in the TRIG VIEW push button and use the
A TRIGGER LEVEL control to vertically center the
display.

d. CHECK—Displayed signal amplitude is 2 divisions
*40% (1.2 divisions to 2.8 divisions) while holding in the
TRIG VIEW push button.
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e. Set the A TRIGGER SOURCE switch to EXT+10
and change the generator outputto 2 V.

f. CHECK—Repeat parts ¢ and d.

g. Disconnect the test equipment from the instrument.

23. Check Trigger View Centering
a. Set the A TRIGGER SOURCE switch to EXT.

b. Connect a 1-kHz, low-frequency sine-wave signal to
the A EXT input connector via a 50-§2 cable. Use no
termination.

c. Hold in the TRIG VIEW push button and set the
generator output to obtain a 4-division vertical display. Use
the A TRIGGER LEVEL control to vertically center the
display.

d. CHECK—Start of sweep is within =1 vertical division

of the center horizontal graticule line.

e. Disconnect the test equipment from the instrument. '

24. Check Trigger View Low-Frequency
Compensation

a. Set:

Adjustment Procedure—2336 Service

g. Disconnect the test equipment from the instrument.

25. Check Trigger View High-Frequency
Compensation

a. Set:

A TRIGGER SOURCE EXT
A and B SEC/DIV 0.2 us (knobs locked)

b. Connect a 100-kHz fast-rise, positive-going square-
wave signal to the A EXT input connector via a 50-82
cable and a 50-02 termination.

c. Hold in the TRIG VIEW push button and adjust
the generator output for a signal display of 4 vertical
divisions. Use the A TRIGGER LEVEL control to vertically
center the display.

d. CHECK—Square-wave front-corner overshoot or roll-
off is 220% or less (3.2 to 4.8 divisions) while holding in
the TRIG VIEW push button.

e. Disconnect the test equipment from the instrument.

26. Check Trigger View Delay

a. Set:
VERTICAL MODE CH2
A and B SEC/DIV 0.05 us

X10 MAG On (button in)
A TRIGGER COUPLING AC

A and B SEC/DIV
A TRIGGER SLOPE
A TRIG COUPLING

0.1ms (knobs locked)
+ (button out)
DC

A TRIGGER SLOPE
A TRIGGER LEVEL
A TRIGGER SOURCE
CH 2 VOLTS/DIV

+ (button out)
Midrange
EXT

0.1

b. Connect a 1-kHz, high-amplitude square-wave signal
to the A EXT input connector via a 50-Q cable, a 2X
attenuator, and a 50-£2 termination.

c. Hold in the TRIG VIEW push button and set the
generator output for a 4-division vertical display. Use the
A TRIGGER LEVEL control to vertically' center the
display.

d. CHECK—Square-wave leading-edge rolloff or over-
shoot is £20% or less (0.8 division or less) while holding in
the TRIG VIEW push button.

e. Set the A TRIGGER SOURCE switch to EXT+10.

f. CHECK—Repeat parts ¢ and d.
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b. Connect a 100-kHz fast-rise, positive-going square-
wave signal via a 50-Q2 cable, a 50-Q termination and a dual-
input coupler to the CH 2 OR Y input connector and the A
EXT input connector.

¢. Use the CH 2 POSITION control to vertically centér
the trace on the graticule and use the Horizontal POSITION
control to center the rising portion of the signal on the
center vertical graticule line.

d. Hold in the TRIG VIEW push button and adjust the
generator output for a b-division vertical display of the
Trigger View signal. Vertically center the display using the
A TRIGGER LEVEL control.

e. Release the TRIG VIEW push button and adjust the
CH 2 VOLTS/DIV and VAR controls to match the
amplitude of the displayed signal to the amplitude of the
Trigger View signal. Vertically center the CH 2 display
using the CH 2 POSITION control.
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f. CHECK—Time difference between the CH 2 and Trig-
ger View signals (by alternately pressing in the TRIG VIEW
push button and releasing it) is 3 ns +2 ns (0.2 to 1 horizon-
tal graticule division).

g. Disconnect the test equipment from the instrument.

27. Check Trigger View Bandwidth

a. Set:
A and B SEC/DIV 50 us
X10 MAG Off (button out)

b. Connect a leveled sine-wave generator’'s reference
signal frequency via a precision 50-§2 cable and a 50-2
termination to the A EXT input connector.

c. Press in the TRIG VIEW push button and adjust the
generator output for a 4-division vertical display. Center
the display vertically using the A TRIGGER LEVEL
control.

d. Set the generator output frequency to 80 MHz; do
not readjust the generator output amplitude.

e. CHECK—For a display amplitude of 2.8 divisions or
more with the TRIG VIEW button held in.

f. Release the TRIG VIEW push button and move the
test signal from the A EXT input connector to the CH 2
OR Y input connector.

28. Check Channel Isolation

e. Move the test signal to the CH 1 OR X input

connector.
f. Set:

CH 1 VOLTS/DIV

CH 2 VOLTS/DIV
VERTICAL MODE

A TRIGGER SOURCE
A TRIGGER LEVEL

0.5

10m

CH 2

CH 1

As required for stable
display

g. CHECK—CH 2 display amplitude is 4 divisions or

less.

h. Disconnect the test equipment from the instrument.

29. Check Common-Mode Rejection Ratio

a. Set:

VOLTS/DIV (both)

A TRIGGER SOURCE
CH 2 INVERT

10m
VERT MODE
Inverted (button in)

b. Connect a 20-MHz leveled sine-wave signal via a
precision 50-§2 cable, a 10X attenuator, a 50-§ termination,
and a dual-input coupler to the CH 1 OR X and the CH 2

OR Y input connectors.

c. Set the generator amplitude for a 6-division vertical

display.

d. Set VERTICAL MODE to ADD.

e. CHECK—ADD display amplitude is 0.6 division or

less.

f. Press the CH 2 INVERT button to release it, then dis-
connect the test equipment from the instrument.

30. Check Bandwidth Limit Operation

a. Set:

A and B SEC/DIV 0.05 us
CH 1 VOLTS/DIV 10m
CH 2 VOLTS/DIV 0.5
AC-GND-DC (both) DC

b. Change the generator frequency to 25 MHz and
adjust the generator amplitude for an 8-division vertical

display.

c. Set:

VERTICAL MODE
A TRIGGER SOURCE
A TRIGGER LEVEL

CH 1

CH2

As required for stable
display

d. CHECK—CH 1 display amplitude is 4 divisions or

less.
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a. Set:

BW LIMIT Limited bandwidth
(button in)

VERTICAL MODE CH 1

b. Connect the leveled sine-wave generator’s reference-
frequency signal via a precision 50-Q cable and a 50-£2
termination to the CH 1 OR X input connector.

c. Set the generator output amplitude for a 6-division
vertical display.

d. Increase the generator output frequency until the
display decreases to 4.2 vertical divisions.

e. CHECK—Generator output frequency is set to
20 MHz, +5 MHz.

f. Disconnect the test equipment from the instrument.
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TRIGGERING

Equipment Required (see Table 4-1):

Calibration Generator (ltem 2}

Leveled Sine-Wave Generator (Item 3)
50-§2 Signal Pickoff (Item 5)

Two 50-2 BNC Cables (Item 6)
Dual-Input Coupler (Item 8)

10X Attenuator (ltem 10)

Two 50- BNC Terminations (ltem 13)

Precision 50-£2 BNC Cable (Item 14)
GR-to-BNC-Male Adapter (Item 15)
GR-to-BNC-Female Adapter (Item 16)
Low-Frequency Generator (ltem 17)
Screwdriver (ltem 21)

Low-Capacitance Alignment Tool (ltem 23)

See

2336 CONTROL SETTINGS

LINE VOLTAGE

SELECTOR 115V

POWER ON (button in)
CRT

INTEN As required for visible

display

FOCUS Best focused display
Vertical

VERTICAL MODE CH1

POSITION (both) Midrange

CH 1 VOLTS/DIV 10m

CH 2 VOLTS/DIV 0.2

VOLTS/DIV VAR (both) Calibrated detent

AC-GND-DC (both) DC

CH 2 INVERT Normal (button out)

BW LIMIT Full bandwidth

(button out)

Trigger (A and B, if applicable)

COUPLING AC

LEVEL As required for stable
display

SLOPE + (button out)

SOURCE CH 1

A TRIGGER Mode AUTO

TRIG HOLDOFF

(PUSH) VAR Off (in detent)

at the back of this manual for test point and adjustment locations.

Sweep
HORI1Z MODE A
A and B SEC/DIV 20 us {knobs locked)
TIME (PULL) VAR Pulled out
B DELAY TIME
POSITION Fully counterclockwise
A TIME POSITION Fully counterclockwise
X10 MAG Off (button out)
POSITION Midrange

1. Adjust A Trigger Slope Offset (R82) and
A Hysteresis (R106)
a. Connect a leveled sine-wave generator via a precision

50-2 cable and a 50-2 termination to the CH 1 OR X
input connector.

b. Set the leveled sine-wave generator for a 50-kHz
4-division display, then switch the CH 1 VOLTS/DIV
control to 0.2.

c. Rotate Hysteresis adjustment R106 fully counter-
clockwise, then adjust the A TRIGGER LEVEL control
for a stable display.

d. Set the CH 1 VOLTS/DIV switch to 0.5.

e. ADJUST—Hysteresis (R106) clockwise just until
any setting of the A TRIGGER LEVEL control will not
obtain a stable display of a 0.08-division vertical signal.
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f. Set the CH 1 VOLTS/DIV switch to 0.2 and check
that adjusting the A TRIGGER LEVEL control will obtain
a stable display on a 0.2-division vertical signal.

g. Repeat parts e and f until a stable display can be
obtained with a 0.2-division signal, but not with a 0.08-divi-
sion signal.

h. Set the CH 1 VOLTS/DIV switch to 10 m and set
the A and B SEC/DIV switches to 10 us.

i. ADJUST—A Trigger Slope Offset (R82) so that the
display triggers at the same point on the waveform for both
the + (plus) and — {minus) SLOPE switch positions.

j- Repeat parts e through i until no improvement is
noted.

2. Adjust B Trigger Slope Offset (R127) and
B Hysteresis (R163)

a. Set:

A and B SEC/DIV 20 us (knobs locked)
HORIZ MODE B
CH 1 VOLTS/DIV 0.2

b. Rotate B Hysteresis adjustment R163 fully counter-
clockwise, then adjust the B TRIGGER LEVEL control
for a stable display.

c. Set the CH 1 VOLTS/DIV switch to 0.5.

d. ADJUST—B Hysteresis (R163) clockwise just until
any setting of the B TRIGGER LEVEL control will not
obtain a stable display of a 0.08-division vertical signal.

e. Set the CH 1 VOLTS/DIV switch to 0.2 and check
that adjusting the B TRIGGER LEVEL control will obtain
a stable display on a 0.2-division vertical signal.

f. Repeat parts b through e until a stable display can
be obtained with a 0.2-division signal but not with a
0.08-division signal.

g. Set the CH 1 VOLTS/DIV switch to 10 m and set
the A and B SEC/DIV switches to 10 us.
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h. ADJUST—B Trigger Slope Offset (R127) so that the
display triggers at the same point on the waveform for both
the + (plus) and — (minus) SLOPE switch positions.

3. Adjust Vert Mode DC Level (R29)
a. Set:

A TRIGGER SOURCE VERT MODE
HORIZ MODE A
A TRIGGER SLOPE + (button out)

b. Center the display vertically and use the A TRIGGER
LEVEL control to obtain a stable display with the wave-
form starting at the center horizontal graticule line.

c. Set the A TRIGGER COUPLING switch to DC.

d. ADJUST—Vert Mode DC Level (R29) for a stable
triggered display which starts at the center horizontal
graticule line.

e. Disconnect the test equipment from the instrument.

4. Check A and B Internal Triggering

a. Connect a 60-Hz low-frequency sine-wave signal to
the CH 1 OR X input connector via a 50-§2 cable, a 10X
attenuator, a 2X attenuator, and a 50-2 termination.

b. Set the A and B SEC/DIV switches to 5 ms.

c. Adjust the generator output for a 6-division vertical
display. Then set the CH 1 VOLTS/DIV switch to 0.2 to
obtain a 0.3-division vertical signal display.

d. CHECK—Stable display can be obtained and the
TRIG'D LED is illuminated by adjusting the A TRIGGER
LEVEL control for each of the switch combinations listed
in Table 5-4, except as noted in Table 5-4 footnotes.

e. CHECK—Stable display cannot be obtained for any
position of the A TRIGGER COUPLING switch excep-
tioned in Table 5-4.

REV NOV 1981



Table 5-4

Switch Combinations for A Trigger Checks (CH 1)

A TRIGGER A TRIGGER A TRIGGER
COUPLING SOURCE SLOPE
AC VERT MODE +and —
CH 1 —and +
 LF REJS CH 1 +and —
VERT MODE —and +
HF REJP VERT MODE +and —
CH 1 —and +
DC CH 1 +and —
VERT MODE —and +

3Will not trigger at 60 Hz in A HORIZ MODE.

l"Will not trigger at 20 MHz and 100 MHz in A HORIZ MODE.

f. Set the A TRIGGER COUPLING switch to AC and
obtain a stable display using the A TRIGGER LEVEL

control.

g. Set HORIZ MODE to B.

h. CHECK—Stable display can be obtained by adjusting
the B TRIGGER LEVEL control for each of the switch
combinations listed in Table 5-5.

Table 5-5

Switch Combinations for B Trigger Checks

B TRIGGER SOURCE

B TRIGGER SLOPE

VERT MODE

+and —

CH1

+and —

i. Move the input signal from the CH 1 OR X input
connector to the CH 2 OR Y input connector.

j. Set:

VERTICAL MODE CH?2
HORIZ MODE A

A TRIGGER SOURCE CH?2
B TRIGGER SOURCE CH?2

Adjustment Procedure—2336 Service

k. CHECK—Stable display can be obtained, and the
TRIG’D LED is illuminated by adjusting the A TRIGGER
LEVEL control for each of the switch combinations listed
in Table 5-6, except as noted in Table 5-6 footnotes.

. CHECK—Stable display cannot be obtained for any
position of the A TRIGGER COUPLING switch excep-
tioned in Table b-6.

Table 5-6
Switch Combinations for A Trigger Checks (CH 2)
AC TRIGGER COUPLING A TRIGGER SLOPE
AC +and —
LF REJ —and +
HF REJ? +and —
DC —and +

Awitl not trigger at 60 Hz in A HORIZ MODE.
bWiII not trigger at 20 MHz and 100 MHz in A HORIZ MODE.

m. Set the A TRIGGER COUPLING switch to AC and
obtain a stable display using the A TRIGGER LEVEL
control.

n. Set HORIZ MODE to B.

0. CHECK-Stable display can be obtained by adjusting
the B TRIGGER LEVEL with B TRIGGER SLOPE at
either + or —.

p. Disconnect the test equipment from the instrument.

g. Set:

VERTICAL MODE CH1

CH 1 VOLTS/DIV 10m

HORIZ MODE A

A and B SEC/DIV 0.05 us

A TRIGGER SOURCE VERT MODE
B TRIGGER SOURCE VERT MODE

r. Connect a 20-MHz leveled sine-wave signal to the
CH 1 OR X input connector via a 50-{2 cable and a 50-£2
termination.

5-21



Adjustment Procedure—2336 Service

s. Repeat parts b through o for the 20-MHz signal.

t. Set:

VERTICAL MODE CH1

HORIZ MODE A

X10 MAG On (button in)
A TRIGGER SOURCE VERT MODE
B TRIGGER SOURCE VERT MODE

u. Set the generator to produce a 100-MHz, 1.1-division
vertical display.

v. Repeat parts d through o for the 100-MHz signal.

5. Adjust A External Trigger DC Level (R41)
a. Set:

A TRIGGER COUPLING AC

A and B SEC/DIV 20 us

X10 MAG Off (button out)
HORIZ MODE A

A TRIGGER SOURCE EXT

b. Move the input signal to the A EXT input connector.

c. Set the leveled sine-wave generator to 50 kHz. Hold
in the TRIG VIEW push button and adjust the generator
output to obtain a 4-division vertical display.

d. Vertically center the display using the A TRIGGER
LEVEL control. Readjust the generator output amplitude
(if necessary) for a 4-division display.

e. Set the A TRIGGER COUPLING switch to DC.

f. ADJUST—A External
vertically center the display.

Trigger Level (R41) to

g. Disconnect the test equipment from the instrument.
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6. Check A and B External Triggering and Jitter
a. Set:

CH 1 VOLTS/DIV 10m
A and B SEC/DIV 5ms
A TRIGGER COUPLING AC

A TRIGGER SOURCE EXT
B TRIGGER SOURCE EXT

b. Connect a 60-Hz sine-wave signal to the CH 1 OR X
and the A EXT input connectors via a 50-$2 cable, a 10X
attenuator, a 2X attenuator, a 50-§2 termination, and a
dual-input coupler.

c. Set the generator output for a b-division vertical
display.

d. Repeat Step 4, parts k and |.

e. Set the A TRIGGER COUPLING switch to AC and
obtain a stable display using the A TRIGGER LEVEL
control.

f. Set HORIZ MODE to B and move the signal from the
A EXT input connector to the B EXT input connector.

g. CHECK-Stable display can be obtained by adjusting
the B TRIGGER LEVEL contro!l with the B TRIGGER
SLOPE switch in either + or —.

h. Remove the 10X attenuator from the test setup and
move the signal from the B EXT input connector to the
A EXT input connector.

i. Set:
CH 1 VOLTS/DIV 0.1
HORIZ MODE A

A TRIGGER SOURCE EXT+10

i. Repeat Step 4, parts k and I.

k. Connect the test setup as shown in Figure 4-1.



I. Set:

VERTICAL MODE CH 2
VOLTS/DIV (both) 10m

A and B SEC/DIV 20 us

A TRIGGER COUPLING AC

A TRIGGER SOURCE VERT MODE

m. Set the leveled sine-wave generator for a 50-kHz,

b-division dispiay.

n. Set:

VERTICAL MODE CH1
A and B SEC/DIV 0.05 us
A TRIGGER SOURCE EXT

o. Set the generator to 20 MHz.

p. Move the signal from the CH 2 OR Y input connector

to the A EXT input connector.

g. Repeat Step 4, parts k and 1.

r. Repeat parts e through h of this step.

s. Set:
HORIZ MODE A
A TRIGGER SOURCE EXT+10

t. Repeat Step 4, parts k and |.

u. Reconnect the test setup as shown in Figure 4-1.

v. Set:

VERTICAL MODE CH2
VOLTS/DIV (both) 50 m

A and B SEC/DIV 20 us

A TRIGGER COUPLING AC

A TRIGGER SOURCE VERT MODE

w. Set the leveled sine-wave generator for a 50-kHz,
3-division display.
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x. Set:

VERTICAL MODE CH1

A and B SEC/DIV 0.05 us

X10 MAG On (button in)
A TRIGGER SOURCE EXT

y. Set the generator to 100 MHz.

z. Move the signal from the CH 2 OR Y input connector
to the A EXT input connector.

aa. Repeat Step 4, parts k and |.
ab. Repeat parts e through h of this step.

ac. Set:

HORIZ MODE A
A TRIGGER SOURCE EXT+10

ad. Repeat Step 4, parts k and |.

ae. Set the A TRIGGER COUPLING switch to AC and
adjust the A TRIGGER LEVEL control for a stable display.

af. CHECK—For less than 0.2 division horizontal wave-
form jitter.

ag. Set the A TRIGGER SOURCE switch to EXT and
reinsert the 10X attenuator into the test setup.

ah. CHECK—For less than 0.2 division horizontal
waveform jitter.

7. Check NORM Triggering Mode Operation

a. Set the A TRIGGER SOURCE switch to VERT
MODE.

b. Adjust the A TRIGGER LEVEL control for a stable
display.

c. Set A TRIGGER Mode to NORM.

d. CHECK—For a visible, stable display.
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e. Set the CH 1 AC-GND-DC switch to GND,

f. CHECK—For no visible display.

8. Check SGL SWP Mode Operation

a. Set:

CH 1 AC-GND-DC DC

X10 MAG Off (button in)
A and B SEC/DIV 20 us

b. Adjust the leveled sine-wave generator output for a
50-kHz, 2-division vertical display.

c. Adjust the A TRIGGER LEVEL control until the
display just triggers.

d. Set the CH 1 AC-GND-DC switch to GND.

e. Press in the SGL SWP push button. The READY LED
should illuminate and remain on.

f. Set the CH 1 AC-GND-DC switch to DC.

g. CHECK—READY LED goes out, and a single sweep
occurs.

NOTE

The INTEN control may require adjustment to
observe the single-sweep trace.

h. Press in the SGL SWP push button several times.

i. CHECK-—Single-sweep trace occurs, and READY
LED illuminates briefly every time the SGL SWP push
button is pressed in and released.

j. Disconnect the test equipment from the instrument.

9. Check A and B External Trigger Level Ranges
a. Set:

A TRIGGER COUPLING AC
TRIGGER SLOPE (both) +

CH 1 VOLTS/DIV 0.5

A TRIGGER Mode AUTO
TRIGGER SOURCE (both) EXT

524

b. Connect a leveled sine-wave reference-frequency
signal via a precision 50-§2 cable, a 50-Q2 termination, and
a dual-input coupler to the CH 1 OR X and A EXT input
connectors.

c. Set the generator output for a 4-division vertical
display.

d. CHECK—Display is triggered along the entire positive
slope of the waveform as the A TRIGGER LEVEL control
is rotated.

e. CHECK—Display is not triggered (free runs) at
either extreme of rotation.

f. Set the A TRIGGER SLOPE switch to —.

g. CHECK-Display is triggered along the entire negative
stope of the waveform as the A TRIGGER LEVEL control
is rotated.

h. CHECK—Display is not triggered (free runs) at either
extreme of rotation.

i. Move the input signal from the A EXT input con-
nector to the B EXT input connector.

j. Set:

A TRIGGER LEVEL Fully counterclockwise
HORIZ MODE B

k. CHECK—Display is triggered along the entire positive
slope of the waveform as the B TRIGGER LEVEL control
is rotated.

. CHECK—Display is not triggered (not visible) at
either extreme of rotation.

m. Set the B TRIGGER SLOPE switch to —.

n. CHECK—Display is triggered along the entire negative
slope of the waveform as the B TRIGGER LEVEL control
is rotated.

0. CHECK—Display is not triggered (not visible} at
either extreme of rotation.



p. Disconnect the test setup.

g. Set:

HORIZ DISPLAY A

A TRIGGER SOURCE EXT+10

CH 1 VOLTS/DIV 5

CH1 VAR Fully counterclockwise

A TRIGGER COUPLING AC
A and B SEC/DIV 0.2m

r. Connect the calibration generator standard-amplitude
output to the A EXT input connector via a 50-§2 cable.
Adjust the generator output to 20 volts.

s. Press in and hold the TRIG VIEW push button.

t. CHECK—Display is triggered along the entire negative
slope of the waveform as the A TRIGGER LEVEL control
is rotated.

u. Set the A TRIGGER SLOPE switch to +.

v. CHECK—Display is triggered along the entire positive
slope of the waveform as the A TRIGGER LEVEL control
is rotated.
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w. Disconnect the test equipment from the instrument.

10. Check Line Triggers

a. Set:

A TRIGGER Mode AUTO

CH 1 VOLTS/DIV 10m

A TRIGGER SOURCE LINE

A TRIGGER SLOPE + (button out)
A SEC/DIV 5 ms

CH 1 AC-GND-DC DC

b. Connect a 10X probe to the CH 1 OR X input
connector and place the probe tip next to the line cord.

c. Set the CH 1 VOLTS/DIV switch to obtain a display
amplitude of about 3 to 4 divisions.

d. CHECK—A stable display can be obtained by
adjusting the A TRIGGER LEVEL control, with the A
TRIGGER SLOPE switch set to either + or —,

e. Disconnect the 10X probe from the instrument.
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HORIZONTAL

Equipment Required (see Table 4-1):

Test Oscilloscope with 10X Probe (ltem 1)
Calibration Generator (ltem 2)

Leveled Sine-Wave Generator (ltem 3)
Time-Mark Generator (Item 4)

50-£2 BNC Cable {Item 6)

Dual-Input Coupler (Item 8)

50-C2 BNC Termination (ltem 13)
Precision 50-£2 BNC Cable (ltem 14)
Low-Frequency Generator {Item 17)

Screwdriver (ltem 21)

Low-Capacitance Alignment Tool (Item 23)

See

2336 CONTROL SETTINGS

LINE VOLTAGE
SELECTOR
POWER

CRT
INTEN

FOCUS

Vertical (Both Channels)

VERTICAL MODE
POSITION
VOLTS/DIV
VOLTS/DIV VAR
AC-GND-DC

CH 2 INVERT

BW LIMIT

Trigger

COUPLING
LEVEL

SLOPE (both)

A SOURCE

B SOURCE
Mode

TRIG HOLDOFF
(PUSH) VAR
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115V
ON (button in)

As required for visible
display
Best focused display

CH1

Midrange

0.2

Calibrated detent
DC

Normal (button out)
Full bandwidth
(button out)

AC

As required for stable
display

+ (button out)

CH 1

A TIME

AUTO

Off (in detent)

Sweep

HORIZ MODE
A and B SEC/DIV
TIME (PULL) VAR

B DELAY TIME
POSITION

A TIME POSITION
X10 MAG
POSITION

t the back of this manual for test point and adjustment locations.

A INTEN

1 ms (knobs locked)
Pulled out and in
calibrated detent

Fully counterclockwise
Fully clockwise

Off (button out)
Midrange

1. Check A INTEN Operation

a. Vertically center the trace using the CH 1 POSITION

control.

b. Use the Horizontal POSITION control to align the
start of the intensified zone with the first (extreme left)

vertical graticule line.

¢. Set the LCD readout to 10.00 ms using the A TIME

POSITION control.

d. CHECK—Intensified portion of the trace decreases
one graticule division as the B DELAY TIME POSITION
dial is rotated clockwise to each whole number LCD

readout (9.00, 8.00, etc.) down to zero.




2. Adjust A Sweep Start and Sweep Stop
(R74 and R6)

a. Set:

A SEC/DIV 2 ms

B SEC/DIV 5 us

B DELAY TIME

POSITION Fully Counterclockwise

B TRIGGER SOURCE RUNS AFTER DLY

b. Connect 0.1-ms time markers from the time-mark
generator via a 50-§2 cable and a 50-2 termination to the
CH 1 OR X input connector.

c. Use the Horizontal POSITION control to align the
start of the trace with the center vertical graticule line.

d. Press in the X10 MAG push button.

e. ADJUST—A Sweep Start (R74) so the intensified
zone is on the third time marker.

f. Set:

X10 MAG Off (button out)
B SEC/DIV 20 us

B TRIGGER SOURCE A TIME

g. Select 2-ms time markers from the time-mark
generator and use the B DELAY TIME POSITION control
to set the B Delay intensified zone on the second time
marker,

h. Use the A TIME POSITION control to obtain a
A Time readout of 16.00 ms.

i. Set the HORIZ MODE to B and use the Horizontal
POSITION control to center the display.

j. ADJUST—Sweep Stop (R6) to superimpose the time
markers.

3. Check A Time Readout Linearity

a. Set:

A SEC/DIV 1 ms

B SEC/DIV 10 us
HORIZ MODE A INTEN
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b. Select 1-ms time markers from the time-mark gener-
ator and use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line. Set the
B DELAY TIME POSITION control to place the intensified
zone at the second graticule line. Set the A TIME POSITION
control for a A TIME digital readout of 8.00 ms. Set HORIZ
MODE to B and set the time-mark generator variable timing
control to superimpose the displayed time marks. Do not
change the time mark generator settings for the remainder
of Step 3.

¢. Set HORIZ MODE to A INTEN and align both intensi-
fied zones with the second vertic.l graticule line using both
the B DELAY TIME POSITION and the A TIME POSITION
controls.

d. Set HORIZ MODE to B.

e. Use the A TIME POSITION control to superimpose
the time markers.

f. CHECK—A Time readout is —.001 to .001 ms.

g. Rotate the A TIME POSITION control clockwise
until the next time marker that appears is aligned with the
reference time marker (positioned by the B DELAY TIME
POSITION control).

h. CHECK—A Time readout is .998 to 1.002 ms.

NOTE

The position of the A Time marker with respect to
the reference may be determined by setting HORIZ
MODE to A INTEN. Then return HORIZ MODE to
B and align the time markers.

i. Rotate the A TIME POSITION control clockwise,
past the next time marker that appears, and align the suc-
ceeding time marker with the reference.

j. CHECK—A Time readout is within the limits shown
in Table B-7, under the column heading ‘“Reference Time
Marker at 2nd Vertical Graticule.”

k. Repeat parts i and j for the 7th, 9th, and 11th time
markers.

I. Set the HORIZ MODE to A INTEN.

m. Rotate the B DELAY TIME POSITION control
clockwise until the two intensified zones are aligned at the
11th vertical graticule line.
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Table 5-7
A Time Linearity

Time Marker Reference Time Marker at:
Aligned With
Vertical 2nd 11th
Graticule Vertical Graticule Vertical Graticule
b 2.96 to 3.04 ms —56.93 to —6.07 ms
7 4.94 t0 5.05 ms —3.95 to —4.05 ms
9 6.92t0 7.08 ms —1.97 to —2.03 ms
11 8.90 t0 9.10 ms —.001 to .001 ms

n. Rotate the A TIME POSITION control counterclock-
wise until the intensified zone is aligned with the 3rd
vertical graticule line.

o. Set HORIZ MODE to B.

p. Use the A TIME POSITION control to superimpose
the time markers.

g. CHECK—A Time readout is —7.91 to —8.09 ms.

r. Rotate the A TIME POSITION control clockwise,
past the next time marker that appears, and align the suc-
ceeding time marker with the reference.

s. CHECK—A Time readout is within the limits shown
in Table 5-7, under the column heading ‘’Reference Time
Marker at 11th Vertical Graticule.”

t. Repeat parts r and s for the 7th, 9th, and 11th time
markers.

u. Set the time-mark generaor for calibrated time marks
(set variable to off).

4. Check Delay Jitter

a. Set:

A SEC/DIV 1ms

B SEC/DIV 0.5 us

B TRIGGER SOURCE A TIME
HORIZ MODE A INTEN

b. Select 1-ms time markers from the time-mark
generator.
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c. Align the intensified zones with the second time
marker using the B DELAY TIME POSITION and A TIME
POSITION controls.

d. Set HORIZ MODE to B.

e. Align the rising edges of the time markers with the
center vertical graticule line using the B DELAY TIME
POSITION and A TIME PQOSITION contrals.

f. CHECK—For 1 division or less of horizontal jitter on
the rising edges of the time markers.

g. Rotate the A TIME POSITION control clockwise to
bring each succeeding time marker within the graticule
viewing area (up to a A Time readout of 9 ms) and CHECK
for 1 division or less of pulse jitter on the rising edge of
each time marker.

h. Rotate the B DELAY TIME POSITION control
clockwise to bring each succeeding time marker within the
graticule viewing area (down to a A Time readout of
.000 ms) and CHECK for 1 division or less of pulse jitter
on the rising edges of the time markers.

5. Check/Adjust X1 and X10 Horizontal Gain
(R126 and R127)

a. Set HORIZ MODE to A.

b. Use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line
(extreme left edge).

c. CHECK—For 1 time marker per division across the
full 10 divisions (within 0.2 division at the 11th time
marker).

d. ADJUST—X1 Gain (R126) for exactly 1 time marker
per division.

e. Press in the X10 MAG push button and select 0.1-ms
time markers from the time-mark generator.

f. Align the nearest time marker with the first vertical
graticule line.
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g. CHECK—For 1 time marker per division across the
full 10 divisions (within 0.3 division at the 11th time
marker).

h., ADJUST—X10 Gain (R127) for exactly 1 time
marker per division.

6. Check/Adjust X10 MAG Registration (R134)

a. Position the time-marker baseline to the bottom
horizorital graticule line using the CH 1 POSITION control.

b. Use the Horizontal POSITION control to position
the displayed time marker to the center vertical graticule
line.

c. Release the X10 MAG push button (button out).

d. CHECK—Time marker remains centered within 0.2
division of the center vertical graticule line.

e. Use the Horizontal POSITION control to position
the trace while switching between X10 MAG On and X10
MAG Off. (It is not necessary to latch the X10 MAG
button On. It need only be pressed in enough to display
the magnified sweep.) Position the trace horizontally until
no shift is observed between the center unmagnified time
marker and the magnified time marker.

f. ADJUST—Mag Registration (R134) to align the
center unmagnified time marker with the center vertical
graticule line.

7. Check/Adjust B Time (R10)

a. Set:
X10 MAG On (button in)

B TRIGGER SOURCE RUNS AFTER DLY
A and B SEC/DiV 1 ms (knobs locked)
CH 1 AC-GND-DC GND

b. Use the CH 1 POSITION control to vertically center
the trace and use the Horizontal POSITION control to align
the start of the A Sweep with the center vertical graticule
line.

c. Set HORIZ MODE to B.
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d. CHECK—The B Sweep starts at the center vertical

graticule line.

e. ADJUST—B Time (R10) to move the start of the
B Sweep to the center vertical graticule line.

8. Check A and B Timing Accuracy and Linearity
a. Set:

A and B SEC/DIV 0.05 us {knobs locked)

HORIZ MODE A
CH 1 AC-GND-DC DC
X10 MAG Off (button out)

b. Select 50-ns time markers from the time-mark
generator.

c. Adjust the A TRIGGER LEVEL control for a stable
display and vertically center the display using the CH 1
POSITION control.

d. Use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line.

e. CHECK—The SEC/DIV timing accuracy is within
2% (0.2 division at the 11th time marker), and linearity is
within 5% (0.1 division over any 2-division portion of the
graticule).

f. Repeat part e for A SEC/DIV switch settings of
0.1 us to 2 us in Table 5-8. Readjust the A TRIGGER
LEVEL and Horizontal POSITION control as necessary.
If the timing accuracy and linearity at any one of these
settings are not within tolerance, perform Step 9 immedi-
ately. If they are all within tolerance, complete the CHECK
for the 5-us to 0.5-s settings of the A SEC/DIV switch.

NOTE

For the A SEC/DIV settings from 50 ms to 0.5 s per
division, watch the time marker tips only at the 1st
and 11th graticule lines while adjusting the Hori-
zontal POSITION control and checking the timing
accuracy.

g. Set:

X10 MAG
A TRIGGER Mode

On (button in)
AUTO
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Table 5-8
Settings for Timing Accuracy Checks
Aand B Time-Mark Generator Output
SEC/DIV

Switch Setting Normal X10 MAG
0.05 us 50 ns b ns
0.1 us 0.1 us 10 ns
0.2 us 0.2 us 20 ns
0.5 us 0.5 us 50 ns
1 us 1 us 0.1 us
2 us 2 us 0.2 us
5 us b us 0.5 us
10 us 10 us 1 us
20 us 20 us 2 us
50 us 50 us b us
0.1ms 0.1ms 10 us
0.2 ms 0.2 ms 20 us
0.5 ms 0.5 ms 50 us
1ms 1ms 0.1 ms
2ms 2 ms 0.2 ms
b ms 5 ms 0.5 ms
10 ms® 10 ms 1ms
20 ms® 20 ms 2 ms
50 ms® 50 ms 5 ms

A Sweep Only

0.1 0.1s 10 ms
0.2 8 0.2s 20 ms
0.5s° 05s 50 ms

3For SEC/DIV switch settings slower than 5 ms, set the A TRIGGER
Mode to NQRM.

h. CHECK—The A Magnified timing accuracy and
linearity using the SEC/DIV switch settings and the time-
mark generator settings given in Table 5-8 under the "X10
MAG* column. At each setting combination, timing must
be accurate to within 3% (0.3 division at the 11th time
marker). When checking accuracy, exclude the first and last
40 ns of the sweep. Linearity must be within 5% (0.1
division) over any 2-division portion of the graticule. When
checking linearity, exclude the first- and last-displayed
divisions for the A and B SEC/DIV switch settings of
0.05 us and 0.1 us.
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i. Set:

HORI1Z MODE B

B SEC/DIV 0.05 us

A SEC/DIV 0.1 us

X10 MAG Off (button out)
A TRIGGER Mode AUTO

j. Select 50-ns time markers from the time-mark
generator and adjust the A TRIGGER LEVEL control
(if necessary) for a stable display.

k. CHECK—Repeat parts e through h for the B Sweep.

. Skip to Step 10 if either the accuracy and linearity
checks are within tolerance or if Step 9 has been previously
completed.

9. Adjust A and B Timing Accuracy and Linearity
(C84, €22, C161, and C187)

a. Set:

A SEC/DIV 1 us

B SEC/DIV 0.05 us

HORIZ MODE A

X10 MAG Off (button out)

B TRIGGER SOURCE A TIME

b. Select 1-us time markers from the time-mark gener-
ator and use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line.

c. ADJUST—The A Sweep High-Speed Timing {C84)
to obtain one time marker per division across the graticule
area.

d. Set HORIZ MODE to A INTEN and rotate the B
DELAY TIME POSITION control to position one inten-
sified zone on the second time marker. Use the A TIME
POSITION control to position the other intensified zone
until the LCD readout is 8.00 us.

e. Set HORIZ MODE to B.

f. ADJUST—The A Sweep High-Speed Timing (C84) to
superimpose the two displayed time markers.



g. Set:

B SEC/DIV
B TRIGGER SOURCE

0.2 us
RUNS AFTER DLY

h. Select 0.2-us time markers from the time-mark
generator.

i. ADJUST—The B Sweep High-Speed Timing (C22)
to obtain one time marker per division across the graticule
area.

j. Set:

A SEC/DIV 0.5 us

HORIZ MODE A

CH 1 VOLTS/DIV 01V

X10 MAG On (button in)

k. Se|ect 10-ns time markers from the time-mark
generator.

NOTE
In the next part, keep the adjustment screws for
C161and C187 as close to the same length as possible.

. ADJUST—The 5-ns Timing (C161 and C187 alter-
nately) for one time marker every two divisions over the
center 10 divisions of the magnified sweep.

m. Repeat Steps 8 and 9 as necessary until all timing
ranges are within tolerance.

10. Check A Time Readout Accuracy
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d. Set HORIZ MODE to B and use the A TIME
POSITION control to superimpose the time markers.

e. CHECK—A Time readout is within the range of
values specified in Table 5-9 for the SEC/DIV switches and
time-marker settings used.

f. Repeat part e for the remaining A and B SEC/DIV
switch settings and time-marker combinations listed in
Table 5-9. Use the A TIME POSITION control to super-
impose the time markers at each SEC/DIV switch setting
before checking the A Time readout accuracy.

a. Set:

CH 1 VOLTS/DIV 0.2V

A SEC/DIV 0.2 us

B SEC/DIV 0.05 us
HORIZ MODE A INTEN
A TRIGGER Mode AUTO

B TRIGGER SOURCE A TIME

X10 MAG Off (button out)

b, Select 0.2us time markers from the time-mark
generator.

c. Use the B DELAY TIME POSITION control to
position the start of one intensified zone to the left of the
second vertical graticule line. Use the A TIME POSITION
control to position the start of the other intensified zone
just to the left of the tenth vertical graticule line (A Time
readout should be about 1.600 us).
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Table 5-9
A Time Readout Accuracy
A B
SEC/DIV | SEC/DIV
Switch Switch Time A Time
Setting Setting Markers Readout
0.2 us 0.05 us 0.2 us 1.583 usto 1.617 us
0.5 us 0.05 us 0.5 us 3.95 us to 4.05 us
1 us 0.1 us 1 us 7.91 us to 8.09 us
2 us 0.1 us 2 us 15.83 us to 16.17 us
5 us 0.5 us 5 us 39.5 us to 40.5 us
10 us 1us 10 us 79.1 us to 80.9 us
20 us 1 us 20 us 168.3 usto 161.7 us
50 us 5 us 50 us .395 ms to .405 ms
0.1 ms 10 us 0.1ms .791 ms to .809 ms
0.2 ms 10 us 0.2 ms 1.5683 ms to 1.617 ms
0.5 ms 50 us 0.5 ms 3.95 ms to 4.05 ms
Tms 0.1ms 1ms 7.91 ms to 8.09 ms
2 ms 0.1 ms 2ms 15.83ms to 16.17 ms
5 ms 0.5 ms 5ms 39.5 ms to 40.5 ms
10 ms?® 1ms 10 ms 79.1 ms to 80.9 ms
20 ms® 1 ms 20 ms 1568.3 ms to 161.7 ms
50 ms? 5ms 50 ms .3955t0.405 s
0.1 10 ms 0.1s .791s51t0.809 s
0.2§° 10 ms 02s 1.683st0 1.617 s
0.5¢° 50 ms 0.5s 3.955t04.05s

9For SEC/DIV switch settings slower than 5 ms, set the A
TRIGGER Mode to NORM.
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11. Check A and B Sweep Length
a. Set:

A and B SEC/DIV 1 ms (knobs locked)

B TRIGGER SOURCE VERT MODE
B DELAY TIME
POSITION Fully counterclockwise

A TRIGGER Mode AUTO

b. Select 1-ms time markers from the time-mark
generator.

c. Use the Horizontal POSITION control to position the
second time marker to the first vertical graticule line.

d. CHECK—Horizontal trace extends at least 0.5
division, but not more than 1.5 divisions, past the 11th
time marker. Use the Horizontal POSITION control to
position the trace farther to the left if necessary.

e. Set:

A SEC/DIV 2 ms
B SEC/DIV 1 ms
HORIZ MODE B

f. Use the B DELAY TIME POSITION control to align
the nearest time marker with the first vertical graticule line.

g. CHECK—Repeat part d for the B Sweep.

12. Check A SEC/DIV VAR Range
a. Set:
HORIZ MODE A
A and B SEC/DIV 2 ms (knobs locked)

TIME (PULL) VAR Pulted out and in
calibrated detent

b. Select b-ms time markers from the time-mark
generator.

c. Use the Horizontal POSITION control to align the
first time marker with the first vertical graticule line.
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d. CHECK—At least one time marker per division can be
obtained by rotating the TIME (PULL) VAR control
counterclockwise.

e. Return the TIME (PULL) VAR control to its
calibrated detent.

13. Check A and B Sweep Horizontal POSITION
Range

a. Set the A and B SEC/DIV switches to 1 ms and rotate
the Horizontal POSITION control fully counterclockwise.

b. CHECK—Sweep ends to the left of the center vertical
graticule line.

c. Rotate the Horizontal POSITION control fully
clockwise.

d. CHECK—Sweep begins to the right of the center
vertical graticule line.

e. Set:

HORIZ MODE B
Horizontal POSITION Fully counterclockwise

f. CHECK—Repeat parts b through d for the B Sweep.

g. Press in the X10 MAG push button.

h. Rotate the Horizontal POSITION control counter-
clockwise to position a time marker to the second vertical
graticule line. If the marker moves past the line, continue
rotating counterclockwise until the next time marker
reaches the second vertical graticule line.

i. Gently rotate the Horizontal POSITION control
clockwise until the coarse position potentiometer is
engaged and stop. Note the trace starting point on the
graticule.

j. CHECK—Trace begins 4 to 9 divisions to the right of
the second vertical graticule line.



14. Check AUTO Recovery

a. Set:

A and B SEC/DIV 1 ms {(knobs locked)
HORIZ MODE A

Horizontal POSITION Midrange

A TRIGGER Mode AUTO

X10 MAG Off {(button out)

b. Select 0.1-s time markers from the time-mark
generator and adjust the A TRIGGER LEVEL control for
a stable display.

c. Select 0.5-s time markers.

d. CHECK—Display cannot be triggered (free runs).

e. Disconnect the test equipment from the instrument.

15. Check/Adjust X-Y Gain (R148)
a. Set:

A and B SEC/DIV
VERTICAL MODE

1 ms {knobs locked)
X-Y (both CH 1 and CH 2

buttons in)
VOLTS/DIV (both) 10m
CH 1 AC-GND-DC DC
CH 2 AC-GND-DC GND
HORIZ MODE A

X10 MAG Off (button out)

b. Connect a 50-mV standard-amplitude signal from the
calibration generator to the CH 1 OR X input connector
via a 50-82 cable.

c. CHECK—Spacing between the two dots is b divisions
+0.25 division {4.75 to 5.25 divisions).

d. ADJUST—X-Y Gain (R148) for a b-division hori-
zontal spacing between the dots.

e. Disconnect the test equipment from the instrument.
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16. Check X-Y Bandwidth and Phasing

a. Connect a b0-kHz leveled sine-wave signal via a
precision 50-£2 cable, a 50-{2 termination, and a dual-input
coupler to the CH 1 OR X and the CH 2 OR Y input
connectors.

b. Set the generator output amplitude to obtain a
6-division horizontal display.

c. Adjust the generator output frequency to 2 MHz; do
not change the generator output amplitude control setting.

d. CHECK—For 4.2 divisions or more horizontal
deflection at 2 MHz.

e. Setthe CH 1 and CH 2 VOLTS/DIV to 0.2.

f. Disconnect the leveled sine-wave generator from the
test setup and connect a low-frequency sine-wave generator.
Set the generator output frequency to 200 kHz and adjust
the output amplitude for 6 divisions of horizontal
deflection.

g. Set the CH 2 AC-GND-DC switch to DC.

h. Vertically center the display using the CH 2.
POSITION control.

i. CHECK—For a horizontal ellipse opening of 0.3
division or less.

j. Disconnect the test equipment from the instrument.

17. Check A Trigger Holdoff

a. Connect the test oscilloscope 10X probe tip to TPb5
and connect the probe ground lead to TP194.
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b. Set test oscilloscope controls initially as follows: Table 5-10
A Tri r Hol i
Volts/Div 9V Trigger Holdoff Time
Sec/Div 1 us
Trig Mode Norm A SEC/DIV Approximate
Switch Settings Holdoff Time
c. Set VERT MODE to CH 1 and A TRIGGER 0.05 us to 0.2 us 2 us
SOURCE to EXT. 0.5 us to 2 us 4 us
5 us to 20 us 13 us
50 us to 0.2 ms 175 us
d. CHECK—Trigger holdoff time corresponds approxi- 0.5msto2ms 1.3 ms
mately to the times listed in Table 5-10 for each range of 5ms to 20 ms 8 ms
A SEC/DIV switch settings. Trigger holdoff is defined as 50 ms to 0.5 s 50 ms
the +2-V level of the sweep waveform after recovery but
before it starts a negative-going ramp. Set test oscilloscope
Sec/Div control as required to make the time measurements.
e. Set A SEC/DIV to 0.5 ms and rotate VAR TRIG f. CHECK—That holdoff time increases byafactor of at

HOLDOFF fully counterclockwise. least 2.5.
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EXTERNAL Z-AXIS AND CALIBRATOR

Equipment Required (see Table 4-1):

Calibration Generator (ltem 2) Two 50-2 BNC Terminations (Item 13)
Leveled Sine-Wave Generator (ltem 3) Digital Voltmeter (Item 19)
Two 50-§2 BNC Cables (Item 6) Shorting Strap (ltem 22)

BNC T-Connector (ltem 9)

i at the back of this manual for test point and adjustment locations.

2336 CONTROL SETTINGS Sweep
HORIZ MODE A
A and B SEC/DIV 2 ms (knobs locked)
LINE VOLTAGE TIME (PULL) VAR Pulled out and in
SELECTOR 115V calibrated detent
POWER ON (button in) B DELAY TIME
POSITION Fully counterclockwise
X10 MAG Off (button out)
POSITION Midrange
CRT
INTEN As required for visible
trace
FOCUS Best focused display
1. Check External Z-Axis Operation
a. Connect a 5-V standard-amplitude square-wave signal
Vertical (Both Channels) to the CH 1 OR X input connector and the EXT Z-AXIS
VERTICAL MODE CH 1 input connector (located on the rear panel) via a 50-8
POSITION Midrange T-connector and two 50-§2 cables.
VOLTS/DIV 2
VOLTS/DIV VAR Calibrated detent . . . .
AC-GND-DC DC b. CHECK—For noticeable intensity modulation of the
CH 2 INVERT Normal (button out) trace when the INTEN control is set for normal-viewing
BW LIMIT Full bandwidth brightness. Adjust the TIME (PULL) VAR control, if neces-
(button out) sary, to observe the modulation. Return the TIME (PULL)
VAR control to the calibrated detent.
. c. Disconnect the test setup.
Trigger
COUPLING AC
LEVEL As required for stable d. Set the A SEC/DIV switch to 0.05 us.
display
SLOPE + (button out)
SOURCE VERT MODE e. Connect a 5V, 20-MHz leveled sine-wave signal to
Mode AUTO the CH 1 OR X input connector and the EXT Z-AXIS
TRIG HOLDOFF input connector via a 50-2 T-connector, two 50-£) cables,
(PUSH) VAR Off (in detent) and two 50-£2 terminations.
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f. CHECK—Repeat part b.

g. Disconnect the test equipment from the instrument.

2. Check AMPL CAL Operation

a. Set:
CH 1 VOLTS/DIV 10m
A and B SEC/DIV 1 ms (knobs locked)

b. Connect the 10X probe (supplied with the 2336)
to the CH 1 OR X input connector. Insert the probe tip
into the AMPL CAL connector.
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c. CHECK—For a 2-division vertical display of the
AMPL CAL square-wave signal with a period of 1 ms +25%
(0.75 to 1.25 ms).

d. Connect the digital voltmeter LO lead to chassis
ground and connect the HI lead to the AMPL CAL
connector center pin.

e. Connect a shorting strap between TP246 and TP250.

f. CHECK—AMPL CAL output voltage is 200 mV 1%
(198 to 202 mV).

g. Disconnect all test equipment from the instrument.



Section 6—2336 Service

MAINTENANCE

This section of the manual contains information for conducting preventive maintenance, troub'leshooting, and corrective

maintenance on the 2336 Oscilloscope.

STATIC-SENSITIVE COMPONENTS

The following precautions are applicable when per-
forming any maintenance involving internal access to the

instrument.
CAUTION

Static discharge can damage any semiconductor
component in this instrument.

This instrument contains electrical components that are
susceptible to damage from static discharge. Table 6-1
lists the relative susceptibility of various classes of semi-
conductors. Static voltages of 1 kV to 30 kV are common
in unprotected environments.

When performing maintenance observe the following
precautions to avoid component damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their original containers or on a metal rail.
Label any package that contains static-sensitive components
or assemblies.

3. Discharge the static voltage from your body by
wearing a grounded antistatic wrist strap while handling
these components. Servicing static-sensitive components or
assemblies should be performed only at a static-free work
station by qualified service personnel.

4. Nothing capable of generating or holding a static
charge should be allowed on the work station surface.

5. Keep the component leads shorted together whenever
possible.

6. Pick up components by their bodies, never by their
leads.

Table 6-1

Relative Susceptibility to
Static-Discharge Damage

Relative
Susceptibility

Semiconductor Classes Levels?
MOS or CMOS microcircuits or
discretes, or linear microcircuits with
MOS inputs (Most Sensitive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFET 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive) 9

aVoltage equivalent for levels (voltage discharged from a 100-pF
capacitor through a resistance of 100 Q):

1=100 to 500 V 4 =500V 7 =400 to 1000 V (est)
2 =200 to 500 V 5 = 400 to 600 V 8=900V
3=250V 6 =600 to 800 V 9=1200V

6-1



Maintenance—2336 Service

7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a floor
or work-surface covering capable of generating a static
charge.

9. Use asolderingiron that is connected to earth ground.

10. Use only approved antistatic, vacuum-type desolder-
ing tools for component removal.

PREVENTIVE MAINTENANCE

INTRODUCTION

Preventive maintenance consists of cleaning, visual
inspection, lubrication, and checking instrument
performance. When accomplished regularly, it may prevent
instrument malfunction and enhance instrument reliability.
The severity of the environment in which the instrument is
used determines the required frequency of maintenance. An
appropriate time to accomplish preventive maintenance is
just before instrument adjustment.

GENERAL CARE

The cabinet minimizes accumulation of dust inside the
instrument and should normally be in place when operating
the 2336. The lid provides both dust and damage protec-
tion for the front panel and crt face, and it should be closed
whenever the instrument is stored or is being transported.

INSPECTION AND CLEANING

The 2336 should be visually inspected and cleaned as
often as operating conditions require. Accumulation of dirt
in the instrument can cause overheating and component
breakdown. Dirt on components acts as an insulating
blanket, preventing efficient heat dissipation. It also
provides an electrical conduction path that could result
in instrument failure, especially under high-humidity

conditions.
CAUTION

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Use a nonresidue-type cleaner, preferably isopropyl!
alcohol, denatured ethyl! alcohol, or a solution of 1%
mild detergent with 99% water. Before using any
other type of cleaner, consult your Tektronix Service
Center or representative.
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Exterior

INSPECTION. Inspect the external portions of the
instrument for damage, wear, and missing parts; use
Table 6-2 as a guide. Instruments that appear to have been
dropped or otherwise abused should be checked thoroughly
to verify correct operation and performance. Deficiencies
found that could cause personal injury or could lead to
further damage to the instrument should be repaired

immediately.

To prevent getting moisture inside the instrument
during external cleaning, use only enough liquid to
dampen the cloth or applicator.

CLEANING. Loose dust on the outside of the instru-
ment can be removed with a soft cloth or small soft-bristle
brush. The brush is particularly useful for dislodging dirt
on and around the controls and connectors. Dirt that
remains can be removed with a soft cloth dampened in a
mild detergent-and-water solution, Do not use abrasive
cleaners.

Two plastic light filters, one blue and one clear, are
provided with the oscilloscope. Clean the light filters and
the crt face with a soft lint-free cloth dampened with either
denatured alcohol or a mild detergent-and-water solution.

Interior

To gain access to internal portions of the instrument for
inspection and cleaning, refer to the “Removal and
Replacement Instructions’ inthe ‘’Corrective Maintenance”’
part of this section.

INSPECTION. Inspect the internal portions of the
2336 for damage and wear, using Table 6-3 as a guide.
Deficiencies found should be repaired immediately. The



Table 6-2

External Inspection Checklist
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Item

Inspect For

Repair Action

Cabinet, Lid, Front
Panel

Cracks, scratches, deformations, and damaged
hardware or gaskets.

Touch up paint scratches and replace defective
parts.

Front-panel Controls

Missing, damaged, or loose knobs, buttons, and
controls.

Repair or replace missing or defective items.

Connectors

Broken shells, cracked insulation, and deformed
contacts. Dirt in connectors.

Replace defective parts. Clean or wash out dirt.

Carrying Handle

Correct operation.

Replace defective parts.

Accessories

Missing items or parts of items, bent pins,
broken or frayed cables, and damaged
connectors.

Replace damaged or missing items, frayed
cables, and defective parts.

Table 6-3

Internal Inspection Checklist

Item

Inspect For

Repair Action

Circuit Boards

Loose, broken, or corroded solder connections.
Burned circuit boards. Burned, broken, or
cracked circuit-run plating.

Clean solder corrosion with an eraser and flush
with isopropy! alcohol. Resolder defective
connections. Determine cause of burned items
and repair. Repair defective circuit runs.

Resistors

Burned, cracked, broken, or blistered.

Replace defective resistors. Check for cause of
burned component and repair as necessary.

Solder Connections

Cold solder or rosin joints.

Resolder joint and clean with isopropy! alcohol.

Capacitors

Damaged or leaking cases. Corroded solder on
leads or terminals.

Replace defective capacitors. Clean solder
connections and flush with isopropyl alcohol.

Semiconductors

Loosely inserted in sockets. Distorted pins.

Firmly seat loose semiconductors. Remove
devices having distorted pins. Carefully
straighten pins (as required to fit the socket),
using long-nose pliers, and reinsert firmly.
Ensure that straightening action does not crack
pins, causing them to break off,

Wiring and Cables

Loose plugs or connectors. Burned, broken, or
frayed wiring.

Firmly seat connectors. Repair or replace
defective wires or cables.

Chassis

Dents, deformations, and damaged hardware.

Straighten, repair, or replace defective hardware.
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corrective procedure for most visible defects is obvious;
however, particular care must be taken if heat-damaged
components are found. Overheating usually indicates other
trouble in the instrument; therefore, it is important that the
cause of overheating be corrected to prevent recurrence
of the damage.

If any electrical component is replaced, conduct a
Performance Check for the affected circuit and for other
closely related circuits (see Section 4). If repair or replace-
ment work is done on any of the power supplies, conduct
a complete Performance Check and, if so indicated, an
instrument readjustment (see Sections 4 and 5).

CAUTION

To prevent damage from electrical arcing, ensure
that circuit boards and components are dry before
applying power to the instrument.

CLEANING. To clean the interior, blow off dust with
dry, low-pressure air (approximately 9 psi). Remove any
remaining dust with a soft brush or a cloth dampened with
a solution of mild detergent and water. A cotton-tipped
applicator is useful for cleaning in narrow spaces and on
circuit boards.

If these methods do not remove all the dust or dirt,
the instrument may be spray washed using a solution
of 5% mild detergent and 95% water as follows:

1. Gain access to the parts to be cleaned by removing
easily accessible shields and panels.

2. Spray wash dirty parts with the detergent-and-water
solution; then use clean water to thoroughly rinse them.

3. Dry all parts with low-pressure air.

NOTE

Refer to “Switch Contacts” (next paragraph) prior
to performing step 4.

4, Clean switch contacts with Isopropanol or Fotocol
and wait for 60 seconds, Then dry with low-pressure air.
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B. Dry all components and assemblies in an oven or
compartment using low-temperature (125°F to 150°F)
circulating air.

6. Lubricate the circuit-board-mounted switch contacts
for the A and B SEC/DIV switches and the TRIGGER
COUPLING and SOURCE switches. Use only a light film
of No-Noise lubricant.

SWITCH CONTACTS. Most of the switches in the 2336
are circuit-board mounted with cam-actuated contacts.
Care must be exercised to preserve the high-frequency
characteristics of these switches. Switch maintenance is
seldom necessary, but if it is required, use the following
cleaning methods and observe the stated precautions.

CAUTION §

The A and B SEC/DIV and the TRIGGER
COUPLING and SOURCE switches are factory
lubricated with No-Nofse spray cleaner. [If dis-
assembly, repair, or cleaning of these switches is
necessary, do not overlubricate them before
reassembly. Only lubricate the contact surfaces
on the circuit board with a very light film of No-
Noise cleaner (or one with similar characteristics).

1. Clean switch contacts only with isopropyl alcohol
or denatured ethyl alcohol, especially in the area of the
vertical attenuator boards.

2. Apply the cleaning solution with a camel-hair brush.
Do not use cotton-tipped applicators, since they tend to
snag on contacts and could possibly cause damage. Strands
of cotton caught by the contacts may cause intermittent
electrical contact.

Some film deposits may not be completely removed by
the preceding procedure. For these cases, use an Eberhard
Fabre “Pink Pearl” eraser to gently remove remaining
film from switch contacts. Do not use typewriter or fiber-
glass erasers, since they are too abrasive and will remove
excessive amounts of the gold plating. After removing
film with an eraser, clean the contacts again with alcohol
and a soft brush to assure removal of all contamination.



LUBRICATION

The fan motor and most of the potentiometers used in
the 2336 are permanently sealed and generally do not
require periodic lubrication. The switches used in the 2336,
both cam- and lever-type, are installed with proper lubrica-
tion applied where necessary and will rarely require any
additional lubrication. A regular periodic lubrication
program for the instrument is not recommended.

SEMICONDUCTOR CHECKS

Periodic checks of the transistors and other semi-
conductors in the oscilloscope are not recommended.
The best check of semiconductor performance is actual
operation in the instrument.
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PERIODIC READJUSTMENT

To ensure accurate measurements, check the perform-
ance of this instrument after every 2000 hours of operation,
or if used infrequently, once each year. In addition, replace-
ment of components may necessitate readjustment of the
affected circuits.

Complete Performance Check and Adjustment instruc-
tions are given in Sections 4 and 5. The Performance
Check Procedure can also be helpful in localizing certain
trouble in the instrument. In some cases, minor troubles
may be revealed or corrected by readjustment. If only a
partial adjustment is performed, see the interaction chart,
Table 5-1, for possible interactions with circuits not
adjusted.

TROUBLESHOOTING

INTRODUCTION

Preventive maintenance performed on a regular basis
should reveal most potential problems before an instrument
malfunctions. However, should troubleshooting be required,
the following information is provided to facilitate location
of a fault. In addition, the material presented in the
“Theory of Operation’ and “Diagrams’’ sections of this
manual may be helpful while troubleshooting.

TROUBLESHOOTING AIDS

Schematic Diagrams

Complete schematic diagrams are located on tabbed
foldout pages in the “Diagrams’ section. The portions of
circuitry that are mounted on each circuit board are
enclosed within heavy black lines. Also within the black
lines, near either the top or the bottom edge, are the
assembly number and name of the circuit board.

Component numbers and electrical values of compo-
nents in this instrument are shown on the schematic
diagrams. Refer to the first page of the “Diagrams’’ section
for definitions of the reference designators and symbols
used to identify components. Important voltages and wave-
form reference numbers (enclosed in hexagonal-shaped
boxes) are also shown on each diagram. Waveform illus-
trations are located adjacent to their respective schematic
diagram, and the physical location of each waveform test
point is shown on the appropriate circuit board illustration.

Circuit Board llustrations

Circuit board illustrations (showing the physical location
of each component) are provided for use in conjunction
with each schematic diagram. Each board illustration is
found in the “Diagrams® section on the back of a foldout
page, preceding the schematic diagram(s) to which it
relates. If more than one schematic diagram is associated
with a particular circuit board, the board illustration is
located on a left-hand page that precedes the diagram with
which the board is first associated.

Waveform test-point locations are also identified on the
circuit board illustration by hexagonal-outlined numbers
that correspond to the waveform numbers appearing on
both the schematic diagram and the waveform illustration.

Circuit Board Locations

The location of a circuit board within the instrument is
shown on the foldout page along with the circuit board
illustration.

Circuit Board Interconnection Diagram

A circuit board interconnection diagram is provided in
the ““Diagrams’’ section to aid in tracing a signal path or
power source between boards. The entire oscilloscope is
illustrated, with plug and jack numbers shown along with
associated pin numbers. The off-board components are also
shown, and the schematic diagram numbers on which
components are located are identified.
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Power Distribution Diagram

A Power Distribution diagram is also provided in the
“Diagrams’’ section to aid in troubleshooting power-supply
problems. This diagram shows service jumpers used to
remove power from the various circuit boards. Excessive
loading on a power supply by a circuit board can be
isolated to the faulty board by disconnecting appropriate
service jumpers.

Grid Coordinate System

Each schematic diagram and circuit board illustration
has a grid border along its left and top edges. A table
located adjacent to each schematic diagram lists the grid
coordinates of each component shown on that diagram. To
aid in physically locating a component on the circuit board,
this table also lists the grid coordinates of each component
on the circuit board illustration.

Adjacent to each circuit board illustration is an alpha-
numeric listing of every component mounted on that
board. A second column in this listing identifies the
schematic diagram in which each component can be found.
These component-locator tables are especially useful when
more than one schematic diagram is associated with a
particular circuit board.

Troubleshooting Charts

The troubleshooting charts contained in the “‘Diagrams*
section are to be used as an aid in locating malfunctioning
circuitry. To use the charts, begin with the Troubleshooting
Index. This index chart will help identify a particular
problem area and will direct you to other appropriate
charts for further troubleshooing of that area.

Note that some troubleshooting-procedure boxes on
each chart contain numbers along their lower edges. These
numbers identify the applicable schematic diagram(s) and
circuit board illustration(s) to be used when performing the
action specified in the box (see Troubleshooting Index
chart, General Notes). The diagram and illustration iden-
tified at the start of a troubleshooting path remain applic-
able to downstream steps in the path until a different
diagram or illustration is specified.

Both General and Specific notes may be called out in
the troubleshooting-procedure boxes. These notes are
located on the inner panels of the foldout pages. Specific
Notes contain procedures or additional information to be
used in performing the particular troubleshooting step
called for in that box. General Notes contain information
that pertains to the overall troubleshooting procedure.
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Some malfunctions, especially those involving multiple
simultaneous failures, may require more elaborate trouble-
shooting approaches with references to circuit descriptions
in the “Theory of Operation* section of this manual.

Component Color Coding

Information regarding color codes and markings of
resistors and capacitors is located in the color-coding
illustration (Figure 9-1) at the beginning of the “’Diagrams”’
section.

RESISTOR COLOR CODE. Resistors used in this instru-
ment are carbon-film, composition, or precision metal-film
types. They are color coded with the EIA color code;
however, some metal-film resistors may have the value
printed on the body. The color code is interpreted starting
with the stripe that is nearest to one end of the resistor.
Composition resistors have four stripes; these represent two
significant figures, a mulitiplier, and a tolerance value.
Metal-film resistors have five stripes which represent three
significant figures, a multiplier, and a tolerance value,

CAPACITOR MARKINGS. Capacitance values of
common disc capacitors and small electrolytics are marked
on the side of the capacitor body. White ceramic capacitors
are color coded in picofarads, using a modified EIA code.

Dipped tantalum capacitors are color coded in micro-
farads. The color dot indicates both the positive lead and
the voltage rating. Since these capacitors are easily
destroyed by reversed or excessive voltage, be careful to
observe the polarity and voltage rating.

DIODE COLOR CODE. The cathode end of each glass-
encased diode is indicated by either a stripe, a series of
stripes, or a dot. For most silicon or germanium diodes
marked with a series of stripes, the color combination of
the stripes identifies three digits of the Tektronix Part
Number, using the resistor color-code system (e.g., a diode
having either a pink or a blue stripe at the cathode end,
then a brown-gray-green stripe combination, indicates
Tektronix Part Number 152-0185-00). The cathode and
anode ends of a metal-encased diode can be identified by
the diode symbol marked on its body.

Semiconductor Lead Configurations

Figure 9-2 in the “Diagrams” section shows the lead
configurations for semiconductor devices used in the
instrument. These lead configurations and case styles are
typical of those available at completion of the design of
the instrument. Vendor changes and performance improve-
ment changes may result in changes in case styles or lead



configurations. If the device in question does not appear to
match the configuration in Figure 9-2, examine the
associated circuitry or consult a semiconductor manu-
facturer’s data sheet.

Multipin Connectors

Multipin connector orientation is indicated by two
triangles: one on the holder and one on the circuit board.
Slot numbers are usually molded into the holder. When a
connection is made to circuit-board pins, ensure that the
triangle on the holder and the triangle on the circuit board
are aligned with each other (see Figure 6-1).

(0995-11) 2662-50

Figure 6-1. Multipin connector orientation.

TROUBLESHOOTING EQUIPMENT

The equipment listed in Table 6-4 and in Table 4-1,
or equivalent equipment, may be useful when trouble-
shooting this instrument.

TROUBLESHOOTING TECHNIQUES

The following procedure is arranged in an order that
enables checking simple trouble possibilities before
requiring more extensive troubleshooting. The first four
checks ensure proper control settings, connections,
operation, and adjustment. If the trouble is not located by
these checks, the remaining steps will aid in locating the
defective component. When the defective component is
located, replace it, using the appropriate replacement
procedure given under ‘‘Corrective Maintenance” in this
section.
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CAUTION

Before using any test equipment to make measure-
ments on static-sensitive, current-sensitive, or voltage-
sensitive components or assemblies, ensure that any
voltage or current supplied by the test equipment
does not exceed the limits of the component to be
tested.

1. Check Control Settihgs

Incorrect control settings can give a false indication of
instrument malfunction. If there is any question about the
correct function or operation of any control, refer to
either the ““Operating Instructions” (Section 2) in this
manual or to the 2336 Operators Manual.

2. Check Associated Equipment

Before proceeding, ensure that any equipment used
with the 2336 is operating correctly. Verify that input
signals are properly connected and that the interconnecting
cables are not defective. Check the power input source
voltages.

3. Visual Check

Perform a visual inspection. This check may reveal
broken connections or wires, damaged components, semi-
conductors not firmly mounted, damaged circuit boards,
or other clues.

4, Check Instrument Performance and Adjustment

Check the performance of either those circuits where
trouble appears to exist or the entire instrument. The
apparent trouble may be the result of misadjustment.
Complete performance check and adjustment instructions
are given in Sections 4 and 5 of this manual.

5. lIsolate Trouble to a Circuit

To isolate problems to a particular area, use the trouble
symptom to help identify the circuit in which the trouble
is located: Refer to the troubleshooting charts in the
“Diagrams’’ section as an aid in locating a faulty circuit.

When trouble symptoms appear in more than one
circuit, first check the power supplies; then check the
affected circuits by taking voltage and waveform readings.
Check first for the correct output voltage of each individual
supply. These voltages are measured between the power-
supply test points and ground (see schematic diagrams 9
and 10 and associated circuit board illustrations in the
“Diagrams” section). If power-supply voltages and ripple
are within the listed ranges, the supply can be assumed to
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be working correctly. If they are outside the range, the
supply may be either misadjusted or operating incorrectly.

If the trouble has been isolated to a power supply,
follow the troubleshooting chart for that supply. The
Low-Voltage Power Supply levels are interdependent. All
the low-voltage supplies depend on the +40-V supply for
a reference. If more than one of the low-voltage supplies
appears defective, repair them in the following order:
+40V, +10V, 456V, —-10V, =5V, then +102 V. To adjust
the +40-V Power Supply, refer to the “Adjustment
Procedure” (Section 5).

A defective component elsewhere in the instrument can
create the appearance of a power-supply problem and may
also affect the operation of other circuits.

6. Check Circuit Board Interconnections

After the trouble has been isolated to a particular
circuit, again check for loose or broken connections,
improperly seated semiconductors, and heat-damaged
components.

7. Check Voltages and Waveforms

Often the defective component can be located by
checking the appropriate voltage or waveform in the circuit.
Typical voltages are listed on the schematic diagrams.
Waveforms are shown adjacent to the diagrams, and wave-
form test points are indicated on the schematic and circuit
board illustrations by a hexagonal-outlined number.

Table 6-4
Suggested Troubleshooting Equipment

Equipment

Minimum Specification

Usage

Examples

. Test Oscilloscope with
10X Voltage Probe

Frequency response: dc to 100
MHz. Deflection factor: 20 mV
to 100 V/div. A 10X, 10-MQ2
probe should be used to reduce
circuit loading.

Check operating wave-

forms.

TEKTRONIX 465B Oscillo-
scope with included P6105
Probes.

. Signal Generator

Repetition rate: 250 kHz to
100 MHz with 50 kHz reference.

Check bandwidth.

TEKTRONIX SG 503 Signal
Generator.?

. Calibration Generator

Rise time: 1 ns or less. Qutput
amplitude: 0 to 10 V.

Check rise time and gain.

TEKTRONIX PG 506 Cali-
bration Generator.2

. Digital Multimeter

Voltmeter: input impedance,

10 M£2; range, 0 to 200 V dc;
voltage accuracy, within 0.15%;
display, 4 1/2 digits. Ohmmeter:
0 to 20 MS2. Test probes should
be insulated to prevent accidental
shorting.

Measure voltages and
resistances.

TEKTRONIX DM 501A
Digital Multimeter.?

. Variable Auto-
transformer

Variable ac output from 0 to
140 V, 1.2 A. Equipped with
3-wire power cord, plug, and
receptacle.

Vary input line voltage

when troubleshooting
power supply.

General Radio WBMT3VM or
W10MT3W Metered Variac
Autotransformer,

. Semiconductor Tester

Dynamic-type tester. Measure
reverse breakdown voltages up
to at least 400 V.

Test semiconductors.

TEKTRONIX 576 Curve
Tracer.

aF!equires a TM 500-Series power module.



NOTE

Voltages and waveforms given on the schematic
diagrams are not absolute and may vary slightly
between instruments. To establish operating con-
ditions similar to those used to obtain these readings,
see the voltage and waveform setup conditions in the
“Diagrams” section for the preliminary equipment
setup. Note the recommended test equipment,
front-panel control settings, voltage and waveform
conditions, and cable-connection instructions. The
oscilloscope control settings required to obtain the
given waveforms and voltages are located adjacent to
the waveform diagrams. Changes to the control
settings from the preliminary setup, other than those
given, are usually not required.

8. Check Individual Components

The following procedures describe methods of checking
individual components. Two-lead components that are
soldered in place are most accurately checked by first
disconnecting one end from the circuit board. This isolates
the measurement from the effects of surrounding circuitry.
See Figure 9-1 for value identification or Figure 9-2 for
semiconductor lead configuration.

To avoid electric shock, always disconnect the instru-
ment from the power input source before removing
or replacing components.

S\/\/\N\/\fwv
CAUTION §

When checking semiconductors, observe the static-
sensitivity precautions located at the beginning of
this section.

TRANSISTORS. A good check of transistor operation
is actual performance under operating conditions. A tran-
sistor can most effectively be checked by substituting a
known good component. However, be sure that circuit
conditions are not such that a replacement transistor might
also be damaged. I substitute transistors are not available,
use a dynamic tester. Static-type testers are not recom-
mended, since they do not check operation under simulated
operating conditions.

When troubleshooting transistors in the circuit with a
voltmeter, measure both the emitter-to-base and emitter-
to-collector voltages to determine whether they are con-
sistant with normal circuit voltages. Voltages across a
transistor may vary with the type of device and its circuit
function.
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Some of these voltages are predictable. The emitter-
to-base voltage for a conducting silicon transistor will
normally range from 0.6 to 0.8 V, and the emitter-to-
base voltage for a conducting germanium transistor ranges
from 0.2 to 0.4 V. The emitter-to-collector voltage for a
saturated transistor is about 0.2 V. Because these values
are small, the best way to check them is by connecting a
sensitive voltmeter across the junction rather than com-
paring two voltages taken with respect to ground. If the
former method is used, both leads of the voltmeter must be
isolated from ground.

If values less than these are obtained, either the device
is shorted or no current is flowing in the external circuit.
If values exceed the emitter-to-base values given, either the
junction is reverse biased or the device is defective. Voltages
exceeding those given for typical emitter-to-collector values
could indicate either a nonsaturated device operating
normally or a defective (open-circuited) transistor. If the
device is conducting, voltage will be developed across the
resistors in series with it; if it is open, no voltage will be
developed across the resistors in series with it, unless
current is being supplied by a parallel path.

CAUTIO;V%

When checking emitter-to-base junctions, do not use
an ohmmeter range that has a high internal current.
High current can damage the transistor. Reverse
biasing the emitter-to-base junction with a high
current may degrade the transistor’s current-transfer
ratio (Beta).

A transistor emitter-to-base junction also can be checked
for an open or shorted condition by measuring the
resistance between terminals with an ohmmeter set to a
range having a low internal source current, such as the
R X 1 k&2 range. The junction resistance should be very
high in one direction and very low when the meter leads
are reversed.

When troubleshooting a field-effect transistor, the
voltage across its elements can be checked in the same
manner as previously described for other transistors.
However, remember that in the normal depletion mode of
operation, the gate-to-source junction is reverse biased;
in the enhanced mode, the junction is forward biased.

INTEGRATED CIRCUITS. An integrated circuit (IC)
can be checked with a voltmeter, test oscilloscope, or by
direct substitution. A good understanding of circuit
operation is essential to troubleshooting a circuit having
an IC. Use care when checking voltages and waveforms
around the IC so that adjacent leads are not shorted
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together. An IC test clip provides a convenient means of
clipping a test probe to an IC.

CAUTION

When checking a diode, do not use an ohmmeter
scale that has a high internal current. High current
can damage a diode. Checks on diodes can be
performed in much the same manner as on transistor
emitter-to-base junctions. Do not check tunnel diodes
or back diodes with an ohmmeter; use a dynamic
tester, such as the TEKTRONI/X 576 Curve Tracer.

DIODES. A diode can be checked for either an open or
a shorted condition by measuring the resistance between
terminals with an ohmmeter set to a range having a low
internal source current, such as the R X 1k range. The
diode resistance should be very high in one direction and
very low when the meter leads are reversed.

Silicon diodes should have 0.6 to 0.8 V across their
junctions when conducting. Higher readings indicate that
they are either reverse biased or defective, depending on
polarity.

RESISTORS. Check resistors with an ohmmeter. Refer
to the ““Replaceable Electrical Parts’’ list for the tolerances
of resistors used in this instrument. A resistor normally
does not require replacement unless its measured value
varies widely from its specified value and tolerance.

INDUCTORS. Check for open inductors by checking
continuity with an ohmmeter. Shorted or partially shorted
inductors can usually be found by checking the waveform
response when high-frequency signals are passed through
the circuit.

CAPACITORS. A leaky or shorted capacitor can best
be detected by checking resistance with an ohmmeter set
to one of the highest ranges. Do not exceed the voltage
rating of the capacitor. The resistance reading should be
high after the capacitor is charged to the output voltage
of the ohmmeter. An open capacitor can be detected with
a capacitance meter or by checking whether the capacitor
passes ac signals.

ATTENUATORS. The thick-film attenuators are best
checked by substitution. If only one channel of the 2336
is not operating properly and there is reason to believe the
attenuator is defective, replace the suspected attenuator
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with the attenuator from the other channel and recheck
instrument operation. If proper operation results, either
order a new attenuator or replace the defective contact
set or hybrid circuit in the malfunctioning attenuator as
described in the “Removal and Replacement Instructions”
of this section.

Improper contact pressure on a contact pad can either
cause or contribute to attenuator switch failure. Contact
pressure can be determined by visually inspecting cam-to-
contact-arm height and contact-arm shape. Sometimes a -
previously defective switch contact will operate satisfac-
torily after it is installed on either a new or freshly cleaned
hybrid circuit board. Make visual inspections of switch
contacts by rotating the switch shaft and observing all
contacts in both their open and closed positions. Also
check that the contacts are correctly aligned with each
other. Refer to Figure 6-2 and Figure 6-3.

When a contact is open, its lobe should ride on the cam.
A gap means either a defective contact arm or excessive
cam clearance. Contact-to-pad gaps should be even.
Variations may indicate defective contacts or actuator
problems.

As a contact closes, contact should be made while the
contact lobe is still on the cam ramp (before the logic
lobe is over the contact lobe). Excessive cam clearance or
a defective contact arm can cause improper contact closure.
All contact fingers on any arm should touch the pads at
the same time. If they do not, either the contact arm or
the fingers are defective.

When contacts are closed, their fingers should be
centered squarely on their respective pads. If they are not,
either the contact arms or fingers are defective. If the cam
does not supply sufficient pressure on the arm to produce
good finger-to-pad contact, an intermittent connection can
result. This condition can be produced by either a defective
contact arm or actuator problems.

9. Repair and Adjust the Circuit

If any defective parts are located, follow the replace-
ment procedures given under ‘‘Corrective Maintenance’’
in this section. After any electrical component has been
replaced, the performance for that particular circuit should
be checked, as well as the performance of other closely
related circuits. Since the power supplies affect all circuits,
performance of the entire instrument should be checked if
work has been done in the power supplies or if the power
transformer has been replaced. Readjustment of the
affected circuitry may be necessary. Refer to the “Per-
formance Check’ and ‘‘Adjustment Procedure’’ (Sections
4 and 5) and to Table 5-1 (Adjustment Interactions).
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CORRECTIVE MAINTENANCE

INTRODUCTION

Corrective maintenance consists of component replace-
ment and instrument repair. This part of the manual
describes special techniques and procedures required to
replace components in this instrument. If it is necessary to
ship your instrument to a Tektronix Service Center for
repair or service, refer to the “Instrument Repackaging
Instructions’’ at the end of this section.

MAINTENANCE PRECAUTIONS

To reduce the possibility of personal injury or instru-
ment damage, observe the following precautions.

1. Disconnect the instrument from the ac power input
source before removing or installing components.

2. Use care not to interconnect instrument grounds
which may be at different potentials (cross grounding).

3. When soldering on circuit boards or small insulated
wires, use only a 15-watt, pencil-type soldering iron.

OBTAINING REPLACEMENT PARTS

Most electrical and mechanical parts can be obtained
through your local Tektronix Field Office or representative.
However, many of the standard electronic components can
usually be obtained from a local commercial source. Before
purchasing or ordering a part from a source other than
Tektronix, Inc., please check the ‘‘Replaceable Electrical
Parts* list for the proper value, rating, tolerance, and
description.

NOTE

Physical size and shape of a component may affect
instrument performance, particularly at high fre-
quencies. Always use direct-replacement components,
unless it is known that a substitute will not degrade
instrument performance.

Special Parts

In addition to the standard electronic components,
some special parts are used in the 2336. These components
are manufactured or selected by Tektronix, Inc. to meet
specific performance requirements, or are manufactured
for Tektronix, Inc. in accordance with our specifications.
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The various manufacturers can be identified by referring
to the ’““Cross Index—Manufacturer’s Code Number to
Manufacturer” at the beginning of the ‘Replaceable
Electrical Parts’’ list. Most of the mechanical parts used
in this instrument were manufactured by Tektronix, Inc.
Order all special parts directly from your local Tektronix
Field Office or representative.

Ordering Parts

When ordering replacement parts from Tektronix, Inc.,
be sure to include all of the following information:

1. Instrument type (include modification. or option
numbers).

2. Instrument serial number.

3. A description of the part (if electrical, include its
component number).

4. Tektronix part number.

MAINTENANCE AIDS

The maintenance aids listed in Table 6-5 include items
required for performing most of the maintenance pro-
cedures in this instrument. Equivalent products may be
substituted for the examples given, provided their char-
acteristics are similar.

INTERCONNECTIONS

Two methods of interconnection are used in this instru-
ment to connect the circuit boards with other boards and
components. When the interconnection is made with a
coaxial cable, a special end-lead connector plugs into a
socket on the board. Other interconnections are made with
pins soldered onto the board. Several types of mating
connectors are used for these interconnecting pins. The
following information provides the replacement procedures
for the various interconnecting methods.

Coaxial-Type End-Lead Connectors

Replacement of the coaxial-type end-lead connectors
requires special tools and techniques; only maintenance
personnel familiar with the specialized techniques should
attempt replacement of these connectors. It is recom-
mended that the cable or wiring harness and connector be
replaced as a unit. For cable or wiring harness part num-
bers, see the ‘“Replaceable Mechanical Parts’ list. An



Table 6-5
Maintenance Aids
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Description Specifications Usage Example
1. Soldering lron 15 to 256 W. General soldering and Antex Precision Model C.
unsoldering.
2. Phillips Screwdrivers #1 tip, #2 tip. Assembly and disassembly. Xcelite Models X108 and

X102.

3. Flat-bit Screwdriver 3-inch shaft, 3/32-inch bit.

Assembly and disassembly.

Xcelite Model R3323.

4. Torque Screwdriver 3 inch-pounds.

Assembly of crt and SEC/
DIV and VOLTS/DIV
switches.

Sturtevant-Richmont Torque
Products Model PM-5 Roto-
Torq.

5. Nutdrivers 3/16 inch, 1/4 inch.

Assembly and disassembly.

Xcelite #6 and #8.

6. Open-end Wrenches 1/4 inch, 5/16 inch, 7/16 inch.

Assembly and disassembly.

7. Allen Wrenches 0.050 inch, 1/16 inch,

1/8 inch.

Assembly and disassembly.

8. Long-nose Pliers

Component removal and
replacement.

9. Diagonal Cutters

Component removal and
replacement.

10. Vacuum Solder
Extractor

No static charge retention.

Unsoldering static-sensitive
devices and components on
multilayer boards.

Pace Model PC-10.

11. Lubricant Versilube (silicone grease).

Switch lubrication.

Tektronix Part Number
006-1353-01.

12. Spray Cleaner No-Noise.

Switch pad cleaning.

Tektronix Part Number
006-0442-02.

13. Pin-replacement Kit

Replace circuit board
connector pins.

Tektronix Part Number
040-0542-00.

14. 1C-Removal Tool

Removing DIP IC packages.

Augat T114-1.

alternative solution is to refer the replacement of the
defective connector to your local Tektronix Field Office or
representative.

End-Lead Pin Connectors

Pin connectors used to connect the wires to the inter-
connecting pins are factory assembled. They consist of
machine-inserted pin connectors mounted in plastic
holders. If the connectors are faulty, the entire wire
assembly should be replaced.

Multipin Connectors

When pin connectors are grouped together and mounted

in a plastic holder, they are removed, reinstalled, or
replaced as a unit. If any individual wire or connector
in the assembly is faulty, the entire cable assembly should
be replaced. To provide correct orientation of this multipin
connector when it is reconnected to its mating pins, an
arrow is stamped on the circuit board, and a matching
arrow is molded into the plastic housing of the multipin
connector. Be sure these arrows are aligned with each other
when the multipin connector is reinstalled.
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TRANSISTORS AND INTEGRATED
CIRCUITS

Transistors and integrated circuits should not be
replaced unless they are actually defective. If removed from
their sockets or unsoldered from the circuit board during
routine maintenance, return them to their original sockets
or board locations. Unnecessary replacement or transposing
of semiconductor devices may affect the adjustment of the
instrument. When a semiconductor is replaced, check the
performance of any instrument circuit that may be affected.

Any replacement component should be of the original
type or a direct replacement. Bend transistor leads to fit
their circuit board holes and cut the leads to the same
length as the original component. See Figure 9-2 for lead-
configuration illustrations.

To remove socketed dual-in-line packaged (DIP) inte-
grated circuits, pull slowly and evenly on both ends of
the device. Avoid disengaging one end of the integrated
circuit from the socket before the other, since this may
damage the pins.

To remove a soldered DIP IC, do not heat adjacent
conductors consecutively. Apply heat to pins at alternate
sides and ends of the IC as solder is removed. Allow a
moment for the circuit board to cool before proceeding to
the next pin.

The heat-sink-mounted power supply transistors are
insulated from the heat sink. In addition, a heat-sink
compound is used to increase heat transfer capabilities.
Reinstall the insulators and replace the heat-sink compound
when replacing these transistors. The compound should be
applied to both sides of the insulators and should be
applied to the bottom side of the transistor where it comes
in contact with the insulator.

NOTE

After replacing a power transistor, check that the
collector is not shorted to the heat sink before
applying power to the instrument.

SOLDERING TECHNIQUES

The reliability and accuracy of this instrument can
be maintained only if proper soldering techniques are
used to remove or replace parts. General soldering
techniques, which apply to maintenance of any precision
electronic equipment, should be used when working on this
instrument.
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To avoid an electric-shock hazard, observe the follow-
ing precautions before attempting any soldering:
turn the instrument off, disconnect it from the ac
power source, and allow approximately three minutes
for the power-supply capacitors to discharge.

Use rosin-core wire solder containing 63% tin and 37%
lead. Contact your local Tektronix Field Office or repre-
sentative to obtain the names of approved solder types.

When soldering on circuit boards or small insulated
wires, use only a 15-watt, pencil-type soldering iron. A
higher wattage soldering iron can cause etched circuit
conductors to separate from the board base material and
melt the insulation on small wires. Always keep the
soldering-iron tip properly tinned to ensure best heat trans-
fer from the iron tip to the solder joint. To protect heat-
sensitive components, either hold the component lead with
long-nose pliers or place a heat block between the com-
ponent body and the solder joint. Apply only enough
solder to make a firm joint. After soldering, clean the area
around the solder connection with an approved flux-
removing solvent (such as isopropyl alcohol) and allow it to
air dry.

Circuit boards in this instrument may have as many as
three conductive layers. Conductive paths between the
top and bottom board layers may connect to one or more
inner layers. If any inner-layer conductive path becomes
broken due to poor soldering practices, the board becomes
unusable and must be replaced. Damage of this nature can
void the instrument warranty.

CAUTION

Only an experienced maintenance person, proficient
in the use of vacuum-type desoldering equipment,
should attempt repair of any circuit board in this
instrument.  The following multilayer board
assemblies are particularly susceptible to heat
damage: A23—Trigger, A16—B Timing Switch, and
A17-A Timing Switch.

Desoldering parts from multilayer circuit boards is
especially critical. Many of the integrated circuits are static
sensitive and can be damaged by a static charge that can be
generated by some types of solder extractors. Perform
work involving static-sensitive devices only at a static-free
work station while wearing a grounded antistatic wrist strap
and use only an antistatic vacuum-type solder extractor
approved by a Tektronix Service Center.



Attempts to unsolder, remove, and resolder leads
from the component side of a circuit board may
cause damage to the reverse side of the circuit board.

The following techniques should be used to replace a
component on any of the circuit boards:

1. Touch the vacuum desoldering tool to the lead at
the solder connection. Never place the iron directly on the
board; doing this may damage the board.

NOTE

Some components are difficult to remove from the
circuit board due to a bend placed in each lead during
machine insertion of the component. The purpose of
the bent leads is to hold the component in place
during a solder-flow manufacturing process that
solders all the components at once. To make removal
of machine-inserted components easier, straighten
the component leads on the reverse side of the circuit
board with a small screwdriver or pliers. It may be
necessary to remove the circuit board to gain access
to the component leads on the reverse side of the
circuit board. Circuit-board removal and reinstallation
procedures are discussed later in this section.

2. When removing a multipin component, especially an
IC, do not heat adjacent pins consecutively. Apply heat to
pins at alternate sides and ends of the IC as solder is
removed. Allow a moment for the circuit board to cool
before proceeding to the next pin.

CAUTION

Excessive heat can cause the etched circuit con-
ductors to separate from the circuit board. Never
allow the solder extractor tip to remain at one place
on the board for more than three seconds. Solder
wick, spring-actuated or squeeze-bulb solder suckers,
and heat blocks (for desoldering multipin com-
ponents) must not be used. Damage caused by poor
soldering techniques can void the instrument
warranty.

3. Bend the leads of the replacement component to
fit the holes in the circuit board. If the component is
replaced while the board is installed in the instrument,
cut the leads so they protrude only a small amount through
the reverse side of the circuit board. Excess lead length
may cause shorting to other conductive parts.
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4. Insert the leads into the holes of the board so that
the replacement component is positioned the same as the
original component. Most components should be firmly
seated against the circuit board.

Do not allow either solder or flux to flow beneath
etched circuit board switches. The etched switch
contacts on the circuit board are an integral part of
the switch, and intermittent operation can occur if
the contacts become contaminated.

5. Touch the soldering iron to the connection and apply
enough solder to make a firm solder joint. Do not move the
component while the solder hardens.

6. Cut off any excess lead protruding through the circuit
board (if not clipped to size in step 3).

7. Clean the area around the solder connection with an
approved flux-removing solvent. Be careful not to remove
any of the printed information from the circuit board.

When soldering to the ceramic strips in the instrument, a
slightly larger soldering iron can be used. It is recommended
that a solder containing about 3% silver be used when
soldering to these strips to avoid destroying the bond to the
ceramic material. This bond can be broken by repeated use
of ordinary tin-lead solder or by the application of too
much heat; however, occasional use of ordinary solder will
not break the bond, provided excessive heat is not applied.

If it becomes necessary to solder in the general area
of any of the high-frequency contacts of this instrument,
clean the contacts immediately upon completion of
soldering. Refer to the ‘“‘Switch Contacts” paragraph in
the ‘“’Preventive Maintenance’’ part of this section for the
recommended cleaners and procedures.

REMOVAL AND REPLACEMENT
INSTRUCTIONS

To avoid electric shock, disconnect the instrument
from the power input source before removing or
replacing any component or assembly.

The exploded view drawings in the “Replaceable
Mechanical Parts” list may be helpful during the removal
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and reinstallation of individual components or sub-
assemblies. Circuit board and component locations are
shown in the ‘’Diagrams’’ section.

Read these instructions completely before attempting
any corrective maintenance.

Cabinet

Removal and reinstallation of the instrument cabinet
is accomplished by the following steps:

1. Remove one Phillips-head screw holding the power-
cord securing clamp. Remove the clamp and disconnect
the power cord.

2. Remove two Phillips-head retaining screws from the
rear of the cabinet assembly (one near each of the bottom
feet).

3. Loosen six Phillips-head retaining screws on the rim
band around the front panel (three across the top and three
across the bottom).

4. Close and latch the lid, place the cabinet handle
against the bottom of the cabinet, and set the instrument
face down on a flat surface.

5. Carefully lift up on the cabinet until the ground
lug, ac-power-input jack, and fuse holder are free of the
perforations in the rear of the cabinet; then slide the
cabinet up off of the instrument chassis.

To reinstall the cabinet:

6. Place the instrument face down on a flat surface
{with the lid latched).

7. Align the cabinet to allow the ground lug, ac-power-
input jack, and fuse holder to pass through the perforation
in the rear of the cabinet and carefully slide the cabinet
down over the instrument chassis to its original position.

8. Open the lid and tighten six retaining screws around
the rim band (loosened in step 3).

9. Reinstall
step 2).

two Phillips-head screws (removed in

10. Reconnect the power cord and reinstall the securing
clamp and screw removed in step 1.
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Lid Cover

Removal and reinstallation of the lid cover is accom-
plished by the following steps:

1. Shut and latch the lid; set the instrument vertically,

on its rear feet, on a flat working surface.

2. Remove two Phillips-head screws at the end of the
two rubber bumper strips (one for each bumper strip).

3. Remove two Phillips-head screws under each bumper
strip {(on the top of the lid cover).

4. Note the orientation of the lid cover and pull it free
from the lid assembly.

To reinstall the lid cover:

b. Slide the cover over the lid assembly, oriented as

noted in step 4.

6. Reinstall four Phillips-head screws, two under each
bumper strip (removed in step 3).

7. Reinstall two Phillips-head screws retaining the
bumper strips (removed in step 2).

A30—Delta Time Logic Circuit Board

Removal and reinstallation of the Delta Time Logic
circuit board is accomplished by the following steps:

1. Remove the lid cover, using the preceding procedure.

2. Disconnect J780 from P780 on the Delta Time Logic
circuit board.

3. Use a 1/16-inch Allen wrench to loosen the set screw
in the B TRIGGER LEVEL knob and remove the knob.

4. Use a 1/4-inch nutdriver to remove. four hexagonal
standoffs retaining the Delta Time Logic circuit board and
lift out the board.

To reinstall the Delta Time Logic circuit board:

5. Set the circuit board into place in the lid and secure
it with four hexagonal standoffs (removed in step 4).



6. Reinstall the B TRIGGER LEVEL knob (removed
in step 3).

7. Reconnect J780 to P780 (disconnected in step 2).

8. Reinstall the lid cover, using the preceding procedure.

B Trigger Panel

Removal and reinstallation of the B Trigger panel is
accomplished by the following steps:

1. Remove both the lid cover and the Delta Time Logic
circuit board, using the preceding procedures.

2. Use a 1/4-inch nutdriver to remove two nuts retaining
the flange which holds down the Delta Time Interconnect
cable boot. Lift the flange off of the two mounting studs.

3. Use a 7/16-inch open-end wrench to remove the nut
and flat washer retaining the flex ground tab and carefully
lift the tab off of its grounding stud.

4. Remove six Phillips-head screws retaining the B
Trigger panel and lift out the panel.

To reinstall the B Trigger panel:

b. Set the panel into place in the lid and secure it with
six Phillips-head screws (removed in step 4).

6. Place the flex ground tab onto its grounding stud
and use a 7/16-inch open-end wrench to reinstall the nut
and flat washer removed in step 3.

7. Reinstall the flange which holds down the Delta Time
interconnect cable boot and secure it with two nuts
(removed in step 2).

8. Reinstall the Delta Time Logic circuit board and the
lid cover, using the preceding procedures.

Delta Time Interconnect Cable

Removal and reinstallation of the Delta Time Inter-
connect cable is accomplished by the following steps:

1. Remove the lid cover, the Delta Time Logic circuit
board, and the B Trigger panel (in that order), using the
preceding procedures.
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2. Remove six Phillips-head screws retaining the gray
rim band around the instrument front panel. Remove the
gray rim band from the instrument.

3. Remove four Phillips-head screws retaining the now-
exposed black rim band, but do not remove the black rim
band from the instrument.

4. Disconnect the Delta Time Interconnect cable from
P751 on the Sweep/Horiz Amp/Opt circuit board.

b. Use a flat-bit screwdriver to lift the black rim band
away from the front casting in the area of the Delta Time
Interconnect cable and remove the right-angle edge of the
boot from the notch in the casting.

6. Gently pull forward on the Delta Time Interconnect
cable (along with its boot and flex ground strap) until the
complete cable assembly is clear of the instrument.

To install a new Delta Time Interconnect cable:

7. Use a flat-bit screwdriver to lift up the black rim
band in the area of the notch in the edge of the front
casting. Insert the cable assembly {J751 towards the Sweep/
Horiz Amp/Opt circuit board) between the black rim band
and the casting.

8. Insert the right-angle edge of the boot into the notch
(facing towards the top of the instrument) and insert the
flex ground over the edge of the casting (facing towards
the bottom of the instrument).

9. Connect J751 and P751 on the Sweep/Horiz Amp/
Opt circuit board.

10. Reinstall four screws securing the black rim band
to the front casting (removed in step 3).

11. Reinstall the gray rim band (with the hinge edge
along the bottom edge of the instrument) and secure it with
six screws {(removed in step 2).

12. Reinstall the B Trigger panel, the Delta Time Logic
circuit board, and the lid cover (in that order).
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NOTE

For all of the following procedures, the cabinet
must first be removed in accordance with the fore-
going removal and replacement instructions.

Cathode-Ray Tube

Use care when handling a crt. Breaking the crt can
cause high-velocity scattering of glass fragments.
Protective clothing and safety glasses should be worn.
Avoid striking the crt on any object which might
cause it to crack or implode. When storing a crt,
either place it in a protective carton or set it face
down on a smooth surface in a protected location
with a soft mat under the faceplate.

Removal and replacement of the crt is accomplished by
the following steps:

1. Disconnect P768 from the Vert Out/H.V. Power
Supply circuit board.

2. Use long-nose pliers to disconnect the two vertical
deflection connectors from the pins on the neck of the crt
(these wires come from the Vert Out/H.V. Power Supply
circuit board). Pull straight out on these connectors to
prevent placing strain on the metal-to-glass seal. Note wire
colors and positions for reinstallation reference.

3. Raise the front of the instrument and disconnect
the two horizontal deflection pin connectors from the
neck of the crt (these wires come from the Sweep/Horiz
Amp/Opt circuit board). Pull straight out on these con-
nectors to prevent placing strain on the metal-to-glass seal.
Note wire color and location for reinstallation reference.

The crt anode and the output terminal of the High-
Voltage Multiplier will retain a high-voltage charge
after the instrument is turned off, To avoid electrical
shock, ground both the output terminal and the crt
high-voltage lead to the main instrument chassis.

4. Disconnect the crt anode lead from the High-Voltage
Multiplier lead by carefully pulling the anode plug out of
the jack. Discharge the plug tip to the chassis.

5. Disconnect the socket from the base of the crt,
gripping the tabs on the socket cover to pull it free.
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6. Disconnect the Delay Line electrical connector from
J878 on the Vert Out/H.V. Power Supply circuit board.

7. Pull the Delay Line cable free from the two retaining
clips on the Vert Out/H.V. Power Supply circuit board.

8. Remove three Phillips-head screws retaining the
Delay Line assembly.

9. Lift the Delay Line assembly up and set it on top of
the Vert Preamp/L.V Power Supply circuit board.

10. Remove the Phillips-head screw retaining the ground
lug to the bottom rear of the crt shield.

11. Support the crt with one hand and use a 1/8-inch
Allen wrench to loosen one of four set screws (located at
each corner of the crt face), counting the turns, until the
tip of the screw is flush with its mounting tab. Then loosen
the remaining three set screws the same number of turns
as the first one.

NOTE

It may be necessary to remove some of the rear
panel screws in the area of the crt and to pull back
slightly on the rear chassis panel when performing
the next step.

12. Slide the crt and the surrounding metal shield back
and lift them out of the instrument. The implosion shield
will remain in the front casting. Note the alignment of the
graticule for reinstallation reference.

13. Remove the metal mask and EMI gasket from
around the front of the crt.

14. Remove the metal shield from the crt by sliding
the shield to the rear. Exercise care not to damage the
high-voltage lead, neck pins, and cable connecting to the
two coils.

NOTE

{t may be