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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 damages 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 immedi-
ately accessible as one reads the markings, or a hazard to
property, including the equipment itself.

DANGER indicates a personal injury hazard not immediately

. accessible as one reads the marking.

Symbols in This Manual

A

Symbols as Marked on Equipment

This symbol indicates where applicable
cautionary or other information is to be found.
For maximum input voltages see Table 1-1
Electrical Characteristics.

é 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 volts rms between the
supply conductors or between either supply conductor and
ground. A protective ground connection by way of the

ground conductor in the power cord is essential for safe
operation.

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 receptacle before connecting to
the product input or output terminals.

Danger Arising From Loss of Ground

Upon loss of the protective-ground connection, all accessi-
ble conductive parts (including knobs and controls that may
appear to be insulating) may be capable of rendering an
electric shock.

Use the Proper Power Cord

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

Use only a power cord that is in good condition.

For detailed information on power cords and types of con-
nectors, see Table 2-1.

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 explo-
sive atmosphere.

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 prod-
uct 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 connections
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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SPECIFICATION

INTRODUCTION

The SONY®/TEKTRONIX® 336 is a combination non-
storage and digital storage, portable oscilloscope. It is capa-
ble of displaying analog and digitized waveforms simul-
taneously, and it can store the digitized waveforms for recall
and display. The 336 is a microprocessor controlled instru-
ment that incorporates alphanumeric crt readouts of the
vertical and horizontal scale factors, the delay time position,
and voltage and time readouts of the cursor positions. Many
of the oscilloscope features and modes are chosen from a
menu displayed on the crt rather than from hard-wired front-
panel switches. Menu-selectable operating modes are de-
scribed in Section 2, “Operating Information.”

The 336 has a dual-channel, dc-to-50 MHz vertical de-
flection system for both nonstorage and equivalent-time
digitizing. Storage bandwidth for single-sweep events
(waveforms acquired as the result of a single triggering
event) is dc-to-140 kHz. The vertical channels have cali-
brated deflection factors from 5 mV to 10 V per division with
a choice of either AC or DC input coupling. in the NON
STORE Mode, the 336 operates similarily to a conventional
oscilloscope,

The horizontal deflection system’s calibrated, non-
storage sweep rates are from 0.2 s to 0.1 us per division for
the A Sweep and from 50 ms to 0.1 us per division for the B
Sweep. The sweep speed of all sweeps (both nonstore and
digitized) is increased by ten times with the use of the X10
MAG feature. Either variabie sweep speed between the cali-
brated settings of the SEC/DIV switch or variable holdoff is
available by selecting the function of the front-panet VAR
SWP/HOLDOFF controi from the SCOPE Menu choices.
Variable sweep speed extends the slowest A Sweep rate to
at least 0.5 s per division. STORE Mode sweep speed is not
variable for acquisitions made during a single sweep (0.2 s
to 0.1 ms per division), but the control does vary the STORE
mode sweep for equivalent-time sampling (50 us to 0.1 us
per division). Variable holdoff increases the NON STORE
holdoff time by up to ten times normal. STORE display
holdoff times are a function of the microprocessor operation
and are not directly controllable from the front-panel.

Horizontal Display Modes for NON STORE sweeps are
selected from a choice of A Sweep, B Delayed Sweep, or A
Intensified alternated with B Delayed (ALT) for the time
X-axis displays. X-axis drive for the X-Y displays is obtained
from the CH 1 OR X input signal, while vertical deflection for
the X-Y display is provided by the CH 2 OR Y input signal.

The NON STORE X-Y display cannot be digitized, but the
STORE and VIEW digitized waveforms do have a menu-
selectable X-Y Display Mode.

When the ALT Horizontal Display Mode is selected, trace
separation between the A Intensified Sweep and the B
Sweep is menu selectable from zero to two divisions in 0.5
division steps.

In the STORE Mode, the 336 has a useful storage band-
width of dc-to-50 MHz for equivalent-time sampling of repet-
itive signals and a dc-to-140 kHz useful storage bandwidth
for signals acquired during a single sweep. Acquired signals
will be displayed with a bright, flicker-free trace. Digital stor-
age horizontal acquisition range is 50 us to 0.1 us per divi-
sion for equivalent-time sampling (multiple sweeps required
to obtain the waveform) and 0.2 s to 0.1 ms per division for
real-time acquisitions (waveforms are acquired during a sin-
gle sweep). The Horizontal Display Mode must be set to
either A only or B delayed only to enable the STORE Mode.
(It is not enabled during ALT Horizontal Dispiay Mode.)

A ROLL Mode storage feature, with a range of 20 s to
0.5 s per division, is very useful for viewing low-frequency
and low-repetition rate signals. The ROLL Mode is automat-
ically entered when the SEC/DIV switch is set to 0.5 s per
division or slower. Waveform data is acquired and displayed
in a scrolling manner as the display moves from right to left
on the crt.

The digital storage acquisition modes are NORMAL, EN-
VELOPE, and AVERAGE. NORMAL and AVERAGE Stor-
age are useful over the entire STORE Display Mode
SEC/DIV range (0.2 s to 0.1 us per division); ENVELOPE
Storage Mode functions from 2 ms to 0.2 s per division and
is not enabled outside of that range of sweep speeds.
Waveforms acquired during a single sweep (real-time sam-
pling) have a trigger-point selection feature available. The
menu-selected feature allows the user to choose PRE TRIG,
MID TRIG, or POST TRIG data acquisition for viewing data
prior to, on either side of, and after the single-sweep trigger-
ing event. Equivalent-time sampling (50 us to 0.1 us per divi-
sion) is done with a Full Post Trig acquisition window (all the
waveform data acquired occurs after the trigger event).

Digitized STORE waveforms are entered into the VIEW
memory by pressing the ENTER push button. The stored
waveform is recalled for display or processing by pressing

11
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the VIEW push button. For making waveform comparisons,
a single channel VIEW and STORE display of the CH 1
waveform may be displayed simultaneously (CH 1 VERT
MODE). However, when any VERT MODE other than CH 1
is selected, VIEW and STORE waveforms can not be dis-
played together. Either VIEW or STORE waveforms may be
displayed with the NON STORE waveforms.

In either STORE or VIEW Display Mode, cursors may be
used to make simultaneous voltage and time measurements
on the digitized waveform displays. The measurement re-
sults are displayed as a crt readout having three-digit
resolution.

Two types of waveform processing are also avaitable on
the digitized displays. A menu-selected feature enables ei-
ther addition, subtraction, and muttiplication of the CH 1 and
CH 2 waveforms or the calculation of the rms, peak-to-
peak, and mean values of the waveforms with direct crt
readout of the calculation results.

The 336 trigger circuitry has A Trigger Modes of p-p
AUTO, NORMAL, and SINGLE Sweep. The B Trigger
Modes are RUNS AFTER DELAY and Triggerable After De-
lay. Trigger SOURCE and COUPLING choices are the same
for both A and B Trigger signals. Push-button controls are
used to select CH 1 SOURCE and AC COUPLING. The
remaining Trigger SOURCES (CH 2, EXT, EXT/10, and
LINE) are selected under MENU control as are the remain-
ing Trigger COUPLING Modes (DC, HF REJ, LF REJ, and
TV SYNC). An LED is lighted behind the clear plastic push
buttons to indicate when a particular mode or menu is
selected.

An analog X-Y output feature permits the use of an ex-
ternal X-Y Plotter for making hard copies of the VIEW wave-
forms. This feature is menu controllable and has a choice
two plotting speeds: FAST and SLOW. Calibration signals
provided by the 336 enable the user to calibrate the X-Y
Plotter deflection to the instrument’s graticule.

The Option 01 for the 336 combines the General Purpose
interface Bus (GPIB) and an extended memory in one option
package. The GPIB is a menu-selectable feature that en-
ables a GPIB controlier to obtain the stored waveform data
over an eight-bit, parallel IEEE-488 data bus. The waveform
data can then be either stored for future reference or ana-
lyzed to determine the waveform parameters. The 336 GPIB
feature can be set up either to be addressed to talk or as a
talker only. Setting of the instrument’s my talk address
(mta) or the TALK-ONLY Mode (TON) is done under menu
control. The 336 GPIB interface is a talker only and, as
such, has no remote control capability of the front panel
settings.

Optional extended memory adds storage for up to eight
stored frames (16 stored waveforms) to the standard instru-
ment’s one-frame (two-waveform) storage capability to pro-
vide a VIEW memory stack capable of storing 18 wave-
forms. The option includes a battery backup that maintains
the stored data, the front-panel switch settings, and menu
selections that were in effect at power off. With Option 01
installed, the instrument powers on with the same operating
conditions present at power off (diagnostic mode excluded).

Additional options not affecting the instrument’s opera-
tion are the selection of the proper power cord for interna-
tional use. Options A1 through A5 provide a selection of the
most used power cord plugs, and the instrument comes
equipped with the option requested at the time of ordering.

The 336 is shipped with the following standard
accessories:

2 Probe packages

1 Instrument accessories pouch
1 Zip-lock accessories pouch

1 Operators manual

1 Service manual

1 Power cord (as per power cord option ordered)
11.5A, 250V fuse

1 Front-panel cover

1 Menu diagram label (installed in the front-panel cover)
1 Clear plastic crt filter

For part numbers and further information about both
standard and optional accessories, refer to either “Options
and Accessories” (Section 7) in the Operators manual or the
Accessories information at the rear of this manual. Your
Tektronix representative or local Tektronix Field Office can
also provide accessories information and ordering
assistance.

PERFORMANCE CONDITIONS

The following electrical characteristics (Table 1-1) are
valid for the 336 when it has been adjusted at an ambient
temperature between +20°C and +30°C, has had a warm-
up period of at least 20 minutes, and is operating at an
ambient temperature between 0°C and +55°C for the stan-
dard instrument or between 0°C and +45°C for the Option
01 instrument (unless otherwise noted).

Items listed in the “Performance Requirements” column
are verifiable qualitative or quantitative limits that define the
measurement capabilities of the instrument.

Environmental characteristics are given in Table 1-2. The
environmental tests performed meet MIL-T-28800B, Type
ill, Class 3, Style D, for Altitude, Vibration, and Shock.
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Mechanical characteristics of the 336 are listed in Table
1-3, and Option 01 characteristics are given in Table 1-4.

Table 1-1
Electrical Characteristics

Characteristics Performance Requirement
VERTICAL DEFLECTION SYSTEM

Deflection Factor

Range 5 mV per division to 10 V per division in a 1-2-5 sequence of 11 steps.
Accuracy (NON STORE Mode) Graticule indication is within +3%.

Uncalibrated (VAR) Range Continuously variable between settings of the VOLTS/DIV switch. Extends
(NON STORE Mode) deflection factor of 10 V per division setting to at least 25 V per division.
Frequency Response (NON Five-division reference signal from a terminated 50 @ system, with VAR

STORE Mode) VOLTS/DIV in the calibrated detent (CAL).

Bandwidth (Channel 1 and Channel 2)

0°C to +40°C DC to at least 50 MHz.
+40°C to +55°C DC to at least 40 MHz.2
ADD Mode

0°C to +55°C DC to at least 30 MHz.

AC Coupled Lower —3 dB Point

1X Probe 10 Hz or less.?
10X Probe 1 Hz or less.
Step Response (NON STORE Mode) Four-division reference signal, dc coupled at all deflection factors, from a

50 @ terminated system; vertically centered with the VAR VOLTS/DIV in
the calibrated detent (CAL).

Rise Time
, ) 0.35
0°C to +40°C 7 ns or less (calculated).? Rise Time¢ = ————
BW (in MHz)
Input R and C
Resistance 1 MQ, within 2%.2
Capacitance Approximately 33 pf.2

Maximum Input Voltage A
AC and DC Coupled 200 V (dc + peak ac); 200 V p-p ac at 1 kHz or less.

DIGITAL STORAGE VERTICAL ACQUISITION

Accuracy Scaled binary value of the stored digital word is within 3% of true input
voltage.

1-3
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Table 1-1 (cont)

Characteristics

Performance Requirement

DIGITAL STORAGE VERTICAL ACQUISITION (cont)

Useful Storage Bandwidth

Real Time Sampling

With SEC/DIV switch set to 0.1 ms per division.
DC to 140 kHz (7 samples per cycle at 140 kHz).2

Equivalent Time Sampling

0°C to +40°C

Five-division reference signal, vertically centered.

DC to at least 50 MHz.

+40°C to +55°C

DC to at least 40 MHz.2

Signal Averaging
Range

8, 16, 32, 64, 128, or 256 waveforms.

Envelope Mode (2 ms to 0.2 s per division)

Range

1, 8, 16, 32, 64, 128, or 256 waveforms and continuous.

Frequency Response

Five-division reference signal, vertically centered.

DC to 10 MHz at —3 dB.

Minimum Pulse Width

At least 10 us (—10% amplitude).?

TRIGGERING

Sensitivity (NORM Trigger Mode)
AC Coupled

When using EXT/10 SOURCE, multiply external requirements by 10.

0.3 division internal or 70 mV external from 30 Hz to 10 MHz; increasing to
1.5 divisions internal or 350 mV external up to 50 MHz.

LF REJ Coupled

0.5 division internal or 140 mV external from 50 kHz to 10 MHz; increasing
to 1.5 divisions internal or 700 mV external up to 50 MHz. (Attenuates
signals below approximately 50 kHz.)

HF REJ Coupled

0.5 division internal or 140 mV external from 30 Hz to 50 kHz. (Attenuates
signals above approximately 50 kHz.)

DC Coupled

0.3 division internal or 70 mV external from dc to 10 MHz; increasing to 1.5
divisions internal or 350 mV external up to 50 MHz.

Trigger Jitter
NON STORE Mode

1 ns or less at 50 MHz with SEC/DIV set for 10 ns per division and X10
MAG on.

STORE Mode (real-time sampling only)

+1 sample period.

External Trigger Inputs
Maximum Input Voltage A

200 V (dc + peak ac); 200 V p-p ac at 1 kHz or less.?

Input Resistance

External SOURCE Selected

1 MQ, within 10%.?

External SOURCE not Selected

1.13 MQ, within 10%.?

Input Capacitance

Approximately 33 pf.2

———
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Table 1-1 (cont)

Characteristics

Performance Requirement

TRIGGERING (cont)

LEVEL Control Range

EXT
EXT/10

Atleast =1 V.
At least =10 V.

A External Trigger View (NON STORE Mode

and DC Trigger COUPLING)

Deflection Factor

EXT 100 mV per division, +5%.
EXT/10 1 V per division, *5%.
Rise Time 10 ns or less.?
Bandwidth

0°C to +44°C
+40°C to +55°C

DC to at least 35 MHz.
DC to at least 25 MHz.

Acquisition Window Trigger Point

Real Time Sampling
(single-sweep storage)

PRE TRIG

7/8 of the waveform acquisition window occurs prior to the triggering event.

MID TRIG

4/8 of the waveform acquisition window occurs prior to the triggering event.

POST TRIG

1/8 of the waveform acquisition window occurs prior to the triggering event.

Equivalent Time Sampling
(multiple-sweep storage)

Full post trigger. Trigger point is approximately 1 division + 300 ns prior to
the start of the acquisition window.

TV SYNC SEPARATOR

Triggering

Sync Separation

With CH 1 and CH 2 Input Coupling switches set to DC.

Stable video rejection and sync separation from sync-negative NTSC or
PAL composite video.

Trigger Amplitude
Min Max

Internal

Composite Video (Nominal)® 1.5 div 15 div

Composite Sync 0.5 div 20 div
External

Composite Video (Nominal) 300 mv 15V

Composite Sync 50 mv 20V
EXT/10

Composite Video (Nominal) 3V 15V

Composite Sync 500 mV 20V

REV DEC 1983
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Table 1-1 (cont)

Characteristics

Performance Requirement

HORIZONTAL DEFLECTION SYSTEM

Sweep Rate (NON STORE Mode)
Calibrated Range

A Sweep 0.2 s per division to 0.1 us per division in a 1-2-5 sequence of 20 steps. X10
MAG extends the maximum sweep rate to 10 ns per division.
B Sweep 50 ms per division to 0.1 us per division in a 1-2-5 sequence of 18 steps.
X10 MAG extends the maximum sweep rate to 10 ns per division.
Accuracy Within the given percentages of the indicated value. Accuracy specification

+20°C to +30°C
0°Cto +55°C

applies over the center eight divisions. Exclude the first and last 50 ns of
the 10 ns and 20 ns per division sweep rates when in X10 MAG.

Unmagnified Magnified
Within 2% Within 3%
Within 3%? Within 4%?2

Two-division Linearity Check

+20°C to +30°C
0°Cto +55°C

Over any two-division portion of center eight divisions. Exclude the first and
last 50 ns of the 10 ns and 20 ns sweep rates when in X10 MAG.

Unmagnified Magnified
Within 4% Within 5%
Within 5%? Within 6%

Differential Time Measurement Accuracy
(NON STORE Mode)

+15°C to +35°C

Within + (1.5% of the indicated value + 1% of the A SEC/DIV switch
setting).

0°Cto +15°C and +35°C to +55°C

Within + (2.5% of the indicated value + 1% of the A SEC/DIV switch
setting).

Delay Time Jitter (NON STORE Mode)

1 part or less in 10,000 (0.01% of 10 times the A SEC/DIV switch setting).

Calibrated Delay Time (VAR SEC/DIV
control in the calibrated detent)

Continuous from 1 us to at least 1.9 s after the delaying (A) sweep.

Delay Time Resolution

14 bit.?

Alternate Sweep (ALT)
(NON STORE Mode)

Trace Separation (TRACE SEP)
(Menu Selectable)

Approximately 0, 0.5, 1.0, 1.5, or 2.0 divisions.

Variable Range (VAR SEC/DIV)
(A Sweep and NON STORE Mode)

Continuously variable between calibrated settings of the A SEC/DIV
switch. Extends the slowest A Sweep rate to at least 0.5 s per division.
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Table 1-1 (cont)

Characteristics

Performance Requirement

HORIZONTAL DEFLECTION SYSTEM (cont)

X-Y Operation (NON STORE Mode)

X-Axis Deflection Factor

Same as vertical system.

Variable Range

Same as vertical system.

X-Axis Bandwidth

With an eight-division reference signal. DC to at least 1 MHz.

Input Resistance

Same as vertical system.?

Input Capacitance

Same as vertical system.?

Maximum Useable Input Voltage A

Same as vertical system.®

Deflection Accuracy

Graticule indication is within 4% of true input voltage.

DIGITAL STORAGE HORIZONTAL ACQUISITION

Range

Equivalent Time Sampling

50 us per division to 0.1 us per division.

Real Time Sampling

0.2 s per division to 0.1 ms per division.

Roll Mode

20 s per division to 0.5 s per division.

Envelope Mode

0.2 s per division to 2 ms per division.

Accuracy {Sample Period)

Real Time Sampling

Sample clock is within 0.1% of the selected sample period.?

Equivalent Time Sampling

Exclude the first and last 0.5 division of the X1 Horizontal Acquisition
Window.

+20°C to +30°C Within 3%.
0°C to +20°C and +30°C to +55°C Within 4%.2
Dynamic Range 10.24 divisions.?

STORAGE DISPLAY

Vertical

Resolution

8 bit.®

Differential Accuracy

Graticule indication of voltage cursor difference is within 2% of readout
value, measured over the center six divisions.

Horizontal

Resolution

10 bit.?

Differential Accuracy

Graticule indication of time cursor difference is within 2% of the readout
value, measured over the center eight divisions.
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Table 1-1 (cont)

Characteristics

Performance Requirement

READOUT

CURSOR Accuracy
av

Within =(3% of reading + 4% of VOLTS/DIV switch setting).

At

Real Time Sampling Acquisitions

Within +0.1% of full scale.

Full-scale both vertically and horizontally is 10.24 divisions.

Equivalent Time Sampling
Acquisitions

+20°C to +30°C Within 3%.
0°C to +55°C Within 4%.2
PROCESS
Process Accuracy
WFM
CH1+CH2 Within 6%.
CH1 —-CH2 Within 6%.
CH1XCH2 Within 7%.
PARAMETERS Without window effect.
RMS Within £(3% + 6% of VOLTS/DIV setting).
P-P Within +=(3% + 4% of VOLTS/DIV setting).
MEAN Within £(3% + 4% of VOLTS/DIV setting).
CHART OUTPUT
Clock Rate FAST or SLOW (menu selectable).
Amplitude 500 mV per division, +10%.

Output Impedance

220 Q, £10%.2

CALIBRATOR

Output Voltage
0°C to +40°C

0.3 V, within 1%.

Repetition Rate

Approximately 1 kHz.

Output Resistance

Approximately 5 kQ.2

Z-AXI1S INPUT

Sensitivity

3 V p-p signal causes noticeable modulation at normal display intensity.
(Positive signal decreases intensity.)

Useable Frequency Range

DC to 1 MHz.2

Input Resistance

At least 10 kQ.2

Maximum Input Voltage A

25 V peak, maximum.?
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Table 1-1 (cont)

Characteristics Performance Requirement

POWER SOURCE

Line Voltage Ranges

115 V (Nominal) 90 Vto132V ac.
230 V (Nominal) 180V to 250 V ac.
Line Frequency 48 Hz to 440 Hz.2

Power Consumption

Maximum 50 watts (75 VA).®

Typical 35 watts (55 VA).?

aperformance requirement not checked in manual.
bpeak video is approximately 7/3 sync amplitude for nominal video signal.
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Table 1-2
Environmental Characteristics

Characteristics

Performance Requirements

Temperature
Nonoperating (Storage)

Standard Instrument

Environmental tests performed meet MIL-T-288008, Type I, Class 3,
Style D, for Altitude, Vibration, and Shock.

—25°C to +75°C.

Option 01 Instrument

—20°C to +65°C.

Operating

Standard Instrument

0°C to +55°C.

Option 01 Instrument

0°C to +45°C.

Altitude

Nonoperating (Storage)

To 50,000 feet.

Operating To 15,000 feet. Maximum operating temperature decreases 1°C for each
1,000 feet above 5,000 feet.
Humidity
Nonoperating Five cycles (120 hours) of MIL-STD-202D. Omit freezing and vibration. Per-
formance test passed after drying period at +25°C £5°C at 20% to 80%
relative humidity.
Vibration
Operating A 15-minute sweep along each of three major axes at a total displacement

of 0.025 inch p-p (four g at 55 Hz), with frequency varied from 10 Hz to
55 Hz to 10 Hz. Hold 10 minutes at each major resonance, or if no major
resonance present, hold 10 minutes at 55 Hz.

Shock (Operating and Nonoperating)

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

EMI (electromagnetic interference)

Meets MIL-STD-461B when tested in accordance with the following test
methods of MIL-STD-462: CEO1, CEQ3, CS02, REQ2 (limited to 1 GHz),
REO4, RS01, and RSO3 (limited to 1 GHz).

Packaged Transportation Drop

Meets the limits of the National Safe Transit Association test procedure
1A-B-2; 10 drops of 36 inches (Tektronix Standard 062-2858-00).

Packaged Transportation Vibration

Meets the limits of the National Safe Transit Association test procedure
1A-B-1; excursion of 1 inch p-p at 4.68 Hz (1.1 g) for 30 minutes (Tektronix
Standard 062-2858-00).

Bench Handling (with and without
cabinet installed)

Meets MIL-STD-810C, Method 516.2, Procedure V (MIL-T-28800B, Sec-
tion 4.5.5.4.4).

1-10




Table 1-3
Mechanical Characteristics

Specification—336 Service

Characteristics

Description

Weight

Without Panel Cover, Accessories, and Ac-
cessory Pouch

Standard Instrument

5.0 kg (11.1 Ib).

Option 01 Instrument

5.1 kg (11.3 Ib).

Height

With Feet 112 mm (4.41 in).
Width

With Handle 237 mm (9.33 in).

Without Handle

194 mm (7.64 in).

Depth
Handle Extended

482 mm (18.98 in).

Without Handle

370 mm (14.57 in).

With Front Panel

375 mm (14.75 in).
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Table 1-4
Option Characteristics

Characteristics

Performance Requirements

OPTION 01—GENERAL PURPOSE INTERFACE BUS (GPIB) AND EXTENDED MEMORY

Interface Function

SH1 Source Handshake.

AH1 Acceptor Handshake.

T1 Basic talker, Talk Only mode, serial poll.
LO No Listener.

SR1 Service Request.

RLO No Remote/Local.

PPO No Parallel Poll.

DC22 Device Clear.

DTO No Device Trigger.

co No Controller.

Waveform Data

Will conform to Tektronix Interface Standard (GPIB Codes, Formats, Con-
ventions, and Features Standard, 062-1780-02).

With no waveform data acquired, only the 1D part of the waveform mes-
sage will be transmitted.

Battery (NiCd)

Nominal Capacity

3.6 V, 50 mAH.

Data Retention®

At least three days (after eight hours of operation).

Extended Memory

16 kbyte (up to eight frames of two waveform storage capacity). (Added to
the standard instrument’s 2 kbyte VIEW memory.)

1-12

aif device clear (DCL) is received during transmission of data, the 336 goes to a state of having to restart the transmission, and the
buffer containing the ID and waveform message is cleared. The 336 remains addressed to talk, and does not have to receive a new My
Talk Address (MTA) to become a talker again. When DCL is removed, the 336 restarts the 1D and waveform from the beginning. To
cease the transmission, the controller must sent DCL and UNTALK. After stopping the transmission in this manner, a new MTA must be
received to start transmitting again. The DCL will clear any service request and all pending events except power on. DCL will not clear
an SRQ issued as part of the power-on routine. To remove the power-on SRQ, the instrument must be made a talker, and the status
byte sent. This action ensures that the controller knows the 336 is powered up on the bus.

bAIl the front panel settings except RESET and all the menu-selectable functions except PROCESS and DATA OUT are retained in
memory. The stored ground references and GPIB address are also retained as is the waveform data stored in the VIEW memory stack.
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OPERATING INFORMATION

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, intended to familiarize the operator with basic
measurement techniques, and operator’'s checks and adjustments for the 336 are included. For additional operating informa-
tion, refer to the 336 Operators Manual.

PREPARATION FOR USE

SAFETY CONSIDERATIONS LINE VOLTAGE SELECTION
Refer to the Safety Summary at the front of this manual The 336 operates from either a 115-V or 230-V nominal
for power source, grounding, and other safety consider- ac power source having a line frequency ranging from 48 to
ations pertaining to the use of the instrument. Before 440 Hz. Before connecting the power cord to a power-input
connecting the oscilloscope to a power source, read entirely source, verify that the Line Voltage Selector is set to the
both this section and the Safety Summaries. proper nominal voltage. To determine the Line Voltage Se-

lector setting, focate the setting indicator on the rear panel
of the instrument (refer to Figure 2-1). The nominal voltage
and the range over which the instrument will operate are
indicated by the installation of a black, Phillips-head screw.
If the internal voltage selection is not correct for your loca-
tion, use the following procedure to change the setting.
This instrument may be damaged if operated with the

Line Voltage Selector set for the wrong applied ac 1. Remove the instrument cabinet. (See Cabinet removal
source voltage or if the wrong fuse is installed. instructions in the “Maintenance” section of this manual.

LINE POWER CORD LINE VOLTAGE

FUSE RECEPTACLE INDICATOR
4420-02

Figure 2-1. Line voltage indicator, line fuse, and power cord receptacle.

REV DEC 1983 2-1
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2. Remove the top cover of the power supply module.

NOTE

The last screw at the rear on the left side of the instru-
ment holds the heat sink for the power supply switch-
ing transistor. Do not remove it.

3. The line voltage selector plug is located under a plas-

tic shield at the top rear of the power supply module. Line
voltage selection positions are printed on the shield.

The power supply filter capacitors retain a charge for
a short period of time after the power is turned off.
Use care not to come in contact with exposed con-
nections when moving the line voltage selector.

4. Pull the line voltage selector off the square-pins and
move it to the correct line voltage range.

5. Replace the top cover of the power supply.

6. Reinstall the instrument cabinet.

Table 2-1
International power cord data
Plug Line Reference Option
Configuration Usage Voltage Standards Number
North ANSI C73.11
American 120v NEMA 5-15-P | Standard
120v/ IEC 83
156A
Universal
Euro CEE (7). 110V, VIl
240v/ 240V | g 83 A
10-16A
UK
240v/ 240V N o A2
13A
Australian
240V/ 240V AS C112 A3
10A
A:::::a N ANSI C73.20
240V NEMA 6-15-P A4
240V/ IEC 83
15A
Switzerland
220V/ 220V SEV A5
6A
Abbreviations:
ANSI — American National Standards Institute
AS — Standards Association of Australia
BS — British Standards Institution
CEE — International Commission on Rules for the
Approval of Electrical Equipment
IEC — International Electrotechnical Commission
NEMA — National Electrical Manufacturer's Association
SEV — Schweizevischer Elektrotechischer Verein 2931-21

2-2

7. Move the line voltage indicator, on the rear panel, to
the correct position.

LINE FUSE

To verify that the instrument line fuse is of the proper
value, perform the following procedure:

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

2. Pull the cap (with the attached fuse inside) out of the
fuse holder.

3. Verify proper fuse value (1.5 A, fast-blow, 3AG).

4. Install the proper fuse and reinstall the fuse and cap in
the fuse holder.

POWER CORD

This instrument has a detachable, three-wire power cord
with a three-contact plug for connection to both the power
source and protective ground. The protective-ground con-
tact on the plug connects (through the power cord protec-
tive-grounding conductor) to the accessible metal parts of
the instrument. For electrical-shock protection, insert this

_plug into a power-source outlet that is properly grounded.

Instruments are shipped with the required power cord as
ordered by the customer. Available power-cord information
is presented in Table 2-1. Part numbers are listed in the
Accessories information at the rear of this manual. Contact
your Tektronix representative or local Tektronix Field Office
for additional power-cord information.

INSTRUMENT COOLING

To prevent instrument damage from overheated compo-
nents, adequate internal airflow must be maintained at all
times during operation. Before turning on the power, first
verify that the air-intake holes in the top of the instrument
cabinet and the fan-exhaust holes in the right side panel are
free of any obstructions to airflow. After turning on the
power, verify that the fan is on.

START-UP

The 336 automaticaily performs power-up tests each
time the instrument is turned on. The purpose of these tests
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is to provide the user with the highest possible confidence
level that the instrument if fully functional. If no faults are
encountered, the power-up test normally will be completed
in under five seconds, after which the instrument will enter
the normal operating mode. A failure of any of the power-up
test will be indicated by error message display on the crt. If
an error message should appear, turn off the power and
then turn it back on again to ascertain if the error occurs a
second time. The instrument’s ability to function for any
type of measurement depends on the nature of the failure
and the circuitry involved. If the failure persists, refer the
instrument to a qualified service technician for repairs.

Additional information on the power-up test and oper-
ator-initiated diagnostics may be found in “Maintenance”
(Section 6) in this manual. Consult your service department,
your local Tektronix Service Center, or nearest Tektronix
representative if additional assistance is needed.

REPACKAGING FOR SHIPMENT

If this instrument is to be shipped by commercial trans-
portation, it is recommended that it be packaged in the origi-
nal manner. The carton and packaging material in which
your instrument was shipped to you should be saved and
used for this purpose.

REV DEC 1983
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If the original packaging is unfit for use or is not available,
repackage the instrument as follows:

1. Obtain a corrugated cardboard shipping carton having
inside dimensions at least six inches greater than the in-
strument dimensions and having a carton test strength of
at least 350 pounds per square inch (24.5 kg per square
centimeter).

2. If the instrument is to be shipped to a Tektronix Ser-
vice Center for service or repair, attach a tag to the in-
strument showing the following: the name of a person at
your firm who can be contacted, complete instrument
type and serial number, and a description of the service
required.

3. Wrap the instrument with polyethylene sheeting or
equivalent to protect the outside finish and prevent entry
of packing materials into the instrument.

4. Cushion the instrument on all sides by tightly packing
dunnage or urethane foam between the carton and the
instrument, allowing three inches on each side.

5. Seal the carton with shipping tape or with an indus-
trial stapler.

6. Mark the address of the Tektronix Service Center and

your return address on the carton in one or more promi-
nent locations.

2-3
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CONTROLS, CONNECTORS, AND INDICATORS

INTRODUCTION

The following descriptions are intended to familiarize the
operator with the location and functions of the instrument’s
controls, connectors, and indicators. Detailed descriptions
provide the user with the limitations of certain of the fea-
tures with regard to sweep speeds, display modes, and
other conditions that affect the control's operation.

POWER, CRT, AND DELAY TIME/CURSOR
POSITION CONTROLS

Refer to Figure 2-2 for the location of items 1 through 5.

@ POWER Switch—Turns the instrument power on
and off. Push in once to apply power to the instru-
ment; push in again to release the switch and re-
move power from the instrument. When power is
applied a power-up routine automatically runs for
approximately five seconds or less. At the end of
that time, if no faults are located, the instrument en-
ters the normal operating mode. Instruments with
the battery backup that is included with Option 01,
will power-up in the same operating mode present at
power-down (exciuding diagnostics). The standard
instrument, will power-up with the following default
settings:

DISPLAY MODE NONSTORE
VERT MODE CH1

CH 1 VOLTS/DIV 50 mV

CH 2 VOLTS/DIV 50 mv

CH 2 INVERT Off

A SEC/DIV 2ms
TRIGGER MODE AUTO
TRIGGER SOURCE CH 1
TRIGGER COUPLING AC

@ INTENSITY Control—Determines the brightness of
the crt NON STORE waveform displays only.
Screwdriver controls accessed through the bottom
of the cabinet are provided for the readout and
stored waveform displays (both STORE and VIEW).
See Figure 2-11 for the location of the bottom panel
controls.

@ FOCUS Control—Used to adjust for optimum dis-
play definition.

24

@ DLY TIME/CURSOR Position Controls—Set the
delay time for the B DLY'D Sweeps or position the
cursors (one at a time) for making time and voltage
measurements on the display STORE and VIEW
waveforms. When setting time delay, the left push
button decreases delay time, and the right push but-
ton increases it. The amount of delay is displayed in
the crt readout. Pressing both the DLY TIME/
CURSOR buttons at the same time zeros the delay
time readout at the current delay setting.

Cursor measurements can only be made on the
STORE or the VIEW wave-form displays. Menu se-
lection is required to obtain the CURSORS Mode
and also to select which of the cursor dots will be
positioned by the DLY TIME/CURSOR position con-
trols. The left push button positions the active
cursor to the left, and the right push button positions
it to the right. Activating the second cursor for po-
sitioning is done by pressing MENU button *“17,
Each press of the “1” MENU button alternately acti-
vates the cursors.

The active cursor will move incrementally with each
push of one of the DLY TIME/CURSOR buttons.
Continuing to hold the button down will cause the
cursor to start fast positioning movement in the se-
lected direction. When X10 MAG is on, the intensi-
fied cursor dots move approximately one-tenth
slower so the apparent positioning rate of the dot
remains the same between X10 MAG on and X10
MAG off. The rate at which a cursor is positioned is
also a function of the microprocessor operations in
progress. Complex operations such as AVERAGE
and PROCESS may slow down cursor positioning.
Pressing both the DLY TIME/CURSOR buttons at
the same time, positions the two cursor dots to the
center of the digitized waveform and zeros the AV
and At readouts.

The cursor measurement results are displayed at
the bottom of the crt with the CH 1 AV measure-
ment first, followed by CH 2 AV (if CH 2 is dis-
played), then the At measurement. If ADD VERT
MODE is selected, the AV readout for VIEW wave-
forms is in divisions rather than in volts. The
CURSORS Mode menu remains displayed even if all
the traces are removed from the crt, to remind the
user that the CURSORS Mode is on.

———
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Figure 2-2. Power, CRT, and DLY TIME/CURSOR controls.

Exiting the CURSORS Mode is done by pressing
the MENU “2” button. At that point the CURSORS
Mode is off, but it will be reentered again if the
MENU LAST push button is pressed to recall the
CURSORS Menu. If another Main MENU selection
is made after turning the cursors off, pressing the
LAST button returns it rather than the CURSORS
Menu.

@ Internal Graticule—Eliminates parailax viewing er-
rors. Rise time and amplitude measurement points
are indicated at the left edge of the graticule.

VERTICAL CONTROLS

Refer to Figure 2-3 for the location of items 6 through 11.

@ AC-GND-DC Input Coupling Switches—Select the
method of coupling the input signal to the vertical
deflection system. Switch positioning is read by the
microprocessor, and the processor then controls
magnetic reed switches to obtain the selected input
coupling.

Figure 2-3. Vertical controls.

AC Position. Signals are capacitively coupled to
the vertical input amplifier. The dc component of
the input signal is blocked.

DC Position. All frequency components of the in-
put signal are passed to the vertical input
ampilifier.

GND Position. The input to the vertical amplifier
is grounded to provide a ground reference. In the
GND position, the ac input coupling capacitor is
allowed to precharge to the input signal dc level
to prevent a sudden trace shift when switching
from GND to AC input coupling. The GND posi-
tion is used in the STORE Mode to acquire a
ground reference level for use with the Storage
PROCESS Menu selection. The ground reference
is required for making the waveform calculations
on the STORE or VIEW waveform displays.
When STORE waveforms are entered into the
336 memory, the ground position is also stored
and used for processing the VIEW waveforms.
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VOLTS/DIV Switches—Select the vertical deflec-
tion factor for Channel 1 and Channel 2 from 5 mV
per division to 10 V per division in a 1-2-5 sequence
of 11 steps. The VAR control must be in the cali-
brated detent position to obtain a calibrated deflec-
tion factor. The deflection factor selected is
displayed in the crt readout. Probe coding is auto-
matically adjusted for in the readout scale factor.
The VOLTS/DIV switch position is read by the
microprocessor, and the processor selects the
proper attenuation by the use of magnetic reed
switches.

In the STORE Mode, AUTO position (one step
clockwise from the 5 mV per division setting) of the
VOLTS/DIV position enables autoranging on the ap-
plied input signal. A colon (:) in front of the
VOLTS/DIV readout indicates that autoranging is in
effect. At the completion of autoranging, the signal
will be displayed with between three to seven divi-
sions of amplitude (the approximate switching
points). Autoranging remains in effect until the
VOLTS/DIV switch position is changed, and any sig-
nal amplitude change that crosses the autoranging
switching points will switch the VOLTS/DIV readout
to a new setting. The VOLTS/DIV readout at the
end of autoranging is the new switch setting. Physi-
cally positioning the VOLTS/DIV switch exits the
autoranging function.

NOTE

If either external or LINE Trigger SOURCE is selected,
horizontal autoranging does not function. The SEC/
DIV switch must, therefore, be manually set to the
correct sweep speed. If the SEC/DIV switch is not set
to the correct sweep speed, vertical autoranging may
not be able to stabilize on one VOLTS/DIV setting.

VAR Controls—Provide variable uncalibrated de-
flection factors between the calibrated settings of
the VOLTS/DIV switches. Full clockwise rotation of
the VAR knob places the control in the calibrated
detent; full counterclockwise rotation of the VAR
knob increases the vertical deflection factor to at
least 2.5 times the indicated VOLTS/DIV setting.
With the VAR controi out of the calibrated detent, an
uncal symbol (>) is displayed in front of the
VOLTS/DIV readout for that channel; and cursor
voltage measurements will produce a crt readout
given in divisions rather than voltage units.

POSITION Controls—Control the vertical position
of the STORE and NON STORE displays on the crt.
In the X-Y Mode, the Channel 2 POSITION control

adjusts the vertical position of the display, and the
Channel 1 POSITION control adjusts the horizontal
position of the display. VIEW waveforms are not
vertically positionable after storing, but the STORE
waveforms respond to change in the vertical POSI-
TION controls with each update of the display data.
The vertical position of the STORE waveform is
stored when ENTER is pressed, and that is the verti-
cal position of the corresponding VIEW waveform
when it is displayed.

VERT MODE Switches (CH 1 and MENU)—Select
the vertical mode used to display the input signals.
The oscilloscope selects Channel 1 for display or
storage when the CH 1 push button is pressed.
Choosing other vertical modes is done by using the
VERT MODE MENU. Using the menu, the user has
a choice of CH 2, ADD, and TRIG VIEW (for external
trigger only) VERT MODE or either CHOP or DUAL
TRACE VERT MODE for two-channel displays (see
Figure 2-4). When TRIG VIEW VERT MODE is se-
lected, the CH 1 and CH 2 traces are displayed with
the TRIG VIEW trace. Both ADD and TRIG VIEW
VERT MODE disable the STORE Display Mode.

CH 1—Selects the Channel 1 input signal for dis-
play or storage when pressed. Menu selection is
not required to obtain the Channel 1 VERT
MODE. When selected, an LED is turned on to
light the clear plastic CH 1 push button. Channel
1 only is deselected and the menu choices are
displayed when the VERT MODE MENU push
button is pressed.

1 CH 2

...................................

>2 CHOP

© 3 DUAL TRACE

L5 TRIG VIEW

4420-06

Figure 2-4, VERT MODE Menu with CHOP Mode selected.




MENU—Selects the VERT MODE MENU for dis-
play on the crt and turns off the CH 1 LED. VERT
MODE selection is then made by pressing the
numbered keys indicated by the menu display be-
fore the menu times out. When a VERT MODE
MENU selection is the current operating mode,
the MENU push button is lighted.

1 CH 2. Selects the Channel 2 input signal for
display for NON STORE, STORE, and VIEW dis-
plays modes.

2 CHOP. Displays Channel 1 and Channel 2 input
signals and selects the CHOP Mode for switching
between the displayed traces. The chopping fre-
quency is approximately 150 kHz at all SEC/DIV
settings.

3 DUAL TRACE. Displays Channel 1 and Channel
2 input signals and switches between the vertical
channel displays either in the CHOP Mode or Al-
ternate Mode, depending on the SEC/DIV setting.
Alternate switching between the traces occurs
during holdoff time at the end of each sweep for
sweep speed settings faster than 1 ms per divi-
sion. With sweep speeds settings of 1 ms per di-
vision and slower, the NON STORE displays are
switched between channels at the CHOP rate.

In NORM and AVERAGE STORE MODE, the dig-
ital storage memory acquires the Channel 1 and
Channel 2 input signals interleaved, each with
1024-sample (10-bit) resolution. In ENVELOPE
MODE, Channel 1 and Channel 2 input signals
are acquired alternately with 512-sample (8-bit)
resolution for the MIN and MAX envelopes of
each waveform. STORE and VIEW waveform
traces are alternately displayed at all sweep
speeds.

4 ADD. Selects the algebraic sum of the Channel
1 and Channel 2 input signals to be displayed in
NON STORE. The NON STORE ADD display
cannot be stored. A digital add mode for STORE
and VIEW displays is available by using the CH 1
+ CH 2 and CH 1 — CH 2 waveform PROCESS
Menu selections. VIEW waveforms may be dis-
played with the NON STORE ADD trace. STORE
Mode is not enabled when ADD VERT MODE is
being displayed, and if it is on when ADD VERT
MODE is selected, the STORE Mode will be
turned off.

5 TRIG VIEW. Selects the signal applied to the
EXT TRIG IN connector for display if either EXT
or EXT/10 TRIG SOURCE is also selected. The
Channel 1 and Channel 2 traces are displayed
with the external trigger signal. STORE Mode is
not enabled when the trigger view signal is being
displayed, but the VIEW waveforms may be dis-
played along with the NON STORE traces when
TRIG VIEW VERT MODE is selected.
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CH 2 INV Switch—Inverts the Channel 2 display
when pressed. Each press of the INV button toggles
the polarity of the displayed Channel 2 waveform.
When inverted, a down-arrow symbol appears in
front of the Channel 2 VOLTS/DIV readout.

The invert feature may be used to convert sync-
positive video signals to the correct polarity for
application to the TV Sync Separator circuitry.

HORIZONTAL CONTROLS

Refer to Figure 2-5 for the location of items 12 through

15.

@

VAR SWP/HOLDOFF Control—Either sets variable
A Sweep speed or variable holdoff time for the A
Sweep. The function is determined by the operator
using the SCOPE Menu choices. Full clockwise rota-
tion of the knob is the CAL position for variable
sweep and the NORM position for variable holdoff.
In its VAR SWP mode, the control affects the time
base of the NON STORE A Sweep and the STORE

Sm—
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Figure 2-5. SEC/DIV and Horizontal controls.
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Mode equivalent-time sampling A Sweep speeds.
However, for real-time storage sweep speeds and
ROLL Mode acquisitions, the VAR SWP control
does not change the time base from that set by the
SEC/DIV switch. When the VAR SWP control is out
of the CAL detent, and varying the A Sweep speed,
the crt delay-time and cursor delta-time measure-
ment readouts will be in divisions rather than in time
units. An uncalibrated A Sweep is also indicated by
a greater-than symbol (>) displayed in front of the A
SEC/DIV readout.

When the control is used in its VAR HOLDOFF
mode, it can be used to increase the A Sweep
holdoff (NON STORE sweeps only) by at least 10
times the NORM holdoff time. Storage holdoff times
are a function of the microprocessor operation.

A and B SEC/DIV Switch—Selects the calibrated
sweep rates for both the A and the B Sweeps and
controls the Horizontal Display Mode.

A Sweep. With the A SEC/DIV and B SEC/DIV
set to the same sweep speed, and the knob
pushed in, the switch selects A Sweep rates from
0.2 s per division to 0.1 us per division in a 1-2-5
sequence of 20 steps. Full counterclockwise rota-
tion to the end of the sweep speed settings se-
lects the NON STORE X-Y Display Mode. Sweep
speed settings of 0.5 s per division to 20 s per
division, automatically place the instrument in the
ROLL Storage Mode for data acquisition and
display.

In the NORMAL STORE Mode, the AUTO posi-
tion of the SEC/DIV switch (clockwise rotation of
the switch until a colon symbol appears in front of
the SEC/DIV readout) enables horizontal
autoranging on the applied input signal (if the sig-
nal amplitude is greater than 0.5 vertical division
and the oscilloscope is properly triggered). At the
completion of autoranging, 1.5 to 4 cycles of the
signal will be displayed across the full ten grati-
cule divisions. The SEC/DIV readout at the end of
autoranging is the new SEC/DIV switch setting.
Autoranging remains in effect until the SEC/DIV
switch is physically positioned. SEC/DIV
autoranging does not take place if an external or
LINE Trigger SOURCE is selected.

Aliasing can produce an incorrect autoranging re-
sult. A check of the NON STORE display will
quickly  confirm  whether the horizontal
autoranging resulted in the correct SEC/DIV set-
ting. In any storage mode, except ROLL, chang-
ing the SEC/DIV switch setting causes the
SEC/DIV readout to blink until the STORE dis-
play is updated to refiect the new switch setting.

ALTERNATE Sweep. Puling the A and B
SEC/DIV knob to the out position displays the
NON STORE A Intensified Sweep alternated with
the B Delayed Sweep and enables the switch to
set the B Sweep rates. Calibrated B Sweep rates
are from 50 ms per division to 0.1 us per division
in a 1-2-5 sequence of 18 steps. In ALT Horizon-
tal Display Mode, the menu-selectable TRACE
SEP feature can be used to separate the NON
STORE A Intensified Sweep from the B Delayed
Sweep vertically by up to two divisions in half-
division steps. In ALT, the STORE Mode display
is not enabled, and if on prior to entering ALT, it
will be turned off.

Delay time for the B Delayed Sweep is set using
the DLY TIME/CURSOR position push buttons. If
the B Trigger is set for RUNS AFTER DELAY, the
delay time position is continuously variable, and
the waveform displayed on the B Delayed trace
will move smoothly across the graticuie area as
the delay time is varied. When the B Trigger
MODE is set to Triggerable After Delay (out of
the RUNS AFTER DELAY detent position), the
display will jump from trigger point to trigger
point, and the waveform on the B Delayed trace
will appear to remain stationary if it is repetitive.

B DELAYED SWEEP. Pushing the A and B
SEC/DIV knob in, with the B Sweep speed set to
a faster rate than the A Sweep speed, changes
the Horizontal Display Mode to the B DLY'D
trace only. The B Sweep speed cannot be set
slower than the A Sweep speed. Rotating the
switch back to the A SEC/DIV setting established
prior to entering the B DLY'D Sweep display re-
turns the horizontal display back to the A Sweep
Display Mode.

NOTE

When the SEC/DIV knob is pulled to the out position
to enter ALT Horizontal Display Mode, the B SEC/DIV
readout is the same as the A SEC/DIV readout unless
the A SEC/DIV switch setting is at either 0.2sor 0.1 s
per division. At either 0.2s or 0.1s per division A
Sweep speed, pulling the SEC/DIV knob to the out
position displays the B Sweep speed at the slowest B
Sweep speed available (50 ms per division). Firmware
version 4.4 does not recognize that the A and B
Sweep speeds are automatically set to different
SEC/DIV settings, and the microprocessor continues
to respond to SEC/DIV switch changes just as at the
faster sweep speeds. The effects of this for the oper-
ator are the following:



1. Even though the B Sweep speed is set faster than
the 0.2 s or 0.1 s per division A Sweep speed, pushing
in the SEC/DIV knob will not switch the Horizontal
Display Mode to B Delayed until the SEC/DIV knob is
rotated at least one position clockwise after entering
the ALT Horizontal Display Mode.

2. When the X10 MAG feature is used, the B SEC/DIV
readout is switched incorrectly until the SEC/DIV knob
is rotated at least two positions clockwise from the
0.2 s A SEC/DIV switch setting or at least one posi-
tion clockwise from 0.1 s A SEC/DIV switch setting.
The slowest magnified B Sweep speed is 5 ms per
division even though the B SEC/DIV readout may be

indicating either 20 ms or 10 ms per division.

()

®

Horizontal POSITION Control—Positions the wave-
form displays (STORE, VIEW, and NON STORE)
horizontally, except the NON STORE X-Y display.
The menu displays and crt readouts are not
positionable with any front-panel control.

X10 MAG Switch—increases the display sweep
speeds by a factor of 10 when pressed in. Extends
the fastest sweep speed to 10 ns per division. The
push button must be pressed in a second time to
regain the X1 sweep speeds. The clear plastic X10
MAG button is lighted by a red LED when magnifica-
tion is in effect, and the crt SEC/DIV readout
switches to indicate the correct display sweep
speed. X10 MAG is not enabled for NON STORE

X-Y Display Mode, but it will horizontally magnify the
STORE and VIEW X-Y displays.

TRIGGER CONTROLS

Refer to Figure 2-6 for location of items 16 through 20.

B TRIG LEVEL and SLOPE Control—Sets the level

at which the B Sweep can be triggered and deter-
mines on which slope of the trigger signal that trig-
gering occurs. Counterclockwise rotation of the
knob past the midpoint places the B TRIG LEVEL
control in the positive slope region; clockwise rota-
tion past the midpoint places it in the negative slope
region. In addition, the B TRIG LEVEL control
switches the B Trigger MODE between Triggerable
After Delay and RUNS AFTER DELAY. Full ccw ro-
tation of the knob into the detent selects the RUNS
AFTER DELAY B Trigger Mode. In this mode the B
Sweep is initiated immediately after the delay time
set by the DLY TIME/CURSOR position push but-
tons. At any other position of the B TRIG LEVEL
control, the B Sweep is in the Triggerable After De-
lay Mode, and the B Sweep is not initiated until a
trigger signal is received following the delay time.
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NOTE

The A Sweep must be running (either free running or
triggered) to obtain a B Sweep display.

A TRIG LEVEL and SLOPE Control—Sets the level
at which the A Sweep can be triggered and deter-
mines on which slope of the trigger signal that trig-
gering occurs. Counterclockwise rotation of the
knob past the midpoint places the A TRIG LEVEL
control in the positive slope region; clockwise rota-
tion past the midpoint places it in the negative slope
region. The LEVEL control range is limited to the
trigger signal peak-to-peak amplitude when AUTO
Trigger Mode is selected.

Trigger COUPLING Switches (AC and MENU)—
Select the method of coupling the trigger signal to
the input of the trigger circuitry. AC COUPLING is
obtained using the AC push button. Use of the AC
COUPLING in conjunction with the CH 1 VERT
MODE and CH 1 SOURCE switches allows the
oscilloscope operator to obtain a quick, single-
channel display without making menu selections.
The remaining COUPLING choices are selected un-
der MENU control. The selected push button is
lighted by an LED to indicate the activated mode.
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Figure 2-6. Trigger controls.
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AC COUPLING. Signals are capacitively coupled
to the input of the trigger circuit. The dc compo-
nent is rejected, and signal components below
about 30 Hz are attenuated. Triggering is allowed
only on the ac portion of the applied trigger
signal.

MENU. Selects the COUPLING Menu for display
on the crt (see Figure 2-7). Trigger COUPLING se-
lections are then made using the numbered keys
associated with the choices displayed before the
menu times out.

4 TV SYNC. Television signals applied to the TV
Sync Separator circuit are processed to pro-
duce stable triggering on composite-video or
composite-sync television signals. Video com-
ponents of the trigger signal are rejected. The
Sync Separator provides either vertical-sync or
composite-sync pulses to trigger the A Sweep
circuit; the B Sweep circuit is provided with
composite-sync pulses only for triggering the B
Sweeps.

Selection of the trigger signal to the A Sweep

1 DC. All frequency components of a trigger sig-
nal are passed to the input of the trigger circuit.
This coupling method is useful for providing a
stable display of low-frequency or low-repetitive
rate signals.

2 HF REJ. Signals are capacitively coupled to
the input of the trigger circuit. The dc compo-
nent is rejected, and signal components below
about 30 Hz and above 50 kHz are attenuated.
HF REJ COUPLING is useful for providing a sta-
ble display of the low-frequency components of
a complex waveform and rejecting high-
frequency interference from the trigger signal.

3 LF REJ. Signals are capacitively coupled to
the input of the trigger circuit. The dc compo-
nent is rejected, and signal components below
about 50 kHz are attenuated. LF REJ COU-
PLING is useful for providing a stable display of
the high-frequency components of a complex
waveform and rejecting low-frequency interfer-
ence or power-supply hum from the trigger
signal.

TRIG (CPLG 1 DC
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Figure 2-7. Trigger COUPLING Menu with HF REJ selected.
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circuit is automatically determined by the A
Sweep speed setting: vertical sync is used for A
Sweep speeds slower than 0.1 ms per division;
composite sync is used for A Sweep speeds of
0.1 ms per division and faster.

Sync-negative signals are required by the TV
Sync Separator circuit for proper operation;
however, sync-positive composite video or com-
posite sync can be separated by applying the
trigger signal to the CH 2 input connector and
using the CH 2 INV feature to obtain the correct
signal polarity. CH 2 SOURCE must also be se-
lected, using the Trigger SOURCE Menu, for
the TV Sync Separator to be operated in the
manner just described.

m Trigger SOURCE Switches (AC and MENU)—Se-
lect the source of the trigger signal applied to both
the A Trigger and the B Trigger circuitry. Channel 1
SOURCE is obtained by using the CH 1 push but-
ton. The remaining Trigger SOURCE choices are
made under MENU control. The selected push but-
ton is lighted by an LED to indicate the activated
button.

CH 1 SOURCE. Selects the Channel 1 input signal
as the source of the triggering signal. When used in
conjunction with the CH 1 VERT MODE and AC
Trigger COUPLING switches, a quick, single-
channel display may be quickly obtained without
making any menu selections.

MENU. Selects the Trigger SOURCE Menu for dis-
play on the crt (see Figure 2-8). SOURCE selec-
tions are then made using the numbered keys
associated with the choices displayed before the
menu times out.

1 CH 2. Selects the Channel 2 input signal as
the source of the triggering signal for both the A
Sweep the B Sweep.

2 EXT. Selects the signal applied to the EXT
TRIG IN connector (located on the instrument
right side panel) as the source of the triggering
signal. A display of the external trigger signal
can be obtained by selecting TRIG VIEW from

———



TRIG SOURCE >1 CH 2 .

4420-09

Figure 2-8. Trigger SOURCE Menu with CH 2 selected.

the VERT MODE Menu when either EXT or
EXT/10 is selected as the Trigger SOURCE.
The external trigger display is obtained in the
NON STORE Mode only and is displayed along
with the Channel 1 and Channel 2 traces.

3 EXT/10. Selects the signal applied to the EXT
TRIG IN connector as the external trigger signal
and attenuates it by a factor of 10 times. This
allows the use of higher amplitude signals as
the triggering source while maintaining an ac-
ceptable signal amplitude to the trigger circuitry.

4 LINE. Selects the ac power-source waveform
as the source of the triggering signal. LINE
SOURCE is useful when the displayed wave-
form frequency is a multiple or a submultiple of
the ac power-source frequency. LINE is also
useful for obtaining a stable display of a power-
source frequency component in a complex
waveform.

Trigger MODE Switches—Select the mode of trig-
gering of the A Sweep. When either AUTO or
NORM Trigger MODE is selected, the associated
push button is lighted. If SINGLE is the selected
Trigger MODE, the associated button is lighted, and
the RESET button is also lighted if the single sweep
is armed (waiting for a trigger signal). As soon as the
single sweep is triggered, the RESET button LED is
turned off, and it remains off until the single sweep is
rearmed by pressing the RESET button.

AUTO Mode. Automatically sets the A Trigger
LEVEL control range to within the peak-to-peak
amplitude of the applied trigger signal. In the ab-
sence of an adequate trigger signal (too small an
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amplitude, too slow a repetition rate, or an incor-
rect SOURCE chosen), the A Sweep freeruns to
provide the operator with a trace for positioning
the display and determining if any vertical input sig-
nal is present. AUTO is the MODE most frequently
selected, as it provides stable triggering on the ma-
jority of signals to be displayed with the least
amount of operator adjustment.

NORM Mode. Produces a NON STORE sweep or
acquires data for storage when properly triggered.
An adequate trigger signal must be present, and
the Trigger LEVEL control must be set to within the
correct range for the trigger signal applied. In the
absence of an adequate trigger signal, a sweep is
not initiated. The NORM Mode is useful for obtain-
ing a stable display of low-frequency or low-
repetition rate signals.

SINGLE Mode. Sweep is initiated one time (or one
time window of waveform data is stored) when an
adequate trigger signal is applied and the Trigger
LEVEL control is properly set. The sweep cannot
be triggered again until the sweep logic circuitry is
rearmed by pressing the RESET push button. A
STORE waveform obtained in the SINGLE acqui-
sition mode can be continually displayed on the crt
for analyzing the pulse or making time and voltage
measurements. For STORE Mode acquisitions,
SINGLE Trigger MODE is not enabled for the
equivalent-time sampling sweep speeds (50 us per
divisions and faster). When ENVELOPE Storage
Mode is in use, two sweeps are required to obtain
a display update.

NOTE

If STORE Mode is turned on in the equivalent-time
sampling region while attempting to obtain single-
sweep NON STORE displays, Channel 1 and Channel
2 are displayed on alternate single sweeps. To return
to normal SINGLE sweep operation of a single chan-
nel only, turn off the STORE Mode and press the
AUTO Trigger MODE button, then press the SINGLE
button to return to single-sweep triggering.

RESET Switch. Resets the sweep logic circuitry to
be able to respond to the next adequate trigger
signal received. The RESET button must be
pressed once for each sweep displayed or ac-
quired in the SINGLE Trigger MODE. While waiting
for a trigger signal to occurs, the RESET button is
lighted to indicate that the trigger circuitry is re-
armed. When the single sweep is triggered, the RE-
SET button LED is turned off.
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NOTE

The armed condition of RESET is not retained by the
Option 01 instrument when power is removed. How-
ever, when power is reapplied the RESET LED re-
mains lighted at all times (SINGLE operation is not
affected). To clear this condition, press the AUTO
Trigger MODE button.

DISPLAY MODE, MEMORY, AND MAIN

MENU CONTROLS

Refer to Figure 2-9 for location of items 21 through 23.

@

DISPLAY MODE Switches—Select the NON
STORE and STORE Modes of operation and deter-
mine the waveforms displayed. The following com-
binations of displays are available:

NON STORE waveforms only,

STORE waveforms only (not available with
ADD and TRIG VIEW VERT MODE or ALT
Horizontal Display Mode),

VIEW waveforms only (recalled from the VIEW
memory stack),

NON STORE and STORE waveforms to-
gether (not available with ADD and TRIG
VIEW VERT MODE or ALT Horizontal Display
Mode),

NON STORE and VIEW waveforms (recalled
from the stack memory).

STORE and VIEW waveforms together when
the VERT MODE is CH 1 only (not available
with ALT Horizontal Display Mode).

ON/OFF 1 2
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Figure 2-9. DISPLAY MODE and MENU controls.

NON STORE. NON STORE waveforms are dis-
played on the crt, and the instrument functions in
a manner similar to a conventional oscilloscope.

NOTE

If FAST START, SLOW START, or CAL of the
CHART Menu are selected while NON STORE and
VIEW traces are on, the NON STORE displays will be
turned off. NON STORE will be turned on again by
any of the following actions:

1. Pressing the STOP button (MENU 4).

2. Pressing either the MENU ON/OFF or MENU
LAST button.

3. Pressing VIEW Display Mode button to turn off
the VIEW display.

4. Entering ROLL Storage Mode to turn off the
VIEW display.

STORE. Channel 1 and Channel 2 input signals are
digitized and stored. Stored waveforms are dis-
played on the crt as determined by the VERT
MODE selected (CH 1 only, CH 2 only, or both).
Updating of the displayed waveform(s) is continual
when the instrument is properly triggered. When
not triggered, the STORE waveform display re-
mains as initially acquired. If ALT Horizontal Dis-
play Mode is selected when STORE Mode is in
effect, the STORE Mode is turned off. STORE
Mode will be turned on again when the display
mode is switched to either A only or B only. If the
VERT MODE is either ADD or TRIG VIEW, the
STORE Mode is not selectable, but VIEW wave-
forms may be displayed together with the NON
STORE ADD or TRIG VIEW displays.

MEMORY Controls—Control the storing of wave-
forms in the VIEW memory stack and recalling of the
waveforms for display.

VIEW Switch. Controls the display of waveforms
stored in the VIEW memory stack. The first push of
the VIEW button lights the VIEW button LED and
brings up a VIEW waveform for display (providing a
waveform is stored in the VIEW memory). If the
extended memory of Option 01 is installed, a wave-
form must be stored in the currently selected VIEW
waveform stack number for a waveform to be dis-
played when VIEW is pressed. If the STORE Mode
is in effect, turning on VIEW Mode also turns off
the STORE Mode, uniess the VERT MODE is CH 1
only. In that case STORE and VIEW may be dis-
played together. A second push of the VIEW but-
ton turns off the VIEW Mode.



With the displayed VIEW waveform, the VIEW
waveform readout information describing the
VOLTS/DIV and SEC/DIV settings at which the
waveform was acquired is also displayed. When
the Option 01 extended memory is installed, the
VIEW INCR-DECR Menu and waveform stack
number are also displayed.

The INCR-DECR Menu is used to rotate through
the VIEW memory stack (in either direction) to ei-
ther bring up succeeding stored waveforms for dis-
play or position the stack to store a new waveform
in the selected stack number (indicated by the
stack number displayed on the crt). The INCR-
DECR Menu times out similar to the VERT MODE,
Trigger SOURCE, and Trigger COUPLING Menus,
and is not recalled by the LAST MENU button. To
return the menu to the display for stack positioning
after it times out, press VIEW off then on again.
While the INCR-DECR Menu is displayed, pressing
the “1” MENU button increments the VIEW wave-
form stack number; pressing the “2” button decre-
ments it. The Option 01 extended memory adds
eight frames of storage space (up to 16 wave-
forms) to the standard instruments two-frame
memory space for a total of nine frames of VIEW
memory (18 waveforms total).

Pressing the VIEW button while ROLL Storage
Mode is enabled, stops the ROLL acquisition and
displays the VIEW waveform (if a VIEW waveform
is present in either the currently selected stack
number for Option 01 or in stack number W-1 for
the standard instrument). If no waveform data is
stored, only the stack number appears when the
VIEW button is pressed. With Option 01 installed,
the VIEW Display Mode INCR-DECR Menu also
appears as well as the stack number. A second
push of the VIEW button turns off the VIEW Dis-
play Mode and restarts the ROLL Mode
acquisition.

Stored VIEW waveforms are not cleared from the
VIEW waveform stack when called up for display.
The extended memory of Option 01 is circular, and
incrementing or decrementing through the stack re-
turns it to the starting point.

NOTE
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ory (at the currently selected stack number of the
Option 01 extended memory). The standard instru-
ment memory stores one frame (two waveforms);
the optional memory stack stores up to eight
frames (16 waveforms), for a total of nine frames
(18 waveforms). The Channel 1 and Channel 2
waveforms are both digitized and stored, even if
only one is being displayed. The number of wave-
forms displayed (either one or two) upon recalling
the stored waveforms for display, depends on the
VERT MODE selection. Waveform data outside the
dynamic digitizing range of the instrument when
stored will not be visible when recalled.

When ENTER is pressed while ROLL Storage
Mode is active, the digitized ROLL storage acqui-
sitions are stored in the currently selected VIEW
waveform stack (W-1 in the standard instrument),
and the VIEW function is activated. Pressing the
VIEW button to turn off the VIEW Display Mode
reactivates the ROLL Storage Mode.

NOTE

When VIEW Mode is active, the ENTER pushbutton is
disabled except in the case of using the PROCESS
WFM Menu. Resulting waveforms from processing
VIEW waveforms may be directly stored in the VIEW
memory stack.

NOTE

A ground reference cannot be acquired in ROLL
Mode. If PROCESS Menu calculations are to be per-
formed on the ROLL Mode waveforms after it is
stored in the VIEW memory, the previously acquired
ground level references will be used; therefore, the
correct ground reference must be acquired prior to
entering the ROLL Mode.

VIEW waveform stack number W-1 is used for stor-
age during AVERAGE Storage Mode. Consequently,
when averaging, data previously stored in that stack
number is destroyed, leaving an empty memory at
that location.

ENTER Switch. Enters digitized STORE Display
Mode waveforms into the VIEW memory stack.
Each push of the ENTER button stores the current
contents of the display RAM into the VIEW mem-

REV DEC 1983

MAIN MENU Switches—Select the oscilloscope
functions not selected by designated front-panel
switches or menus. Entry into the Main MENU may
be done using the MENU ON/OFF button or by us-
ing the MENU LAST button. Entering using the
MENU ON/OFF button starts a menu display that is
a list of additional menu choices requiring further se-
lection to choose a desired function. Entering MENU
operation using the LAST button, starts at the last
Main MENU selection displayed, and further choices
depend on point the Main MENU was exited (either
by using the MENU ON/OFF button or by the menu
timing out).

MENU ON/OFF. Starts the Main MENU display or
stops any menu display, except CURSORS. When
MENU ON/OFF is pressed to turn the menu display
on, it starts with the initial choices available (see
Table 2-2 for a list of the Main MENU selections).
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Numbered MENU Buttons (1, 2, 3, 4, and 5). Se-
lect the desired MENU item from the choices dis-
played. The selection MENU button must be
pressed while the menu is displayed for a choice to
be effected. Only those numbered buttons that cor-
respond to a choice in the menu are active. Press-
ing a numbered button not listed in the menu does
nothing.

LAST. Used to reverse scroll through the Main
MENU selections or to return to the last Main
MENU being displayed either before a time out or
before the MENU ON/OFF button was pressed to
turn the menu display off. Pressing LAST does not
return to any of the three front-panel control menus
(VERT MODE, Trigger SOURCE, or Trigger COU-
PLING), or to the VIEW Mode INCR-DECR Menuy,
after those menu displays time out.

RIGHT SIDE PANEL CONNECTORS

Refer to Figure 2-10 for location of items 24 through 30.

@ CAL Output Connector—Provides a 0.3 V peak-to-
peak square-wave signal at a repetition rate of ap-
proximately 1 kHz. The Calibrator signal is useful for
checking the vertical accuracy of the NON STORE
and STORE waveforms, and for checking the ap-
proximate horizontal timing and probe condition.

CH 1 OR X and CH 2 OR Y Input Connectors—
Provide for application of external signals to the in-
put of the vertical amplifiers. These connectors each
include a coding-ring contact that activates the
scale-factor-switching circuitry whenever a properly
coded 10X probe is attached. The VOLTS/DIV crt
readout therefore reflects the correct deflection fac-
tor for the signal displayed.

in the NON STORE X-Y Display Mode, the signal
applied to the CH 1 OR X input connector provides
the horizontal deflection, and the signal applied to
the CH 2 OR Y input connector provides the vertical
deflection.

EXT TRIG IN Connector—Provides for external
triggering of the oscilloscope. The external trigger
signal is applied to the trigger generator circuitry
whenever EXT or EXT/10 Trigger SOURCE is se-
lected. When selected, the external trigger signal
may be displayed on the crt by choosing the TRIG
VIEW feature from the VERT MODE Menu. The ex-
ternal trigger signal is then displayed together with
the Channel 1 and the Channel 2 input signals. The
external trigger signal cannot be stored.

03V PK

™S 33pk
< 200V PK

GPIB
|EEE STD
488 PORT

EXY TRIG IN EXT Z AXIS IN CHART OUT
SIG GND
[X]

MG 3ph
< 200V PK

N 5V PEAK
Mo I ok
<200 PK A <257 PK \ /

]A /A
®

A
0

4420-15

Figure 2-10. Right

214

side panel connectors.



@

BXT Z-AXIS IN Connector—Provides for external
Z-Axis intensity modulation of the displayed wave-
forms. The useable frequency range of input signals
is dc to 1 MHz. A 3 V peak-to-peak signal causes
noticeable modulation at normal display intensity,
and a positive signal decreases the intensity.

X and Y CHART OUT Connectors—Provide analog
X and Y output signals for use with an external X-Y
Plotter. Output amplitude is about 500 mV per divi-
sion with an output impedance of approximately
220 Q. A choice of two clocking rates (FAST and
SLOW) and the pen position calibration voltages are
menu selectable. The CAL Menu selection provides
two voltage levels (corresponding to the lower left
and upper right corners of the graticule area) for cali-
brating the X-Y Plotter deflection to the 336 grati-
cule before plotting a waveform. After calibrating the
X-Y Plotter, pressing the FAST START MENU but-
ton starts the waveform plot at the faster clocking
rate; pressing SLOW START MENU button starts
the waveform plot at the slower clocking rate. The
data output rate is controlled automatically by the
difference in preceding data.

SIG GROUND Connector—Provides an auxiliary
signal ground when interconnecting the 336 to
equipment under test or to an external X-Y Plotter.

GPIB Connector (Option 01)—Provides a data out-
put port to an IEEE-488 data bus. The connector is
a standard 24-pin GPIB connector, and the electrical
and physical arrangement of the pins conforms to
the IEEE-488 Standard of 1978 for General Purpose
Interface Bus equipment.

BOTTOM PANEL CONTROLS

Refer to Figure 2-11 for location of items 31 through 33.

TRACE ROTATION Control—Permits trace rota-
tion adjustment to align the baseline trace with the
horizontal graticule lines. It is a screwdriver adjust-
able control that, once adjusted, should not require
frequent alignment under normal operation.

READOUT INTENSITY Control—Permits the user
to adjust crt readout intensity for optimum viewing.
This control is also screwdriver adjustable.

Operating Information—336 Service
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Figure 2-11. Bottom panel controls.

@ STORAGE INTENSITY Control—Permits the user

to adjust STORE and VIEW trace intensity for opti-
mum viewing. It is also a screwdriver adjustable
control.

REAR PANEL

Refer to Figure 2-12 for items 34 through 36.

Fuse Holder—Contains the instrument's primary
power fuse.

Power Cord Receptacle—Provides the connection
point for the ac power source to the instrument. The
power cord safety-ground connection is connected
to the exposed metal parts of the instrument. The
power cord must be connected to a properly
grounded power source for electrical-shock
protection.
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(3)

Figure 2-12. Rear panel.

Line Voltage Selected Indicator—Indicates the
nominal ac power source from which the instrument
is internally set to operate. The nominal voltages
and ranges are indicated in the rear panel
nomenclature.

MAIN MENU OPERATION

The following information details the use of the Main
MENU in selecting the various features under its control and
describes those features. Table 2-2 gives a brief outline of
the MENU operation in tabular form as a quick reference
guide. The Menu Diagram located in the front-cover, illus-
trates the exact menus that are available and the selection

route.

STORAGE MENU—Displays the storage feature menu
items of:
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1 STORE MODE
2 ACQ WINDOW
3 DISPLAY

4 CURSOR

5 PROCESS

Each of these functions and associated sub-menus are
explained here.

STORE MODE. Displays the menu of STORE MODE
choices for acquiring and digitizing waveform data.

NORMAL Acquisition Mode. At sweep speed
settings of 0.1 ms per division to 0.2 s per division,
waveform data is acquired in a single sweep (real-
time sampling). The useful storage bandwidth for
real-time sampling is dc to 140 kHz. For sweep
speed settings of 50 us per division to 0.1 us per
division, equivalent-time sampling is used to ac-
quire waveform data over multiple sweeps of re-
petitive signals. The useful storage bandwidth for
equivalent-time sampling is dc to 50 MHz with a
sample rate of up to 1 megasample per second.
Vertical gain and acquisition rate of the waveforms
are determined by the VOLTS/DIV and SEGC/DIV
switches respectively. Waveform data will be re-
petitively acquired and the display updated if the
TRIG MODE is set to AUTO or NORM (and the
instrument is triggered).

If the TRIG MODE is set to SINGLE, and the
SEC/DIV setting is within the real-time sampling
range (0.1 ms to 0.2 s per division), waveform data
will be acquired for one sweep only when triggered,
and the acquired waveform will remain displayed
for analysis and measurements.

———e
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Table 2-2
336 Main MENU Selections
1 STORAGE
First Second Third
Sub-Menu Sub-Menu Sub-Menu Comments
STORE MODE NORM
ENVELOPE INCR 1, 8, 16, 32, 64, 128, 256, or continuous
DECR at SEC/DIV setting of 2 ms per division
RESTART and slower.
AVERAGE INCR 8, 16, 32, 64, 128, or 256 averages.
DECR
ACQ WINDOW PRE TRIG Real-time Storage Mode only. SEC/DIV
MID TRIG settings from 0.2 s to 0.1 ms per division.
POST TRIG
DISPLAY TIME STORE and VIEW Horizontal time base
X-Y selection.
CURSORS CURSOR SEL CURSORS Menu display does not reduce
OFF the STORE or VIEW display intensity.
PROCESS WFM CH1+CH2 STORE or VIEW waveforms. Must
CH1 -CH2 acquire a ground reference level to obtain
CH1XCH2 the correct calculation results. PROCESS
Menus do not reduce the STORE or
VIEW display intensity.
PARAMETERS RMS
P-P
MEAN
2 DATA OUT
First Second Third
Sub-Menu Sub-Menu Sub-Menu Comments
CHART FAST START CHART function is valid for VIEW Display
SLOW START Mode waveforms only.
CAL
STOP
GPIB (Option) INCR Sets Talk Address or Talk Only Mode.
DECR
TRANSMIT
STOP
3 SCOPE
First Second Third
Sub-Menu Sub-Menu Sub-Menu Comments
SCOPE HORIZ VAR HOLDOFF Selects function of VAR SWP/HOLDOFF
SEC/DiV control.
TRACE SEP INCR Sets trace separation between A Sweep
DECR trace and alternate B Sweep trace in 0.5
division steps from zero to about two
divisions.
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Table 2-2 (cont)

4 CHARACTER

First Second Third
Sub-Menu Sub-Menu Sub-Menu Comments
READOUT ON
| OFF
TIME OUT FAST In about 1 second.
‘ NORMAL In about 3 seconds.
SLOW In about 15 seconds.
CPU operation affects these times.
5 SETTINGS
First Second Third
Sub-Menu Sub-Menu Sub-Menu Comments
NONE Displays current settings of: VERT
MODE, TRIG SOURCE, TRIG CPLG,
ACQ MODE, ACQ WINDOW, DISPLAY,
and HORIZ VAR. Does not time out.
Settings display is automatically erased
by any changes to the front-panel
settings.
NOTE
© selectable using the INCR and DECR MENU but-
In the equivalent-time sampling region, STORE Dis- tons to change to number indicated in the readout.
play Mode waveforms will not be updated when SIN- A choice of 1, 8, 16, 32, 64, 128, and 256 wave-
GLE Trigger MODE is selected, and the last acquired forms may be accumulated before resetting, or the

waveform will remain displayed. It is recommended
that STORE Mode not be selected when using the
SINGLE Trigger MODE for NON STORE displays.

ENVELOPE Acgquisition Mode. The ENVELOPE
acquisition mode is limited to a sweep speed range
of 2 ms per division to 0.2 s per division. At faster
sweep speeds the NORMAL acquisition mode re-
mains in effect. In ENVELOPE Mode, waveform
data is repetitively acquired for a selected number
of acquisitions (two sweeps are required for each
acquisition), during which time the envelope of the
accumulated waveform is displayed. Differences
between successively acquired waveforms are dis-
played as they occur. As the waveform acqui-
sitions are being made, a countdown number is
displayed in the lower right hand corner of the crt.
The countdown number indicates the number of
waveforms remaining to be accumulated in the en-
velope display and the rate of acquisition.

At the end of the selected number of acquisitions,
the countdown number is replaced by the letters
“ENV”, and the final envelope waveform is held
momentarily. Then, the accumulated display is
cleared, and the acquisitions are restarted. The
number of waveforms to be accumulated is

2-18

ENVELOPE may be set for continuous accumula-
tion (infinity symbol is displayed in place of the
countdown number). Each change of the number
selected restarts the acquisitions at the new num-
ber. The ENVELOPE acquisitions in progress may
also be stopped and restarted by pressing MENU
button 3 (RESTART).

AVERAGE Acquisition Mode. Waveforms are ac-
quired for a choice of 8, 16, 32, 64, 128, or 256
sweeps, and the averaged waveform is disptayed.
The INCR and DECR MENU buttons are used to
select the number of waveforms to be averaged
before the display is updated. As the waveforms
are being acquired, a countdown number is dis-
played in the lower right hand corner of the crt. The
countdown number indicates the number of wave-
forms remaining to be acquired for averaging and
the acquisition rate. When the selected number of
waveforms have been acquired, the letters “AVG”
replaces the countdown number, and the display is
updated to reflect the result of the last averaging
cycle. AVERAGE acquisitions commence immedi-
ately upon selecting the AVERAGE Mode. Each
change of the selected number of waveforms to be
averaged, restarts the waveform acquisitions at
the new number.

e —
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NOTE

VIEW waveform stack location W-1 is used during the
AVERAGE Storage Mode for calculating the averag-
ing results. Consequently, the VIEW waveform data
stored in location W-1 is lost when AVERAGE Stor-
age acquisitions are made.

Operating information—336 Service

ACQ WINDOW. A choice of trigger point in the wave-
form data is available for the STORE real-time acqui-
sitions. This feature is not enabled for equivalent-time
sampling.

1 PRE TRIG. Selects a trigger point that allows a
display of waveform data occurring prior to the
triggering event. Seven-eighths of a waveform are
stored before the trigger point, and one-eighth is
stored after the trigger point.

2 MID TRIG. Selects the center of the acquired
waveform data as the trigger point. Allows a dis-
play of waveform data occurring equally on either
side of the triggering event.

3 POST TRIG. Selects a trigger point that allows a
display of waveform data occurring after the trig-
gering event. One-eighth of the waveform is stored
prior to the trigger point, and seven-eighths are
stored after the trigger point.

|1 CURSOR SEL

2 OFF

146 v | 125V 3.33ms

i T T

CH1 AV CH2 AV CURSOR At

4420-12

Figure 2-13. CURSORS Menu and cursor readout locations.

DISPLAY. Presents a choice of either TIME or X-Y

display of the STORE and VIEW waveforms.

2 OFF. Turns off the CURSORS Mode and re-
moves the CURSORS Menu display. Pressing the
MENU LAST button before any other Main MENU
has been selected, will return the CURSORS Menu

1 TIME. When TIME display is selected, the hori-
zontal deflection of the displayed waveform is pro-
vided by the digitized waveform x-axis.

2 X-Y. When X-Y display is selected, the horizontal
deflection of the displayed waveform is provided by
the stored Channel 1 vertical amplitude; the stored
Channel 2 signal provides the display vertical de-
flection. A VERT MODE that displays both Chan-
nel 1 and Channef 2 must be selected to enable the
STORE or VIEW X-Y display.

CURSORS. Turns on the CURSORS Mode for use
with the STORE and VIEW waveforms and displays
the menu used to control the CURSORS Mode opera-
tion (see Figure 2-13). The CURSORS Menu does not
time out. Switching to another menu display using the

to the display and reenters the CURSORS Mode.

NOTE

A firmware problem in Version 4.4 causes incorrect
cursor readouts when attempting to measure time on
20 seconds and 10 seconds per division ROLL Mode
acquisitions. It is recommended that cursors not be
used to attempt to measure timing on waveforms ac-
quired at these two ROLL Mode sweep speed
settings.

PROCESS. Selects the stored signal processing func-
tion menu. The processing choices are selected from

MENU LAST button or selecting one of the front-
panel menus (VERT MODE, Trigger SOURCE, or
Trigger COUPLING), removes the CURSORS Menu
from the display, but it will return to the readout as
soon as the recalled menu either times out or the
MENU ON/OFF button is pressed to turn off the dis-

played menu.

1 CURSOR SEL. Selects the cursor dot that is po-
sitioned by the DLY TIME/CURSOR position push
buttons. Each push of the “1” MENU button
switches the cursor dot that is positionable with
the DELAY TIME/CURSOR position buttons to the

opposite cursor.

either the (WFM) waveform or the PARAMETER sub-
menu. Before processing the waveforms, a ground
reference must be acquired in the STORE Mode. This
is done by switching the input coupling AC-GND-DC
switches on the channel(s) to be processed to the
GND position. Either the A Trigger MODE must be set
to AUTO or an external trigger source must be used
to obtain the ground baseline trace and trigger the
sweep when the input signal is grounded. After
switching back to either AC or DC input coupling, the
Vertical POSITION controls must remain unchanged
from the position at which the ground reference is ob-
tained to keep a valid zero ground reference for the
calculations.
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WFM (Waveform). The WFM selections provide a
choice of adding, subtracting, or multiplying the
Channel 1 and Channel 2 STORE or VIEW wave-
form data together. The waveform calculations be-
gin as soon as the numbered MENU button
associated with the menu choice is pressed. The
resulting waveform is displayed when the calcula-
tion is completed. The center horizontal graticule
line is the zero reference of the calculated wave-
form display (providing that the Vertical POSITION
controls are not moved after acquiring the ground
reference). For example, if both the CH 1 and CH 2
input coupling switches are in the GND position,
the trace resulting from a WFM calculation will ap-
pear on the center horizontal graticule line. To
maintain the resulting waveform within the grati-
cule viewing area, it is recommended that the input
signals be displayed with plus or minus two divi-
sions or less vertical amplitude from the ground
reference. The WFM Menu choices and functions
are as follows:

1 CH 1 + CH 2. Adds the waveform data of the
Channel 1 and the Channel 2 input signals.

2 CH 1 — CH 2. Subtracts the waveform data of
the Channel 2 input signal from the Channel 1
input signal.

3 CH 1 X CH 2. Multiplies the waveform data of
the Channel 1 input signal by the Channel 2 in-
put signal.

Waveform calcuiations are not performed until a
VERT MODE is chosen that displays both
Channels.

In STORE Mode, the waveform calculation is per-
formed with each update of the display. Once a
selected calculation is made, only the resulting
waveform will be displayed. Changes in the input
signals from either channel are automatically calcu-
lated in the displayed waveform. In VIEW Mode,
each press of one of the WFM sub-menu item but-
tons first displays the original two VIEW wave-
forms, then the calculated waveform. When a
selection is made, a greater-than symbol (>) is dis-
played in front of the chosen sub-menu item. When
the calculation is completed, the > symbol is re-
place by an arrow-head symbol (), and the calcu-
lated waveform is displayed.

If the cursor measurement mode is used on the
calculated waveform display, the vertical amplitude
readouts will be in divisions rather than in voltage
units. For ease of menu operation, it is recom-
mended that the cursor measurements be made on
VIEW calculated waveforms rather than on
STORE calculated waveforms. The STORE wave-
form display updates if the CURSORS Menu is
chosen in order to allow switching the active
cursor.

NOTE

While the 336 is executing PROCESS Menu calcula-
tions, the microprocessor responds to front-panel
changes at a slower rate. However, changes to the

front-panel setting are read during the processing

time

and will be executed as soon as the calculation is

completed.

PARAMETERS. This feature permits the user to
obtain specific types of parametric information
about the waveform data. The PARAMETERS
Menu selections are enabled on both the STORE
and the VIEW waveforms. The parametric calcula-
tions begin as soon as the numbered MENU button
associated with the menu choice is pressed. The
calculation results are displayed immediately below
the menu as soon as the calculation is completed
(see Figure 2-14).

The choices of parametric calculations available
are as follows:

1 RMS. Determines the RMS value of the wave-
form data.

2 P-P. Determines the peak-to-peak amplitude
of the waveform data.

3 MEAN. Determines the mean value of the
waveform data.

As with the waveform calculations, the Vertical
POSITION controls must not be moved once the
ground reference has been obtained. (Ground ref-
erence level does not affect the peak-to-peak
waveform calculations.)

.....................

CH1 CH 2
READOUT READOUT
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Figure 2-14. PARAMETERS Menu display with RMS indicated
and Channel 1 and Channel 2 readouts indicated.
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DATA OUT Menu—Controls outputting of waveform
data. Waveforms may be plotted by an external ana-
log X-Y Plotter using the drive signals provided from
the X and Y CHART OUT connectors as a standard
feature. Parallel, eight-bit data bytes defining the
stored waveforms may be sent via the General Pur-
pose Interface Bus (GPIB) IEEE-488 output port pro-

Operating Information—336 Service

held prior to activating the CHART feature when
the STOP MENU button is pressed. If a NON
STORE display was present before pressing the
CAL or one of the START MENU buttons, it will
be returned to the display upon pressing the

STOP MENU button.

vided with the Option 01 instruments.

CHART. The sub-menu associated with the
CHART feature is used to calibrate the maximum
and minimum deflection positions of the external
X-Y Plotter to the graticule of the 336 and control
the data output rate. CHART is enabled for VIEW
waveform displays only. STORE Mode must be
turned off before the CHART Menu is active. If a
NON STORE display is on with VIEW when one of
the CHART selections (except STOP) is made, it

will be turned off automatically.

1 FAST START. Starts the data output rate at

the auto-fast speed.

2 SLOW START. Starts the data output rate at
the auto-siow speed. (Switching between start
speeds causes the waveform data to restart at

the beginning.)

NOTE

In the case of both FAST START and SLOW START,
the data output rate varies automatically as a factor of
the data difference in the leading data.

NOTE

If any other menu selection is made (such as VERT
MODE or TRIGGER SOURCE), the CHART Menu is
removed from the display, and the data output stops
just as when the STOP MENU button is pressed.
Once the plot is started, do not make any other menu
selections until the waveform is completely plotted
and the plot pen lifted.

3 CAL. Sends two calibration signals to be used
to set up the external X-Y Plotter in preparation
for plotting the waveform. Each press of the
CAL MENU button alternately switches the X
and Y output voltages between the maximum
and minimum graticule deflection points to cali-
brate the X-Y Piotter deflection to the graticule.
The deflection voltages correspond to the lower
left and upper right corners of the 336 graticule.

4 STOP. Ceases the output of analog data to
the X and Y CHART OUT connectors immedi-
ately upon pressing the STOP MENU button.
The voltages at the X and Y output connectors
return to the values of the delay time control
voltage and the trace separation control voltage

After calibrating the X-Y Plotter, pressing either
of the plot START MENU buttons begins the
waveform plot. The plot pen remains at the start
of the CH 1 trace for about seven seconds be-
fore the data plot commences. At the comple-
tion of the CH 1 trace, the plot pen again
remains stationary for about seven seconds. If a
two-trace waveform is plotted, the pen moves
to the beginning of the CH 2 trace at the end of
the wait following the completion of the CH 1
trace. The pen again remains for about seven
seconds, then begins the CH 2 waveform. The
delays allow the user to avoid a retrace by man-
ually lifting the plotting pen at the end of the
Channel 1 plot, then again lowering it to plot
Channel 2. The pen also remains at the end of
the last waveform piotted for about seven sec-
onds, then the voltages present at the X and Y
CHART OUT connectors return to the previ-
ously set values for the TRACE SEP and DE-
LAY TIME position control voltages.

NOTE

When the CHART Menu is not selected, the DELAY
TIME control voltage appears at the X CHART OUT
terminal, and the TRACE SEP control voltage ap-
pears at the Y CHART OUT terminal. Disconnecting
the X-Y Plotter from the 336 is recommended when
not is use for plotting waveforms.

GPIB. Enables the user to control the waveform
data transmission capability provided by the GPIB
portion of Option 01. See “Options” (Section 7 of
this manual) for additional information on the GPIB
capabilities of the 336.

1 INCR. Used to increment the bus address of
the 366. A choice of addresses from 0 to 30 is
available for MTA (My Talk Address). The ad-
dress is incremented once for each press of the
INCR MENU button. Incrementing past address
30 switches the GPIB to the TALK ONLY Mode.

2 DECR. Used to decrement the bus address of
the 336. Decrementing below address 0 also
switches the GPIB to the TALK ONLY Mode.

3 TRANSMIT. Used to initiate a waveform
transmission via the data bus. An SRQ (service
request) is issued prior to sending the waveform
data to start the handshake with a controlier or
a listener on the bus. In TALK ONLY Mode,
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pressing the TRANSMIT button is the only way
to start the data transmission. When MTA is set
to a number, a bus controller can initiate data
transmission by addressing the 336 GPIB Op-
tion to talk. If no waveform data is available to
be sent (such as when in NON STORE or in
VIEW with no waveform data stored in the se-
lected VIEW stack number) the 366 will send
the ID (identification) portion of the transmission
only. If waveform data is available, it is sent im-
mediately following the ID message.

If both Channel 1 and Channel 2 data are avail-
able, a single request (press of the TRANSMIT
button or request by a bus controiler) sends
Channel 1 data followed immediately by the
Channel 2 data.

4 STOP. Ceases transmission of waveform data
via the GPIB option. Two different situations ex-
ist: one is when the 336 is addressed to talk
with a controller on the bus, and the other is
when the 336 is in the TALK ONLY Mode. In the
first situation, a press of the STOP button will
cause a service request (SRQ) to be asserted
along with the Stop Request Status Byte (deci-
mal 197). After the controller receives the status
byte, it would then have the capability to control
the bus as the application requires. It can, for
example, send Device Clear (DCL) followed by
Untalk (UNT) to abort the transmission. In the
TALK ONLY (TON) Mode, STOP completes the
current handshake, then sends the message
terminator (CR and LF with EOI).

SCOPE—Enables the user to select the function
performed by the front-panel VAR SWP/HOLDOFF
control and the amount of trace separation be-
tween the A Intensified and the B Delayed NON
STORE traces when ALT Horizontal Display Mode
is in use.

1 HORIZ VAR. The VAR SWP/HOLDOFF con-
trol is a single potentiometer that can be either
the variable sweep speed control or the variable
holdoff control. The user selects its function de-
pending on the requirements of the measure-
ments to be made. Description of the VAR
control operation in either mode is included in
the discussion of the VAR SWP/HOLDOFF con-
trol earlier in this section of the manual ( see
HORIZONTAL CONTROLS).

2 TRACE SEP. Permits menu control of the
trace separation between the A Intensified and
the B Delayed NON STORE traces of the ALT
(Alternate) Horizontal Display Mode. The INCR
and DECR MENU buttons are used to select
from zero to about two divisions of separation in
half-division steps.

CHARACTER—Permits user control of two display

functions: READOUT and TIME OUT.

READOUT. Presents choices of READOUT ON
or OFF. See Figure 2-15 for the READOUT
Menu controlied displays. The READOUT Menu
may be used to turn off those readouts normally

displayed at all times (plus others).

1 ON. VOLTS/DIV and SEC/DIV settings
with modifiers are displayed across the top
of the crt as appropriate with the current
front-panel settings. Delay time, CURSOR
readouts, and VIEW waveform stack number
are displayed at the bottom of the crt when
appropriate. Modifying symbols displayed in
front of the VOLTS/DIV and A SEC/DIV
readouts are the colon (:)— indicating that
autoranging is on, the greater-than symbol

(>)—indicating that the readout

uncalibrated, and the down-arrow symbol
(1)—indicating the CH 2 vertical display is

inverted.

2 OFF. VOLTS/DIV and SEC/DIV readouts,
delay time readout, CURSOR readouts, and
VIEW waveform stack number are turned
off. Waveform parameter readouts (the cal-
culated values resulting from the PARAM-
ETERS sub-menu) are not affected by

turning off the READOUT.

IS ABmY | >10mV 35mis

CH1 CH2
VOLTS/DIV VOLTS/DIV A SEC/DIV
>6mV >10m¥  >bms | 5us

VIEW;WAVEFQRM B SEC/DIV

INFORMATION

.|.DELAY. TIME

__CH-1-CURSOR - \CURSOR TIME- -~
- | voLTs I . DIFFERENCE
¢ DIFFERENCE :

¥
200mV 40mV | 3.36 ms
CH 2 CURSOR VIEW
VOLTS WAVEFORM
DIFFERENCE STACK
NUMBER
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Figure 2-15. READOUT Menu controlled displays.
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TIME OUT. Controls the amount of time that the SETTINGS—Permits the user to view the current
timed menus are displayed. settings for the following items:
1 FAST. Timed menus remain displayed for VERT MODE

about one second. This selection is useful for

a user that is familiar with oscilloscope’s op- TRIG SOURCE
eration and does not require the menus to be TRIG CPLG
displayed for a period of time to make a
choice. STORE MODE
ACQ WINDOW
2 NORMAL. Timed menus remain displayed
for about five seconds. As the name implies, DISPLAY
this selection allows the menus to be dis- HORIZ VAR
played for enough time to permit most deci-
sions to be made. The SETTINGS Menu does not time out, but any
change in the controls requiring an update by the
3 SLOW. Timed menus remain displayed for microprocessor removes it from the display.

about 15 seconds. For a user becoming fa-
miliar with the instrument, this time-out se-
lection allows the menus to be displayed long
enough for the menu items to be studied.
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OPERATING CONSIDERATIONS

INTRODUCTION

This part contains basic operating information and
techniques that should be considered before attempting to
make any measurements with your instrument.

GRATICULE

The graticule is internally marked on the faceplate of the
crt to eliminate parallax-viewing error and to enable meas-
urements (see Figure 2-16). It is marked with eight vertical
and ten horizontal major divisions. In addition, each major
division is divided into five subdivisions. The vertical
deflection factors and horizontal timing are calibrated to the
graticule so that accurate measurements can be made
directly from the crt. Also, percentage marks for the
measurement of rise and fall times are located on the left
side of the graticule.

GROUNDING

The most reliable signal measurements are made when
the 336 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 SIG GND receptacle on the oscilloscope’s
right side panel.

SIGNAL CONNECTIONS
Probes

Generally, the accessory probes supplied with the instru-
ment provide the most convenient means of connecting a
signal to the vertical inputs of the instrument. The probe and
probe lead are shielded to prevent pickup of electromag-
netic interference, and the 10X attenuation factor of the
probe offers a high input impedance that minimizes signal
loading in the circuitry under test. The attenuation factor of
the standard accessory probe is coded so that the VOLTS/
DIV readout seen on the crt is automatically switched to the
correct scale factor when the probe is attached.

Both the probe itself and the probe accessories should
be handled carefully at all times to prevent damage to them.
Avoid dropping the probe body. Striking a hard surface can
cause damage to both the probe body and the probe tip.
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Exercise care to prevent the cable from being crushed or
kinked. Do not place excessive strain on the cable by
pulling.

The standard-accessory probe is a compensated 10X
voltage divider. It is a resistive voltage divider for low fre-
guencies and a capacitive voltage divider for high-frequency
signal components. Inductance introduced by either a long
signal or ground lead forms a series-resonant circuit. This
circuit will affect system bandwidth and will ring if driven by
a signal containing significant frequency components at or
near the circuit's resonant frequency. Oscillations (ringing)
can then appear on the oscilloscope waveform display and
distort the true signal waveshape. Always keep both the
ground lead and the probe signal-input connections as short
as possible to maintain the best waveform fidelity.

Misadjustment of probe compensation is a common
source of measurement error. Due to variations in oscillo- -
scope input characteristics, probe compensation should be
checked and adjusted, if necessary, whenever the probe is
moved from one oscilloscope to another or between chan-
nels. See the probe compensation procedure in “Operator’s
Check and Adjustments,” or consult the instructions sup-
plied with the probe.

1ST OR LEFT 11TH OR RIGHT
VERTICAL VERTICAL
GRATICULE GRATICULE
LINE LINV
-
{ 0
RISE AND CENTER
FALL TIME HORIZONTAL
MEASUREMENT CENTER GRATICULE
VERTICAL
PERCENTAGE L LINE
MARKERS A
4207-09

Figure 2-16. Graticule measurement markings.




Coaxial Cables

Cables may also be used to connect signals to the verti-

! cal 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. Coax-
ial cables should be terminated at both ends in their charac-
teristic impedance. If this is not possible, use suitable
impedance-matching devices.

INPUT-COUPLING CAPACITOR
PRECHARGING

When the input coupling switch is set to the GND posi-
tion, the input signal is connected to ground through the
input coupling capacitor and a high resistance value. This
series combination forms a precharging circuit that allows
the input-coupling capacitor to charge to the average dc
voltage level of the signal applied to the input connector.
Thus, any large voltage transients that may accidentally be
generated will not be applied to the vertical ampilifier input
when the 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 while the input cou-
pling capacitor is charging.
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If AC input coupling is in use, the following procedure
should be followed whenever the probe tip is connected to a
signal source having a different dc level than that previously
applied. This procedure becomes especially useful if the dc
level difference is more than ten 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.

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 to the dc level of the signal source.

6. Set the AC-GND-DC switch to AC. A signal with a
large dc component can be vertically positioned within the
graticule area, and the ac component of the signal may be
measured in the normal manner.
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OPERATOR’S CHECKS AND ADJUSTMENTS

INTRODUCTION

To verify the operation and basic accuracy of your
instrument before making measurements, perform the
following checks and adjustment procedures. If adjustments
are required beyond the scope of these operator’s checks
and adjustments, see the “Adjustment Procedures” in

Section 5 of this manual.

For new equipment checks, before proceeding with these
instructions, refer to “Preparation for Use” in this section to
prepare the instrument for the initial start up before applying

power.

INITIAL SETUP

1. Verify that the POWER switch is OFF (out position
with the word OFF visible), then plug the power cord into the

ac power outlet.

2. Press in the POWER switch button (ON) and set the
instrument controls to obtain a baseline trace.

Display

INTENSITY Midrange

FOCUS Midrange
Vertical

VERT MODE CH1

CH1and CH 2

POSITION Midrange

CH 1 VOLTS/DIV 5mV

CH 1 AC-GND-DC DC

CH 2 AC-GND-DC DC

CH1andCH2

VAR CAL (in detent)
Horizontal

A SEC/DIV 0.5 ms

VAR SWP/HOLDOFF CAL (in detent)

POSITION Midrange

X10 MAG Off (indicator unlighted)
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Trigger
SOURCE CH1
COUPLING AC
MODE AUTO (P-P)
A LEVEL For a stable display (with
signal applied)
A SLOPE + (plus)
B LEVEL Runs After Delay (fully
cewy)
Display Mode
NON STORE On (indicator lighted)
STORE Off (indicator unlighted)
VIEW Off (indicator unlighted)

3. Adjust the INTENSITY and FOCUS controls for the
desired display brightness and best focused trace.

4. Adjust the Vertical and Horizontal POSITION controls
to position the trace within the graticule area.

5. Aliow the instrument to warm up before commencing
the adjustment procedures (20 minutes is recommended for
maximum accuracy).

TRACE ROTATION ADJUSTMENT

1. Preset the instrument controls and obtain a baseline
trace as described in “Initial Setup.”

2. Use the Channel 1 POSITION control to move the
baseline trace to the center horizontal graticule line.

NOTE

Normally, the resulting trace will be parallel to the cen-
ter horizontal graticule line, and the TRACE ROTA-
TION adjustment should not be required.

3. If the baseline trace is not parallel to the center hori-
zontal graticule tine, use a small-bladed screwdriver or align-
ment tool to adjust the TRACE ROTATION control and align
the trace with the graticule line (see Figure 2-11 for location
of the control on the bottom of the instrument).




)

)

PROBE COMPENSATION

Misadjustment of probe compensation is one of the
sources of measurement error. The attenuator probes are
equipped with compensation adjustments. To ensure opti-
mum measurement accuracy, always check probe com-
pensation before making measurements. Probe compen-
sation is accomplished as follows:

1. Preset the instrument controls and obtain a baseline
trace as described in “Initial Setup.”

2. Connect the two 10X probes (supplied with the instru-
ment) to the CH 1 OR X and CH 2 OR Y input connectors.
Observe that the CH 1 VOLTS/DIV readout display changes
from 5 mV to 50 mV when the 10X probe is attached to the
CH 1 OR X input.

3. Remove the hook tip from the end of both probes.

4. Insert the Channel 1 probe tip into the CAL OUT
connector

NOTE

While the probe tip is in the CAL OUT connector, use
care not to place excessive side force on the probe
body. It is possible to break off the probe tip if care is
not taken.

5. Use the CH 1 POSITION control to vertically center
the display. Adjust the A Trigger LEVEL control to obtain a
stable display on the + (plus) SLOPE, if necessary.

6. Check the waveform display for overshoot and round-
ing (see Figure 2-17). If necessary, use a small-bladed
screwdriver to adjust the probe compensation for a square
front corner on the waveform. ’

7. Remove the Channel 1 probe tip from the CAL OUT
connector and insert the Channel 2 probe tip.

8. Use the VERT MODE Menu to select CH 2 for
display.

9. Use the Trigger SOURCE Menu to select CH 2 as the
trigger source.

10. Use the CH 2 POSITION control to vertically center
the display, and check the waveform display for overshoot
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Figure 2-17. Probe compensation.

and rounding as for Channel 1. Adjust the probe compensa-
tion, if necessary, for a square front corner on the
waveform.

NOTE

Refer to the instruction manual supplied with the
probe for more complete information on the probe and
probe compensation.

VERTICAL ACCURACY CHECK

The basic vertical gain accuracy, within the accuracy of
the CAL OUT signal, may be checked using the following
procedure. Step 1 continues from Step 10 of the preceding
probe compensation check.

1. Check the CAL OUT signal amplitude for six divisions
within =0.25 division.

2. Press the STORE Display Mode button on and press
the NON STORE Display Mode button off.

3. Check the STORE waveform display of the CAL OUT
signal for six divisions within +0.25 division.

4. Press ENTER to store the waveform, then press
VIEW to display the stored CAL OUT waveform.
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5. Check the VIEW waveform display for six divisions of
amplitude within +0.25 division.

6. Select the CURSORS measurement mode. (See ei-
ther the menu diagram in the front-panel cover or the
STORAGE Menu description in “Controls and Connectors,”
in this section for the menu selections necessary.)

7. Position one cursor dot on the positive peak ampli-
tude of the waveform display using the DLY TIME/CURSOR
position push buttons on the front panel. Press the
CURSOR SEL button (MENU 1) to activate the second
cursor dot, and place it on the negative peak amplitude of
the waveform.

8. Check the CURSOR voits readout for CH 2 is 300 mV
+18 mV.

9. Remove the Channel 2 probe tip from the CAL OUT
connector and insert the Channel 1 probe tip.

10. Press the CH 1 VERT MODE button and the CH 1
Trigger SOURCE button to obtain a stable display of CH 1.

11. Press the MENU 2 button to turn the CURSOR mea-
surement mode OFF. Turn NON STORE Mode on and
VIEW Mode off.

12. Repeat Steps 1 through 8 to check the Channel 1
vertical accuracy.

HORIZONTAL ACCURACY CHECK

A check of the horizontal timing can be made using the
accurate time measurement capability of the CURSOR
measurement mode. Obtain a baseline trace, either from the
initial setup or from the previous Vertical Accuracy Check,
by switching the CH 1 AC-GND-DC switch to the GND posi-
tion, and use the following procedure to check the horizontal
accuracy.

1. Press STORE Display Mode on and turn the NON
STORE Display Mode off.

2. Set the SEC/DIV switch setting to 1 ms.

3. Select POST TRIG acquisition window using the Main
MENU selections, then select the CURSOR measurement
mode.
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4. Use the Horizontal POSITION control to position the
start of the STORE Mode trace to the left graticule edge
and use the Vertical POSITION control to align the baseline
trace with the center horizontal graticule line.

5. Position one of the cursor dots to the second vertical
graticule line (one division in from the left edge) using the
DLY TIME/CURSOR position control buttons.

6. Press the MENU 1 button (CURSOR SEL) to activate
the second cursor dot and use the DLY TIME/CURSOR po-
sition buttons to position the cursor dot to the tenth vertical
graticule line (one division in from the right graticule edge)
for an eight-division spacing between the cursor dots.

7. Check that the cursor time difference readout is 8 ms
+0.16 ms (7.84 ms to 8.16 ms).

8. Ensure that the CH 1 probe tip is in the CAL OUT
connector and set the CH 1 AC-GND-DC switch to DC. Set
the SEC/DIV switch setting to obtain a display of at least
one full period of the calibrator signal (0.1 or 0.2 ms per
division).

9. Use the Vertical and Horizontal POSITION controls to
center the display as necessary.

10. Use the DLY TIME/CURSOR position control but-
tons and the CURSOR SEL button (MENU 1) to align the
cursor dots with the rising edges of the CAL OUT signal
(measurement is of the calibrator signal period). Note the
cursor dot time difference readout and the graticule mea-
surement (horizontal distance between rising edges as
taken from the graticule markings) of the signal for later
reference.

11. Check that the cursor readout of the calibrator pe-
riod and the graticule measurement of the calibrator period
agree within £2%.

12. Turn the STORE Display Mode off and turn the NON
STORE Display Mode on. Press Main MENU button 2 to
turn the CURSOR Menu off.

13. Use the Horizontal POSITION control to align the
first rising edge of the calibrator signal with the second verti-
cal graticule line.

14. Determine the horizontal graticule measurement of
the calibrator signal period. Note the reading for later
reference.




15. Check that the NON STORE Mode calibrator signal
period measurement obtained from the graticule markings is
within +3% of the STORE Mode calibrator signal period
obtained in step 10.

16. Press the X10 MAG button on (indicator illuminated)
and set the A SEC/DIV switch setting to obtain a display of
at least one full period of the calibrator signal (0.1 or 0.2 ms
per division).

17. Check that the magnified NON STORE Mode cali-
brator signal period measurement obtained from the grati-
cule markings is within +4% of the STORE Mode calibrator
signal period obtained in Step 10.

18. Press the X10 MAG button to turn off the magnified
display and set the A SEC/DIV switch setting to obtain a
display of at least two full periods of the calibrator signal
(0.2 ms or 0.5 ms per division).

19. Pull the SEC/DIV knob to the out position for ALT
Horizontal Display Mode and set the B SEC/DIV to one
sweep speed faster than the A SEC/DIV switch setting.

20. Press and hold the left DLY TIME/CURSOR position
button until the intensified zone on the A Sweep trace is
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positioned to its maximum left position (delay time readout
stops changing). (The INTENSITY control may require ad-
justment to view the intensified zone.)

21. Use the DLY TIME/CURSOR position control but-
tons to align the first rising edge of the B DLY'D trace cali-
brator signal with center vertical graticule line (commonly
used as a measurement reference for making delayed time
measurements).

22. Press both the DLY TIME/CURSOR buttons in to-
gether to zero the delay time readout. (Verify that the rising
edge of the signal remains correctly aligned when the read-
out is zeroed. If it does not, perform the alignment and zero-
ing to perfect the initial positioning.)

23. Use the DLY TIME/CURSOR buttons to align the
second rising edge of the calibrator signal with the center
vertical graticule line. When the rising edge is nearly posi-
tioned, press in the SEC/DIV knob to obtain smoother po-
sitioning control, if needed.

24. Read the delay time readout (calibrator signal period)
and note for further reference.

25. Check that the delay time readout is within +2% of
the cursor time difference readout obtained in Step 10.
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336 Service—Section 3

THEORY OF OPERATION

SECTION ORGANIZATION

This section contains a functional description of the 336
Oscilloscope circuitry. The discussion begins with an over-
view of the instrument functions and continues with detailed
explanations of each major circuit. Reference is made to
supporting schematic and block diagrams which will facili-
tate understanding of the text. These diagrams show inter-
connections between parts of the circuitry, identify circuit
components, list specific component values, and indicate in-
terrelationships with front-panel controls and side-panel
connectors.

The block diagram and the schematic diagrams are lo-
cated in the tabbed “Diagrams” section at the rear of this
manual, while smaller functional diagrams are contained
within this section near the associated 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 appro-
priate foldout page. For optimum understanding of the cir-
cuit being described, refer to both the applicable schematic
diagram and the functional block diagram.

HYBRID AND 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 posi-
tive-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 volt-
ages which constitute a Hl or a LO vary between individual
devices. For specific device characteristics, refer to the
manufacturer’'s data book.

Hybrids

Some of the circuits in this instrument are implemented in
hybrid devices. The hybrids are specialized electronic de-
vices combining thick-film and semiconductor technologies.
Passive, thick-film components and active, semiconductor
components are interconnected to form the circuit on a ce-
ramic carrier. The end result is a relatively small “building
block” with enhanced performance characteristics, all in one
package. Hybrid circuits are shown on schematics simply as
blocks with inputs and outputs identified. Information about
hybrid functioning is contained in the related portion of the
Detailed Circuit Description.

Linear Devices

The operation of individual linear integrated circuit de-
vices is described in this section using waveforms or other
graphic techniques to illustrate their operation.

BLOCK DIAGRAM

The following discussion is provided as an aid in under-
standing overall operation of the 336 Oscilloscope circuitry
before the individual circuits are discussed in detail. A simpli-
fied block diagram of the 336 Oscilloscope, showing basic
interconnections, is shown in Figure 3-1. The diamond-
enclosed numbers in each block refer to the schematic dia-
gram(s) at the rear of this manual in which the related cir-
cuitry is located.

BLOCK DESCRIPTION

The Low-Voltage Power Supply is a high-efficiency,
switching supply with active output regulation that trans-
forms the ac source voltage to the various dc voltages re-
quired by the 336. The High-Voltage Power Supply and CRT
circuit develops the high accelerating potentials required by
the crt using voltage multiplication techniques, and a dc re-
storer provides interfacing for the low-potential intensity sig-
nals from the Unblanking Logic to the crt control grid.



Theory of Operation—336 Service

EXT Z-AX1S IN

CAL
ouT

EXT
TRIG
IN

4421-11A

CONTROL BUS

(v

EXT
Z-AXIS ESE
IN
MICROPROCESSOR
OPTION @1
GPIB, EXTENDED
MEMORY , AND
GPIB BATTERY BACKUP
PORT

=

FRONT PANEL

& K

>>_7___
:>______

CHART OUT

&

VERTICAL MODE
CONTROL

O

CALIBRATOR

N/

ACQUISITION
TIMEBASE AND
CONTROL

©

LS LI L LY

ADDRESS DECODER
AND MEMORY

&

O

Z-AXIS CONTROL

STORAGE DISPLAY
CONTROL

DISPLAY MEMORY

ACQUISITION
RAM

©

o] SAMPLER AND

A-D

©

ACQ PICKOFF

CONTROL
STROBES

X-Y
NONSTORE
STORAGE

ROZ ENABLE

STORAGE Z ENABLE

VERTICAL

CHANNEL SWITCH

A GATE

B GATE

SELECTS
0— cH1ecHz2 CHv{;RT&wCrLZ o
ATTENUATORS PREAMPS H2 o ::
%—— @ ] )
A TRIGGCER PICKOFF
B TRIGGER PICKOFF
A & B TRIGGERS | TRIG VIEW
TRIGGER SELECT AND TV SYNC SWEEP CONTROL
SEPARATOR A TRIG
> <::>> : B TRIC <i:>
X-Y
LINE TRlGGER——’

3-2

Figure 3-1.

Simplified Block Diagram.



Theory of Operation—336 Service

LINE
TRIGGER

LV

POWER SUPPLIES

FAN

R

'

CRT

2Kyl ¥9BV L 8V L +5Vp
"] UNBLANK ING +45V  +5V
™1 LoGIC
HV AND CRT +1@KV ANODE
@ Z-AXIS I
A GATE J
B GATE
STORAGE SWEEP
AND READOUT
INTEN P
- -
Y )
STORAGE Y-AXIS OR ROY
1
VERT + VERTICAL
DELAY LINE 7| OUTPUT AMPLIFIER
= <6> VERT - @
STORAGE X-AXIS
ROX

A & B SWEEP A SWP HOR1ZONTAL HORIZONTAL | HORIZ + HORIZONTAL
GENERATORS B SWP SWITCHING HOR1Z PREAMP QUTPUT AMPLIFIER

©

1o

HORIZ -

Lo

D

4421-11B

Figure 3-1. Simplified Block Dkiagram (cont).



Theory of Operation—336 Service

Most of the activities of the 336 are directed by a Micro-
processor. The Microprocessor, under firmware control
(firmware is the programmed instructions contained in read-
only memory that tells the processor how to operate), moni-
tors instrument functions and sets up the operating modes
according to the instructions received.

Various types of data to and from the Microprocessor
(program instructions, constants, control data, etc.) are
transferred over a group of eight bidirectional signal lines
calied the Data Bus. The Data Bus is dedicated solely to
Microprocessor-related data transfer.

Another group of signal lines, called the Address Bus, are
responsible for selecting or “addressing” the memory loca-
tion or device that the Microprocessor wants to communi-
cate with. Typically, depending on the instruction being
executed, the processor places an address on the Address
Bus that identifies the location the Microprocessor must
communicate with. This address, along with some enabling
logic, opens up an appropriate data path via the Data Bus;
and data is then either read from or written to that location
by the processor. These busses, grouped together for sim-
plicity, are shown on the Block Diagram (Figure 3-1) as one
large Control Bus.

When power is applied to the 336, a brief initialization
sequence is performed, and then the processor begins
scanning the Front-Panel controls. Depending on the op-
erating mode called for, the processor will generate some
mode-dependent data that must be placed in temporary
storage (along with the Front-Panel settings) for later use.
The RAM (random-access memory) in the Address Decoder
and Memory stage provides this storage function.

The Front-Panel switch settings detected cause the pro-
cessor to set various control registers and control voltages
within the instrument that define the operating mode of the
instrument. These register settings and voltage levels con-
trol the vertical channel section and deflection factors, the
sweep rate, the triggering parameters, the readout activity,
and sequencing of the display. Loading the control data into
the various registers throughout the instrument is done via
the data bus, while the individual control-clock signals that
load the registers are generated by the Address Decoder.

Coordination of the vertical, horizontal, and Z-axis (inten-
sity) components of the display must be done in real time.
Due to the speed of these display changes and the precise
timing relationships that must be maintained between dis-
play events, direct sequencing of the display is beyond the
capabilities of the processor. Instead, control data from the
processor is sent to several register-controlled stages that
sequence the real-time display signals. The control stages
are stepped through a predefined sequence that is deter-
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mined by the control data. Typically, as the sequence is be-
ing executed, the oscilloscope may be changing vertical
signal sources, Z-axis intensity levels, triggering sources,
and horizontal sweep signal sources. The specific activities
being carried out by any control stage depend on the display
mode called for by the control data.

Vertical deflection for crt displays comes from either or
both of the two side-panel vertical inputs, the trigger cir-
cuitry for trigger-view displays or, when displaying readout
or stored waveform information, from the Storage Display
circuitry. Signals applied to the side-panel Channel 1 and
Channel 2 inputs are connected to their respective Pream-
plifiers via processor-switched Attenuator networks. Con-
troi data from the Microprocessor, defining the attenuation
factor selected for each channel, is loaded into the Attenua-
tor control register. The relay switches of each Attenuator
network are then either opened or closed by the Attenuator
Register output levels.

Attenuated Channel 1 and Channel 2 input signals are
amplified by their respective Preamplifiers. The gain factor
for the Preamplifiers is settable by control data from the
processor. The preamplified signals are applied to the Verti-
cal Channel Switch along with the trigger signal, where they
are selected (by select signals from the Vertical Mode Con-
trol stage) for display when required.

The selected vertical (or trigger-view) signal is applied to
the Delay Line (which delays the signal long enough to see
the trigger point) and is then amplified by the Vertical Output
Amplifier. This amplifier raises the real-time and storage
(waveform or readout) signals to proper crt drive levels to
vertically deflect the crt beam. Both the channel 1 and chan-
nel 2 vertical input signals are applied to the Trigger Select
circuitry via TRIGGER PICKOFF outputs from the Preampii-
fier stage. Either signal may be selected as the trigger
source for the A or the B trigger circuitry (separate trigger
SOURCE selection for A and B is not provided). Selection is
controlled by the Microprocessor setup data. Two other
trigger sources available are LINE and external (EXT and
EXT/10). The TV Sync Separate (one of the COUPLING
selections) extracts the horizontal and vertical sync signals
from an applied composite video signal for stable triggering
on TV signals. When the selected trigger signal meets the
preset trigger requirements, a sweep can be initiated.

The Sweep Control circuit initiates both the A Sweep and
the B Sweep as required by the display mode selected. In
the case of A Sweeps, the Sweep Control circuit will enable
the A Sweep Generator whenever sweep holdoff require-
ments are met and an A Trigger signal occurs. For B
Sweeps, and in the case of intensified sweeps, the A
Sweep’s delay gate signal enables the B Sweep Generator.
Depending on the B Trigger mode selected, a B Sweep will
be initiated either immediately after the A delay has elapsed



(RUN AFT DLY) or on the next B Trigger signal received
after the A delay time has elapsed (TRIG AFT DLY). The
slopes of the sweep ramps are dependent on control data
from the Microprocessor. The data is loaded into internal
control registers of the A and B Sweep Generators.

Sweep signals generated by the A and B Sweep Genera-
tors are applied to the Horizontal Switching stage, which
selects the source of the signal applied to the Horizontal
Preamp. The Horizontal Switching stage will select from A
SWP, B SWP, X-Y (a buffered version of the CH 1 signal),
the STORAGE X-AXIS or the RO X (readout X) signals,
depending on display mode control data from the
Microprocessor.

The selected signal is amplified to crt drive levels by the
Horizontal Preamp and the Horizontal Output Amp and pro-
vides the horizontal deflection of the crt beam.

To control the display intensity, the Microprocessor will
write mode information to the Z-Axis Control stage. This
stage produces the mode-dependent, real-time control sig-
nals for switching Z-Axis display modes. The Unblanking
Logic will change the Z-Axis drive level based on the type of
display selected.

The varying Z-Axis drive signai is coupled to the high-
voltage environment of the crt by a dc restorer circuit within
the HV and CRT stage. The resulting INTEN output, along
with the horizontal and vertical deflection signals, will pro-
duce a visible display of real-time waveform, stored wave-
form, and readout information on the crt.

As with the real-time displays, acquisition and display of
stored waveforms is controlied by Microprocessor control
data written into control registers within the stages being
controlled.

To acquire a waveform from the CH 1 or CH 2 inputs,
mode data written into the Vertical Mode Control stage will
cause the Vertical Channel switch to route the desired verti-
cal signal to the Sampler and A-D stage via the ACQ PICK-
OFF lines. Sampling-rate and sampling-mode data written
to the Acquisition Time Base and Control stage causes
sampling clocks to be generated at the proper rate for the
selected sampling mode. The Sampler and A-D converter
samples the applied signal and stores a digital representa-
tion of each sampled point into the Acquisition RAM. When
the entire waveform has been acquired, it is transferred to
Display Memory for future recall.

Depending on display-mode information written into the
Storage Display Control stage, it will continuously clock the
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selected waveform data from the Display Memory to the
Storage Sweep and Readout circuit, producing the verticat
deflection data for the selected waveform.

The Storage Sweep and Readout stage routes this verti-
cal deflection information (for storage waveforms or readout
displays) to the Vertical Output Amp. It also produces the
sweep ramp to display this stored waveform deflection data
against and routes it to the Horizontal Switching stage. For
readout displays, the Storage Sweep and Readout stage
will produce horizontal readout deflection signals instead of
a waveform sweep ramp.

Unblanking of storage displays is controlled by signals
from the Storage Display Control stage to the Unblanking
Logic.

With these Z-Axis, horizontal deflection, and vertical de-
flection signals amplified to their proper levels, a storage
waveform or readout display will result.

The optional GPIB, Extended Memory, and Battery
Backup board provides additional memory locations for
storing up to eight additional acquired waveforms. The Bat-
tery Backup portion of this circuit will maintain the stored
waveform (and scale factor) data with instrument power off.

The GPIB interface circuit allows the 336 to transfer its
acquired waveform data to another GPIB device under con-
trol of a GPIB controller.

The Chart Out circuit allows the Miroprocessor to output
the stored waveform data in analog fashion to control an
external X-Y plotter. This allows hard copies of the acquired
waveform data to be made.

The Calibrator circuit produces an approximate 1 kHz
square-wave output used for matching the frequency re-
sponse of the oscilloscope probes to the vertical channels
to which they are connected. The Fan provides instrument
cooling.

MICROPROCESSOR <>

The Microprocessor (diagram 1) directs the operation of
most oscilloscope functions by following firmware control
instructions stored in memory. These instructions direct the
Microprocessor to monitor the front-panel controls and to
send control signals that set up the various signal process-
ing circuits accordingly.
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Microprocessor

The Microprocessor (U100) is the center of controi activi-
ties. It has an eight-bit, bidirectional data bus for data trans-
fer (DO-D7) and a sixteen-bit address bus (A0-A15) for
selecting the source or destination of the data. Precise tim-
ing of instruction execution, addressing, and data transfer is
provided by an external crystal-controlled clock signal.

The clock signal is developed by the Microprocessor
Clock stage and applied to the Microprocessor at pin 6.
Using the external clock as a reference, the Microprocessor
generates synchronized control signals (WR (write), RD
(read), MREQ (memory request) and IORQ (IO request))
that maintain proper timing relationships throughout the
instrument.

Microprocessor Clock

The Microprocessor Clock stage generates a
2.4576 MHz square-wave signal to the Microprocessor and
a 1.2288 MHz clock to other timing circuitry. The clock gen-
erator IC U110 oscillates at the frequency set by crystal
Y110. Internal countdown dividers at the F/2 and F/4 out-
puts provide the clock frequencies used in the instrument.
Schmitt inverter U180F inverts and buffers the F/2 signal to
the Microprocessor. The inductor L110 prevents oscillation
at a harmonic or subharmonic frequency
of the crystal.

Power-Up Reset

The Power-Up Reset stage consists of voltage sensor
U182. This IC compares an internally-generated voltage ref-
erence to the level across a charging capacitor. When
power is applied, the RESET level to the Microprocessor
will be LO until external capacitor C180 charges to the inter-
nal reference level, at which time the reset is removed. This
time delay ensures that all power supplies have had time to
stabilize before processor operation begins.

LED Scan

The LED Scan circuit consists of 14-bit counter U115
that divides the 1.2288 MHz signal from the Microprocessor
Clock stage down to the 150 Hz and 75 Hz signals used to
sequence the LED Driver circuitry (diagram 3). In addition,
the 150 Hz signal produces a microprocessor interrupt re-
quest used to update the various time-dependant functions
at a known realtime rate.

interrupt Logic

The Interrupt Logic provides the interface for handling
interrupt requests to the microprocessor from various pe-
ripheral circuits. The processor, upon detecting the pres-
ence of an interrupt request, will branch from its normal
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program execution to an interrupt handling routine that de-
termines which circuit requires servicing, and then performs
the required servicing operations.

Microprocessor interrupt requests may be generated by
(1)the real-time clock (U115 and U180A), (2)the Acquisition
circuitry (diagram 12) when in ROLL mode, and (3) the op-
tional GPIB circuitry (if present). GP!B interrupt requests are
detected by U190A, and U190C applies a LO INT (interrupt)
to pin 16 of the microprocessor. The processor generates a
LO I10RQ (I/O requested) signal to U170 and enables the
Status Buffer’'s number “2” buffers. The LO GPIBINT (GPIB
interrupt request) is buffered through U170 to data bus line
D3, where the processor may read it. This LO bit defines the
GPIB as the requestor and the processor branches to a
GPIB interrupt handler routine. When the GPIB circuit rec-
ognizes that it is being serviced, it will remove its interrupt
request. Normal processor operation will resume when ser-
vicing is complete.

The other two interrupts, realtime (150 Hz) and roll mode
(ROLLINT), are mutually exclusive and are selectable by the
microprocessor. For normal (non-roll) operation, the proces-
sor will place a LO on data bus line D4 and generate an
OPTBNK (option bank) pulse via the address decode cir-
cuitry, clocking a LO to the Q output of U130B. This LO is
applied to U190B, disabling the roll interrupt path and forc-
ing the reset of U130A HlI (if not already HI). The rising edge
of the free-running 150 Hz timing signal clocks the LO at the
data input of 130A to its Q output, generating an interrupt to
the processor (via U190A and U190C).

The processor checks the Status Buffer as described
earlier and determines that this is a TIMER interrupt. The
processor generates an INTACK (interrupt acknowledge)
pulse, resetting U130A to remove the interrupt request and
branches to the realtime service routine. When the realtime
servicing is complete, the processor returns to normal pro-
gram execution. Each sucessive 150 Hz clock generates an-
other interrupt and the realtime service routine is executed
again.

For roll displays, the processor will clock a HI into U130B
instead of the LO used for generating timer interrupts. The
resulting HI at the Q output of U130B pulls the clock input of
U130A HI through CR132 and holds it HI, in spite of the
150 Hz timer clock signal. The Hl is also applied to pin 5 of
U190B and enables the roll interrupt (ROLLINT) path.

When a ROLLINT pulse is generated by the Acquisition
circuitry (diagram 12), a LO reset pulse will be applied to
U130A, resetting it's Q output LO. This produces an inter-
rupt to the processor (via U190A and U190C) and the pro-
cessor will branch to its interrupt-handling routine. The
processor reads the Status Buffer, determines that a roll



interrupt has occured, issues an interrupt acknowledge
(INTACK from Address Decode, diagram 2), and branches
to the roll-interrupt handler routine. In roll mode, this inter-
rupt will be generated each time a data point is acquired.

ADDRESS DECODER AND
MEMORY

The Address Decoder (diagram 2) generates enabling
signals and strobes that allow the Microprocessor to control
various devices and circuit functions. The Memory stage
provides the permanent and temporary storage locations for
data used by the Microprocessor in executing its control
functions.

Address Decoder

The Address Decoder stage, comprised of U500, U510,
U520, U530, U540D, and U550, generates strobes and en-
ables for controlling devices and circuit functions by decod-
ing the various bits of the Address bus. Table 3-1 illustrates
address decoding by this stage.

Inverting AND gate U540D decodes address bit A15 for
enabling U200 (ROMO). Whenever A15 is LO (lower 32 k of
address space) and the RD line from the Microprocessor is
LO, U200 is enabled and data may be read from the device.

The 2-line to 4-line decoders U500A, U500B, U510A, and
U510B and the 3-line to 8-line decoders U520 and U530
decode the 10 MSBs of the address bus to generate the
other enables and strobes illustrated in Table 3-1. The out-
puts from U530 will only be generated when a WR (write)
enable from the Microprocessor is present.

The OR gates of U550 allow the 3 LSBs of the address
bus to address one bit in the Attenuator Register (diagram
4) whenever address block CEQ0-CFFF is decoded (by pin 7
of U510A). The data bit DMO from the processor data bus is
applied to the register’s input via U550C and will be written
to the register when an address between CFCO and CFFF is
decoded by pin 7 of U530 (ATT is generated). See Attenua-
tor Register description for further information.

Memory

The Memory stage consists of ROMs (read-only mem-
ory) U200 and U220 and RAM (random-access memory)
uU300.

The ROMSs contain the firmware (operating instructions)
used to control processor (and thus oscilloscope) operation.
Addresses falling within the lower 48k-bytes of addressable
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space will enable data to be read from either U200 or U220
(see Table 3-1) when enabled by a LO RD (read) signal from
the Microprocessor.

The RAM IC, U300, provides 8k-bytes of temporary stor-
age of transient processor data and acquired waveform
data points. Of these 8k-bytes, the lower 4k-bytes are used
for the transient data storage area for processor functions.
The upper 4k-bytes are used to store CH 1 and CH 2 data
points for two acquired (and “STORED") waveforms. Read-
ing and writing of addressed RAM locations is controlled by
the RD (read) and WR (write) enables from the Micro-
processor respectively.

The two remaining chip enables (CE1 and CE2) are
routed to an edge card connector and are jumpered (or left
unjumpered) depending on whether the instrument contains
the RAM expansion option board. Without the option board,
the address-decoded SYS (system RAM) enable is
jumpered to the SYSB line and controls the CE1 enable
while the CE2 enable is permantently enabled by jumpering
the +5 Vg, line to the +5 V,, supply line. When instrument
power is turned off, the contents of the RAM are lost.

With the “Extended Memory, Battery Backup and GPIB”
option board (diagram 16) installed, the CE1 and CE2 en-
ables are controlied by circuitry on the option board. The
CE2 enable (and more importantly, U300’s Vcc supply pin)
is connected to a switched battery supply circuit on the op-
tion board that maintains power to the RAM chip with the
power switch off. The CE1 enable operates in the normal
fashion (controlled by SYS) as long as normal instrument
power is applied, but when the power switch is turned off
(detected by circuitry on the option board), the SYSB en-
able is removed before the instrument power supplies decay
below nornal operating levels. This early disabling prevents
the contents of the RAM from being altered by unpredict-
able operation of the other oscilloscope circuitry (especially
the processor) as their power supplies go out of limits. The
Battery Backup and the early disabling allow the setup data
(instrument configuration) and stored waveform data to be
preserved with instrument power off.

KEYBOARD AND INTERFACE <3>

The Keyboard and Interface (diagram 3) is the operator’s
means of controlling the user-selectable oscilloscope func-
tions. Along with the crt, it provides visual feedback to the
operator about the present operating state of the
instrument.
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Table 3-1
336 Address Decoding
Address Range Control Signal Decoding/Generating
Device
0000-07FF ROMO u540D
8000-BFFF ROM2 U5008
C000-CBFF UNUSED U510B and U510A
CC00-CC3F RDACQ U520
CC40-CC7F 'WFMCTRL U520
CC40-CC4F ‘DISMD U130A
CC50-CC5F TBD U785A
CC60-CC6F Lo U785A
CC70-CC7F ARM U785A
CC80-CCBF OPTBNK U520
CCCO-CCFF H-V MODE CONT U520
CD00-CD3F TALK CONT U520
CD40-CD7F INTACK U520
CD80-CDBF ‘RDDATA U520
CDCO-CDFF KEYCONT U520
CDC0-CDC3 LC U100A
CDC4-CDC7 LED U100A
CDC8-CDCB sw U100A
CDCC-CDFF UNUSED U100A
CE00-CE3F TSOURCE U520
CEOQO0 V/H SYNC
CEO1 AUTO
e e
CEO03 RUNS AFT DLY location. Seven overlays of this
CE04 TV ENABLE space exist up to address CESF.
CEO05 HF REJ
CEO06 LF REJ
CEOQ7 bC
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Table 3-1 (cont)
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Address Range

Control Signal

Decoding/Generating

Device
CE40-CE7F TCOUPLE U520
CE40 INT
CE41 EXT
CE43 STORAGE INTENSITY location. Seven overlays of this
CE44 TINETRIG space exist up to address CES3F.
CE45 CH2 TRIG
CE46 UNUSED
CE47 CH1TRIG
CEB80-CEBF SWP HO LATCH U520
CES80 RESET
CE81 HOLDOFF CHANGE
CEB2 VAR HOLDOFF SEL U140—This is a data register. Data
CE83 VAR SWP SELECT on DPO is written to the addrgssed
location. Seven overlays of this
CE84 LOCKOUT space exist up to address CEBF.
CES85 AUTO
CE86 HO TIMING 1
CE87 HO TIMING 2
CECO-CEFF UNUSED U530
CFO00-CF3F PREAMP U520
CFO00 CH1(divide)4
CFO1 CH1(divide)1
CF03 CH2(divide)1 location. Seven overlays of this
CF04 CH2(divide)2 space exist up to address CF3F
CF05 CH2(divide)4
CF06 CH2 INVERT
CF07 CH2 NORM
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Table 3-1 (cont)

Address Range Control Signal Decoding/Generating
Device
CF40-CF7F SWP CONTROL LATCH U520
CF40 B TIMING CAP 2
CF41 B TIMING CAP 1
CF42 A TIMING CAP 2 U120—This is a data register. Data
CF43 A TIMING CAP 1 on DPO is written to the addrgssed
location. Seven overlays of this
CF44 RUNS AFTER DELAY space exist up to address CF7F.
CF45 TRIG AFTER DELAY
CF46 SINGLE SWP
CF47 UNUSED
CF80-CFBF TIMING CURRENT LATCH U520
CF80 B SEL 4
CF81 B SEL 2
CF83 UNUSED location. Seven overlays of this
CF84 A SEL 1 space exist up to address CFBF.
CF85 A SEL. 2
CF86 A SEL 4
CF87 UNUSED
CFCO-CFFF ATT us20
CFCO CH2 GND
CFC1 CH1 GND
CFC3 CH1 X100 location. Seven overlays of this
CEC4 CH1 AC/DC space exist up to address CFFF.
CFC5 CH2 AC/DC
CFC6 CH2 X100
CFC7 CH1 X10
D000-D7FF WRDISP u510B
D800-DFFF OPTRAM us10B
E000-FFFF SYS U500A

*NOTE: These outputs are inverted from the levels loaded into the register.
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Switch Matrix

The operator selects oscilloscope operating mode by
. pressing or turning the various switches in the Switch Ma-
trix. The switches are arranged in a seven-row by seven-
column matrix and are read as explained in the Switch
Scanning description (following). The diodes associated with
each switch prevent ambiguous data and/or damage to
components when multiple switch closures are present.

Switch Scanning

The Switch Scanning stage is made up of U100A, U120,
U220, and the associated components and allows the
Miroprocessor to detect and interpret closures of the front-
panel switches. To read the switches, the Microprocessor
sequentially sets each column of the matrix LO (by itself)
and reads the resulting closure data from the data bus. The
processor uses the combination of the column selected and
the closure data read back for that column to determine
which switch(es) is closed.

To set the individual columns of the Switch Matrix LO,
the Microprocessor “writes” data to a location between
CDCO and CDC3. This address range causes the Address
Decoder to generate a LO KEYCONT (keyboard control)
enable to decoder U100A. Address bits A2 and A3 are de-
coded and produce a LO LC (load column) enable to the
latched decoder U220. The lower 3 bits of the data byte (DO-
1 D2) are used to select the desired output and cause it (and it
~ alone) to go LO. The LC enable is removed when the ad-
dress goes away but, because the select data is latched into
U220, the LO column select remains on.

With the column selected as described, the processor
then reads the data from a location between CDC8 and
CDCB. This address causes the Address Decoder to enable
U100A with KEYCONT, and address bits A2 and A3 are
decoded to produce the SW (switch) enable to tristate
buffer U120. Any closed switch on the selected column line
will pull its associated row line LO. The data byte read by
the processor is then correlated with the column select data
to identify each closed switch.

LED Matrix

The front-panel LEDs provide visual feedback to the op-
erator about oscilloscope operating mode. The LEDs are
arranged in a 4 x 4 matrix and are used to backlight selected
switch functions.

LED Driver

The LED Driver stage provides the LED selection func-
_ tion and the current drive required to illuminate the LEDs
" (used to backlight selected switches as visual feedback to
the operator).
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To select which LEDs will be illuminated, the Micro-
processor writes four bytes of data to U200. U200 is a 4-
word by 4-bit RAM with independent read and write address
lines. Writing data to address locations CDC4 through
CDC7 will cause the Address Decoder to enable U100A
with a LO KEYCONT signal and it will generate the LO LED
signal that “write enables” U200. With U200 write enabled,
the two LSBs of the address bus, A0 and A1, select one of
the four locations in the RAM. The four LSBs of the data
bus (D0-D3), defining which LEDs of the corresponding row
should be illuminated, are written to the addressed location.
This occurs four times to define the LED states in each of
the four rows within the LED Matrix, a HI bit being written
for each LED that should be illuminated.

The two free-running clocks (75 Hz and 150 Hz) applied
to U200's read address pins (RAO0 and RA1) cause the RAM
to continuously cycle through its four locations, outputting
the four data words defining which LEDs to illuminate. At
the same time, the same two clocks cause U100B to con-
tinuously cycle a LO through each of its four outputs, en-
abling one row of the LED Matrix. In this way, the four data
words each correspond to one of the four rows. A HI bit in
the data word from U200 sources current through the LED
associated with the selected row line. The complete process
(scanning four rows) occurs at a fast enough rate (75 Hz) to
prevent visible flicker of the LEDs.

Front-Panel Potentiometers

The Front-Panel Potentiometers provide operator control
of some of the oscilloscope’s analog-type functions. Those
controls on the top-right corner of the diagram merely pro-
vide a variable dc voitage to the circuits they control.

The A TRIG LEVEL and B TRIG LEVEL potentiometers,
shown at the top-left corner of the diagram, operate with
constant voitages applied to their ends in normal trigger op-
eration; however, when T (trigger) MODE AUTO is being
used, the dc levels of the Trigger signal’s positive and nega-
tive peaks are applied to the ends of the potentiometers.
This spreads the active range of the trigger level controls
over the range of the trigger signal amplitude.

CH 1 AND CH 2 ATTENUATORS @

The CH 1 and CH 2 Attenuators (diagram 4) allow the
operator to select various vertical deflection and coupling
factors. The Microprocessor reads the settings of the front-
panel VOLTS/DIV and input coupling switches and then dig-
itally switches relays controlling the signal attenuation
factors and coupling mode. The CH 1 and CH 2 Attenuators
are identical; therefore, only the CH 1 Attenuator will be
described.

3-11



Theory of Operation—336 Service

CH 1 Attenuator

The CH 1 Attenuator routes the input signal through a
series of reed relays and, depending on the path, deter-
mines input coupling mode and attenuation factor. The re-
lays are driven by the inverters within U10 and U20 of the
Attenuator Register and Buffer Stage and are ciosed when
the corresponding buffer output is LO.

With relay contact S3 open, the input signal is ac coupled
to the rest of the attenuator through capacitor C3. Closing
relay S3 bypasses C3 and the signal coupling is dc.

Dual-contact relays K10 and K4 are controlled by com-
plementary signals CH1 100X and CH1 100X , and only one
set of contacts may be closed at any time. If the Micro-
processor determines that an 100X attenuation factor is re-
quired, the CH1 100X line will be set LO, closing contacts
S10A and S10B. At the same time, U10 inverts the
CH1 100X signal and applies a HI CH1 100X signal to.relay
K4, opening its contacts. Closing relay contacts S10A and
S10B places a frequency-compensated + 100 resistive di-
vider in series with the input signal, reducing the amplitude
of the output signal by a factor of 100.

If the 100X attenuation is not needed (CH1 100X HI),
contacts S10A and S10B will remain open while those of K4
(A and B) will be closed. This passes the input signal on to a
similar 10X attenuation network controlled by relays K22
and K20. For a 10X attenuation factor, contacts S22A and
S22B are closed while S20A and S20B remain open. For a
1X (no attenuation) factor, contacts S4A, S4B, S20A, and
S20B are all closed, to pass the unattenuated signal on to
the output buffer comprised of Q40A, Q40B, and their asso-
ciated components.

The attenuated (or unattenuated) signal is applied across
R30 and develops a voltage that drives the FET-buffered
output. Normal signal drive for the buffer is via R32, C32,
and R34 and drives the gate of Q40A configured as a
source follower. Closing relay contact S31 grounds the drive
signal for the buffer and provides a zero-voltage reference
trace on the crt display.

FETs Q40A and Q40B form a source-follower buffer,
providing a high input impedance and a high current output.
Transistor Q40B and R48 are configured as a constant cur-
rent source for the rest of the buffer. Since the FETs are
closely matched and since nearly identical currents are flow-
ing in them, the voltage drop from the gate of Q40A to the
output will match that from the gate of Q40B to the —5V
supply (0 volt drop). The signal output (at the drain of Q40B)
follows the input signal at the gate of Q40A.
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Attenuator Register and Buffer

The Attenuator Register and Buffer provides storage of
the attenuator control data and buffers the data to the
attenuator relays to hold the appropriate relays closed. The
Microprocessor sets up each of the 8 bits in the Attenuator
Register U50 by writing 1 bit of data (via data bus line DDO)
to each of the eight locations between CFCO and CFC7 (see
address decoding, Table 3-1). Addresses falling within this
range cause the Address Decoder to enable U50 with a LO
ATT (attenuator) enable. The lower 3 bits of the address
(DAO, DA1, and DA2) are decoded by U50 and select one of
the 8-bit locations within the register for storage of the DDO
data. After each location is set to its proper level, the ATT
enable goes HI and the 8 outputs at Q0-Q7 are applied to
buffers U10 and U20. These buffers invert the levels of the
data stored into register US0 and provide proper drive for
the relays in the attenuator stages. A HI bit loaded intoc a
specific location in register U50 will be inverted by U10 or
U20 and will close the associated relay contact(s).

Probe Encoding

The Probe Encoding stages detect use of 10X encoded
probes and signal the Microprocessor of their use.

With unencoded probes, the transistors within U250 and
U260 are biased on by the resistors at pin 4 tied to +5
volts. This biasing turns the transistors on and pulls their
collectors LO. These LOs are applied to a Microprocessor
Status Buffer where they can be read. If a 10X probe is in
use, the base of the associated Probe-Encoding IC is pulled
LO through the resistor at pin 6 and the probe’s encoding
pin. This turns the output transistor off and the status bit to
the Microprocessor goes HI, signaling an encoded probe.

CH 1 AND CH 2 VERTICAL
PREAMPS

The CH 1 and CH 2 Vertical Preamps (diagram 5) provide
selectable- and variable-gain amplification of the attenuated
CH 1 and CH 2 input signals. The gain factors of these
preamplifiers are set by the Microprocessor after reading
the front panel and, along with the Microprocessor-
selectable attenuation factors, allow the operator to select
the vertical deflection factors.

Preamp Control Register

The Preamp Control Register stores the preamplifier
setup data from the Microprocessor and generates the drive
signals that select preamplifier gain factors and (for CH 2)
operating mode.



The Microprocessor reads the front-panel vertical deflec-
tion switches and determines what the preamplifier gain
should be. It writes data from U430’s DDO input to the out-
put addressed by the DAO, DA1, and DA2 inputs. A HI out-
put closes the corresponding switch in either U174 or U474
and enables that preamplifier function. The address decod-
ing used to set the preampilifier functions is shown in
Table 3-1.

CH 1 Preamp

Transistor array U100 and its associated components
form a paraphase amplifier with variable gain capability.
With the CH 1 VAR signal from the front panel in its detent
position (+5 V), transistors Q100A and Q100D are biased
on hard and Q100C and Q100E are nearly reverse biased.
The attenuated CH 1 signal applied to the base of Q100B
varies the signal current to the emitter-coupled transistor
pair U100A-U100C, and the majority of the signal current
flows through U100A. The varying current is injected into
the emitter of Q144 and develops an output signal across
R160A.

The other side of the input stage is composed of U100D,
U100E, U100F, and their associated components. Bias ap-
plied to U100F from the VAR BALANCE adjustment is used
to match quiescent currents in each side of the paraphase
amplifier. Phase splitting occurs because the signal present
at the emitter of U100B is coupled to the emitter of U100F
and varies the transistor’s base-emitter bias (and thus col-
lector current). The result is two current signals 180° out of
phase derived from the single signal input (at the base of
U100A). Resistors R104, R105, and R108 set the gain at
the preamplifier. Resistor R108 is adjusted to match the CH
1 gain to that of CH 2. Resistor R102 and capacitor C102
are used to adjust the frequency response of the
preamplifier.

As the CH 1 VAR control is moved from its detented
position, the bias on U100A and U100D is reduced (and
effective bias on U100C and U100E increases). The signal
currents developed by U100B and U100F are proportionally
split through their respective emitter-coupled pairs (at their
collectors) depending on the relative bias voltages on the
emitter-coupled transistors. Since the collectors of U100C
and U100E are cross-coupled to the opposite side of the
amplifier, the out-of-phase signal currents through them are
summed with the normal signal currents, reducing the ampli-
tude of the output signal. Advancing the CH 1 VAR control
further from detent further reduces signal amplitude.

These summed signal currents are level-shifted by Q144
and Q156 and applied to a transistor gain switch. Depend-
ing on the front-panel settings detected by the Micro-

. processor, one of the gain control lines (CH1 + 1, CH1 = 2,

or CH1 = 4) will be pulled HI. The HI signal turns on two
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switching transistors, one in each leg of the amplifier, and
injects the signal currents into the gain-setting network
composed of R160A-G.

The drive signals resulting at the bases of Q190 and
Q230 depend on the Thevenin input impedance at the point
of signal injection and the voltage divider from that point to
the bases of the output transistors. Figure 3-2 illustrates the
various signal attenuation schemes. Since the signal cur-
rents in the two legs oppose each other, the midpoint of
R160D may be thought of as a virtual signal ground when
calculating the Thevenin's input impedance for the current
signal. As shown in the figure, the resulting signals have
relative attenuation ratios of 1, 2, and 4.

The resulting voltage signals across R160A and R160G
drive the bases of output transistors Q190 and Q230 re-
spectively. These transistors produce voltage gain and drive
the Vertical Channel Switch stage (diagram 6). The RC net-
work between the emitters of Q190 and Q230 provides fre-
quency compensation for the preampilifier.

The voltage from the CH 1 POSITION control is buffered
by U220A and provides a variable current that is summed
with the bias current of Q230 (via R220). This variable cur-
rent shifts the dc levels at the outputs and allows the oper-
ator to vertically position the trace on the crt. The CH 1
POSITION CENTER adjustment R164 provides a similar
bias current to the base of Q190 and is set to center the
trace on the crt (with the position control at midrange).

Transistors U160D, U170D, and their associated compo-
nents comprise a trigger-pickoff amplifier that buffers the
CH 1 signal to the trigger circuit. When the X-Y mode is
used, the pickoff signal is applied to the horizontal amplifier
to provide the horizontal deflection signal. The X-Y POSI-
TION control R217 is set at the time of calibration and pro-
vides an offset current used to horizontally center X-Y
displays.

CH 2 Preamp

The CH 2 Preamp is nearly identical to the CH 1 Preamp
described above, the major difference being that the
paraphase input section may be switched to produce either
normal or inverted outputs. The two signals, CH 2 NORM
and CH 2 INVERT, from the Preamp Control Register deter-
mine the preamplifier's operating mode.

The CH 2 VAR level from the front panel is connected
through one (but not both) of these control lines. When con-
nected to the CH 2 NORM line, the amplifier's configuration
is identical to that for CH 1 and operates in the same
manner.
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When the variable voltage is connected to the CH 2
VERT line, the opposite side of the emitter-coupled pairs is
biased more positively. These transistors’ outputs now have
the dominant effect in determining signal polarity. The other
circuit operations remain the same.

VERTICAL SWITCHING AND OUTPUT
AMPLIFIER

The Vertical Channel Switch (diagram 6) selects the verti-
cal signal source, while the Vertical Output Amplifier raises
the selected signal to the levels required to drive the vertical
deflection plates of the crt. The Storage Channel Switch is
used to select the stored waveform and readout data for
deflection of the crt beam.

Vertical Channel Switch

The Vertical Channel Switch consists of three nearly
identical transistor switches used to select the CH 1, CH 2,
or Trigger View signals for amplification. Since the switches
are so similar, only the Trigger View switch circuitry will be
explained.

The input signals applied to the bases of U740B and
U740E cause proportional currents to be drawn through the
resistive network at their emitters. These varying currents
are applied to the emitter-coupled pairs at their collectors
and are routed through whichever transistor is turned on.
The bases of U740F and U740D are held at +1 V by the
resistive divider R766-R768. If the Trigger View Sel signal is
LO (trigger view deselected), the bases of U740A and
U740C are lower than those of U740F and U740D, so
U740F and U740D are the transistors that are turned on.
The two currents are summed together and cancel each
other (nearly). Any remaining current signal is eliminated by
injecting the current into both legs of the output ampilifier via
R734 and R736.

When selection of the Trigger View signal is desired, the
Vertical Mode Control (diagram 17) sets the Trigger View
Sel line HI. This turns U740A and U740C on instead of
U740F and U740D. The signal currents now pass through
U740A and U740C and are applied to the inputs of the Out-
put Amplifier (bases of Q800 and Q820 respectively).

Variable capacitor C744, along with resistor R746, pro-
vides frequency compensation of the input signal. These
components are not present in the CH 1 and CH 2 switches.
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Vertical Output Amplifier

The Vertical Output Amplifier raises the selected signal
from the Vertical Channel Switch to the proper level for driv-
ing the vertical deflection plates of the crt.

The out-of-phase signals from the Vertical Channel
Switch are applied to the bases of Q800 and Q820. These
signals are inverted and applied to emitter-followers Q830
and Q840, which drive the delay line. Frequency compensa-
tion is provided by the RC network between the emitters of
Q800 and Q820. Diodes CR834 and CR836 limit the ampli-
tude of differential drive signals to the delay line.

The differential signal to the rest of the output ampilifier is
delayed by the delay line to allow viewing the trigger event
on the crt.

Transistors Q60, Q70, Q90 and Q94 form a frequency-
compensated gain stage that may be turned on or off by the
Storage Channel Switch. This allows either the real-time
signals or stored waveform and readout signals to control
the vertical deflection of the crt beam. For display of real-
time signals, diode CR74 is reverse biased, and proper emit-
ter bias for Q60 and Q70 is established. The differential sig-
nals applied at their bases are amplified by a factor
determined by the setting of R74 and are applied to the
bases of transistors Q90 and Q94. The current outputs at
the collectors of Q90 and Q94 are applied to the emitters of
Q100 and Q110 respectively. The RC network between the
collectors of Q90 and Q94 and the emitters of Q60 and Q70
provide frequency compensation of the stage.

If the real-time display is to be disabled for display of
stored waveforms or readout data, transistors Q60 and Q70
are reverse biased by pulling their emitters HI via CR74,
R64, and R66. This also reverse biases Q90 and Q94 and
the real-time signal path is closed. The stored waveform or
readout signals are applied to the following amplifier stage
instead of the real-time signals, as explained in the Storage
Channel Switch description.

The selected vertical deflection signals are applied to the
feedback amplifier made up of Q100, Q110, Q140, Q152,
and their associated components. The stage has a current
gain of approximately 5, as determined by R140, R150, and
R152.

Transistors Q142 and Q154 convert the differential cur-
rent signals to deflection voltages for driving the crt’s verti-
cal deflection plates.
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Storage Channel Switch

The Storage Channel Switch consists of Q56, Q102,
Q108, Q112, and their associated components. This switch
is used to disable the real-time signal path and inject the
storage deflection signal into the vertical deflection system.

The switching action is performed by emitter-coupled
pair Q56-Q112. The base of Q112 is biased around +2.5V
by R79 and R81. Resistor R56 modifies the bias point by
adding hysteresis current to the node, so actual bias at the
base is either +2 volts or +3 volts, depending on the level
of the REAL signal from diagram 17. With the REAL signal
HI, the base of Q56 is above the +3 volt bias level on the
base of Q112. This turns Q56 off and Q112 on. With Q56
off, diode CR74 in the Vertical Output Amp is reverse biased
and the real-time signal is passed through the amplifier in
the normal manner. Since Q112 is on, the emitters of Q108
and Q102 are puiled HI, turning the STORAGE signal path
off.

When the STORAGE information is to be displayed, the
REAL signal goes LO. This turns Q56 on and Q112 off. With
Q56 on, the emitters of Q60 and Q70 in the Vertical Output
Amp are pulled HI via CR74, R64 and R66, reverse biasing
the transistors. This reverse biases Q90 and Q94, causing
them to go to high-impedance states.

Since Q112 is off, bias current for Q102 and Q108 is now
supplied through R112, R104, and R108. These transistors
form a paraphase amplifier and split the signal applied to the
base of Q108 into two out-of-phase signals. These are ap-
plied to the output stage of the Vertical Output Amplifier
from the coliectors of Q102 and Q108. The Storage Wfm
Position adjustment, R126, slightly varies the offset volt-
ages and vertically positions the storage waveforms and
readout displays on the crt.

Acquisition Pickoff

The Acquisition Pickoff stage consists of two emitter-
follower transistors that buffer the differential signal volt-
ages to the Acquisition circuitry (diagram 12). Pickoff is
done prior to the delay line so the acquisition window will be
directly related to the trigger event. Further information is
given in the Acquisition descriptions.

TRIGGER SELECT <

The Trigger Select circuit (diagram 7) allows the
Miroprocessor to set the trigger source and trigger coupling
modes. Data from the Microprocessor defining the trigger
setup conditions is written to a control register that closes
or opens various relays and analog switches to select the
desired trigger.
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Trigger Data Register

The Trigger Data Register consists of two 8-bit latches,
U600 and U620. The trigger-control data from the DDO data
line is written to the desired control outputs when enabled
by the Address Decoder. The three address bits DAO, DA1,
and DA2 select one of the eight outputs of each IC, while
the Address Decoder generates the IC enables that write
the data to the latched output. The latched output bits are
the levels that control trigger source and trigger coupling
selection.

Internal Source

The Internal Source stage consists of three similar chan-
nel switches and an output buffer that has the ability to
select either CH 1, CH 2, or LINE as the internal trigger
source. The three switches are similar enough that only the
CH 1 switch wili be described.

In order to select one of the three internal trigger
sources, the corresponding select bit from the Trigger Data
Register is set LO while the other two bits are set HI. With
the CH 1 select bit set LO, Q30 becomes forward biased
and bias current for the differential amplifier Q10-Q20 is
supplied from current source Q32. The differential CH 1 sig-
nal applied to the bases of Q10 and Q20 is converted to a
single-ended signal at the collector of Q20. The signal level
is raised a diode drop by CR96 to compensate for the base-
emitter drop of emitter-follower Q100. This buffered output
is applied to the Trigger Coupling stage and provides the
trigger signal when internal source is selected. Operation of
the Line Trigger switch Q80-Q90 is similar except that it has
a single-ended input. Capacitor C74 couples the higher-
frequency components of the frequency-modulated pulse
train from the Line Trigger circuit (see that description) to
the base of Q80 so that they may be common-mode re-
jected from the resulting output signal. Since only minimal
coupling occurs at the line signal frequency, this signal will
be amplified, resulting in a clean line trigger signal.

External Source

The External Source stage allows sweep triggering on a
signal applied to the EXT TRIG bnc input connector. Selec-
tion of the external source is done by closing relay contacts
under control of the Trigger Data Register.

The external trigger signal is applied to the EXT TRIG
input J108 on the instrument side panel. The adjustable RC
network provides frequency compensation of the signal. De-
pending on whether the unattenuated EXT signal or the EXT
+ 10 signal should be the trigger source, either S100 or
both S110 and S$120 will be closed respectively. With S100
closed, the unattenuated trigger signal is applied to the Trig-
ger Coupling stage. With both $110 and S120 closed, the
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trigger signal is attenuated by a factor of 10 by the network
between the relay contacts before application to the Trigger
Coupling stage.

Trigger Coupling

The Trigger Coupling stage consists of U640, U650,
Q160, Q170, the various switching relays, and their associ-
ated components and sets the coupling mode of the se-
lected trigger signal.

Buffer U640 inverts and buffers the control signals from
the Trigger Data Register to the current levels required to
drive the various switching relays. A LO output from U640
will close the associated relay contact.

Closing relay contact S150 provides dc coupling of the
selected trigger signal by bypassing the ac-coupling capac-
itor C150. With the contact open, the selected trigger signal
is ac coupled via the capacitor.

The LF REJ and HF REJ functions are mutually-
exclusive; i.e., only one of them may be active at any time.
In order to use the LF REJ function, relay contact S160 will
be open (LF REJ signal HI) and S170 will be ciosed (HF REJ
signal LO). At the same time, the select signals to U650A
and U650B turn transistors Q160 and Q170 on and off re-
spectively. This places a high-pass (If reject) filter (C160 and
R160) in the trigger signal path and limits the low-frequency
response of the trigger signal.

Selecting HF REJ coupling closes relay contact S160 (LF
REJ is LO) and opens S170. At the same time, the select
signals to U650A and U650B turn transistors Q160 and
Q170 off and on respectively. This configuration bypasses
C160 and places a low-pass (hf reject) filter (C170) in the
signal path.

Trigger Buffer

The Trigger Buffer stage consists of FET source-follower
Q180A and Q180B and an emitter-foliower, Q190. The
stage provides a high input impedance to the trigger signal
and a low output impedance to drive the trigger-peak detec-
tor on diagram 8. Diode CR182 provides level shifting to
offset the level shift through the base-emitter junction of
Q190. Diode CR180 prevents the trigger signal input from
overdriving the buffer in the negative direction (buffer con-
figuration limits the positive swing), preventing component
damage.
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A AND B TRIGGERS AND TV SYNC
SEPARATOR

The A and B Trigger circuits (diagram 8) generate trigger
signals to the sweep control circuitry (diagram 9) to initiate
sweeps when the proper triggering criteria is met and allow
the operator to select triggering levels. The TV Sync Sepa-
rator circuit separates the horizontal and vertical sync
pulses from a composite video signal, allowing measure-
ments to be made in those time domains.

Peak Detector

The Peak Detector U480 continuously monitors the trig-
ger signal at its input (pin 7) and stores the dc levels of the
signal peaks. These levels are output at pins 2 and 5 to the
A and B Trigger Level circuits.

A and B Trigger Level

The A and B Trigger Level circuits set the associated
triggering levels, depending on the settings of the front-
panel A and B TRIG LEVEL controls. The circuits automati-
cally set trigger slopes, depending on the controls’
positions. The A and B Trigger Level circuits are nearly iden-
tical; therefore, only the A Trigger Level circuit will be
described.

The front-panel A TRIG LEVEL control operates in two
different modes, depending on whether the AUTO TRIG-
GER MODE is active or not. When the AUTO mode is in
use, the detected peak values of the trigger signal are
routed from the Peak Detector through the analog switches
U400B and U400C to the buffers U420A and U420B. These
resulting buffered peak levels are applied to either end of the
A and B TRIG LEVEL controls (R480 and R490 on diagram
3) through R402 and R404. This limits the control range of
the TRIG LEVEL controls between the positive and negative
peak values of the trigger signal and the display is always
automatically triggered.

When in NORM TRIGGER MODE, the AUTO select line
to U400B and U400C is LO. This deselects the Peak Detec-
tor outputs and applies two fixed voltages to buffers U420A
and U420B. The buffered output levels are applied to the
TRIG LEVEL controls, which now operate between these
fixed levels.

The variable level from the A TRIG LEVEL control is ap-
plied to U440B configured as a rectifier. Figure 3-3 illus-
trates the rectifying action of the stage.
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Figure 3-3. Rectifying action of Trigger Level Circuit.

The noninverting input of U440B is referenced to the
level at the midpoint of the A TRIG LEVEL control by resis-
tive divider R420C-R420D. With the control set clockwise
from center, an input level positive with respect to this refer-
ence is applied to the inverting input, pin 6 of U440B. As
long as the input is positive with respect to the reference,
the operational amplifier acts as an inverting buffer and the
output voltage complements the input voltage (both levels
with respect to pin 5).

As the A TRIG LEVEL control moves counterclockwise
through its center position, diode CR432 becomes reverse
biased and U440B acts as a comparator. Output pin 7 goes
HI, signaling the A Trigger Generator that the A Trigger
Slope has changed. With CR432 reverse biased, the voltage
from the A TRIG LEVEL control is applied directly to the
following buffer stage through R430D and R430C.

Operational amplifier U460B and its associated compo-
nents comprise a X2 buffer that converts the half-scale rec-
tified control position information to cover the full range of
the control.

A and B Trigger Level Comparators

The A and B Trigger Level Comparators compare the
level of the input trigger signal to the levels set by their
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Trigger Level circuits and generate transitions at the cross-
ing points. The A and B Trigger Level Comparators are iden-
tical, therefore only the A Trigger Level Comparator will be
described.

Transistor Q244 is an adjustable constant-current source
for the emitter-coupled comparator transistors Q240 and
Q242. The input trigger signal is applied to the base of Q240
via R240A and is compared to the reference trigger level
applied to the base of Q242. As the trigger signal goes more
positive than the reference level, Q240 will turn on and Q242
will be turned off. The Trigger Crossing signal to U490A of
the A Trigger Generator is pulled HI through R244 and
CR242, indicating a positive-going crossing. As the trigger
signal crosses the reference level going negative, transistor
Q242 is turned off and Q240 turns on, pulling the Trigger
Crossing signal LO.

A and B Trigger Generators

The A and B Trigger Generators generate the trigger sig-
nals to the Sweep Control logic (diagram 9) and provide the
logic necessary to allow sweep triggering on either slope of
the trigger signal. Since the A and B Trigger Generators are
identical, only the A Trigger Generator will be explained.
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The Trigger Crossing signal applied to U490A is inverted
and applied to U494B via R480 and R494. Resistor R492

- provides positive feedback around U494B and, along with

R494, widens the switching window of U494B to eliminate
false triggers associated with noise on the trigger signal.
Adjusting R480 sets the trigger sensitivity.

The A Trigger Slope signal input to U494A determines
whether sweep triggering will occur on the positive or nega-
tive crossing of the trigger signal. Changing the level of the
A Trigger Slope line from LO to HI causes U494A to act as
an inverter instead of a buffer. Since the A Gate Generator
(diagram 9) responds to positive-going transitions, the sig-
nal inversion will switch the triggering point from the nega-
tive crossing point to the positive crossing point (negative
slope to positive slope).

Gate U490A disables the normal triggering path through
the gate when the TV ENABLE signal applied to pin 5 goes
HI. This disabling allows the TV Trigger circuit to generate
triggers via the output from U490D.

TV Trigger

When enabled, the TV Trigger stage will separate the
horizontal and vertical sync pulses from a composite video
signal for use as triggers.

With the TV ENABLE signal applied to pin 9 of U650C
LO, the anodes of CR200 and CR216 are pulled HI through
R620E. This pulls input pin 6 of U200A HI through CR200
and forces its output at pin 2 to a constant LO. Diode
CR216 pulls the noninverting input of U200B HI (this is a
current input, not voltage) and also forces its output HI. This
is applied to U490C and U490D to disable their outputs.
This is the disabled condition and does not allow any input
signals to pass through the circuit.

With the TV ENABLE signal HI, —5 volts is applied to the
anodes of CR200 and CR216, reverse biasing them. Input
signals are ac coupled to U200A through C202. The stage
provides a gain of approximately 10, and its ac-centered
output is ac coupled to the following current amplifier.

Currents into pins 9 and 10 of U200B must be equal for
the output of this amplifier to be stable. With CR216 reverse
biased (TV Trigger enabled), the input reference current is
established by R216. The current to the other input is pro-
vided via R212 and R214, however, by themselves, these
resistors would source excessive current, forcing the output
LO. A portion of the current is sinked through CR210 to the
output until a balance is achieved.
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When a signal is applied to the amplifier via R210, current
is added to or subtracted from the node at the anode of
CR210. In order to maintain the current balance at the in-
puts of U200B, the output voltage at pin 14 will move to
change the current sourced to the node via R212. The re-
sulting output voltages across R224 and R226 contain the
horizontal and vertical sync components of the composite
video signals.

Analog switch U400A is used to select either the vertical
or horizontal sync pulse for A triggering and is selected by
the V/H (vertical/horizontal) select signal from the Trigger
Data Register on diagram 7.

SWEEP CONTROL <&

The Sweep Control circuit (diagram 9) generates the A
and B GATE signals to initiate sweeps, depending on con-
trol levels set by the Microprocessor and several interactive
sweep-dependent signals.

Sweep Control

The majority of sweep control functions are performed by
the specialized sweep control IC, U200. These functions in-
clude sweep enabling/disabling, holdoff control, and auto
trigger generation.

Control signals from the Sweep Control Latch (diagram
10) are set by the microprocessor to determine sweep oper-
ation. The sweep lockout signal (at pin 18) when HI disables
all sweep functions by setting U200’'s SWEEP DISABLE
output HI. This reverse biases U240D and holds the AGATE
output of U680 HI. When the lockout signal is LO, the
sweep mode is dependent on which of the mode control
inputs is asserted (SINGLE SWEEP or AUTO). With neither
of these controls asserted, triggering mode will be normal.

In the SINGLE MODE, a single trace is displayed when
the predefined triggering conditions are met. The RESET
START pin resets the single sweep function and the RESET
READY line tells the microprocessor when the single sweep
function is ready (so the processor can set the indicator
LED).

AUTO TRIGGER MODE mode freeruns the sweep in the
absence of a sweep trigger and allows the baseline trace to
be displayed. Each sweep, when triggered, produces an
AGATE signal to pin 2. When AGATE is detected, the
AUTO RC capacitor at pin 6 is discharged. If a normal
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sweep trigger doesn’t occur within approximately 100 ms,
the capacitor C200 charges above the input threshold level
through R200 to generate an automatic trigger at the (—)TD
AUTO output. This auto trigger causes the sweep to run,
even through a trigger event did not occur, and discharges
the capacitor. The cycle will repeat itself, continually gener-
ating sweeps, until normal triggers resume.

In the NORM Trigger MODE, the auto rc does not affect
circuit operation and sweeps will only occur when proper
trigger events are present.

Emitter-coupled transistor pair U600C-U600D detects
the end of each A Sweep and, initiates a delay period be-
tween sweeps known as holdoff. Holdoff provides for
sweep retrace and, when Variable Holdoff times are used,
allows stable display of some types of irregular waveforms.
Once initiated by the HOLDOFF START signal at pin 16 of
U200, the trigger gates are disabled by setting the SWEEP
DISABLE signal at pin 17 HI until the HOLDOFF RC input
signal charges through the preset threshold level. The
HOLDOFF RC timing is explained in the following
description.

Holdoff

The Holdoff circuit provides selectable rc timing elements
for timing the length of the holdoff period, depending on
sweep rate and setting of the front-panel VAR HOLDOFF
control.

With the VAR HOLDOFF control in its detented position,
the microprocessor will set the control bit to pin 11 of
U300C LO, applying a ground level to the bias divider for
Q300. This configures Q300 as a constant current source,
current depending on microprocessor selection of either
R300 or R302 (via U300A). This constant-current linearly
charges the selected holdoff capacitor(s) to the detection
level required at pin 8 of U200 and signals the end of the
holdoff period. Capacitor C270 is always selected while
U240A and U240B are used to select C274 and C272 re-
spectively, depending on microprocessor control data. Once
the holdoff period ends, the next trigger event will initiate a
sweep and the selected holdoff capacitors will be dis-
charged. The capacitors are held in their discharged state
until the end of sweep is detected by U600A and U600C,
then the charging begins again to time the next holdoff
period.

With the VAR HOLDOFF control out of detent, the Micro-
processor will set the select level to pin 11 of U300C HI (via
the Sweep Control Latch). This connects the output of in-
verting-amplifier U320A to the bias network of current
source Q300. Depending on the position of the front-panel
control, the voltage at the output of U320A will vary be-

3-20

tween 0 V and +6 V and will vary the charging current (and
thus charging time) through Q300.

A Gate Generator

The A Gate Generator produces the A sweep gate used
to initiate the A sweep ramp. If the SWEEP DISABLE out-
put from pin 17 of U200 is Hi, a HI will be applied to the set
input (pin 5) of U680. This disables the A GATE signal by
holding the Q output HI (and the Q output LO) and prevents
sweeps from occurring.

With pin 5 of U680 LO, the Q and Q outputs will toggle
when a trigger is applied to the input at pin 6. When the
trigger occurs, the AGATE output at pin 3 goes HI and the
AGATE output at pin 2 goes LO. The LO AGATE level for-
ward biases CR680 and turns Q600 on. With Q600 on, input
pin 6 of U680 is held HI, ensuring that subsequent trigger
events do not cause noise on the gate outputs. When the
Sweep Control IC, U200, detects the end of sweep, the gate
signals will be reset via the SWEEP DISABLE signal applied
to pin 5 of U680 via U240D.

Transistor U620D and its associated components set the
bias voltage on the base of Q432 at about + 3.8 volts. The
positive-going AGATE output from pin 3 of U680 is applied
to the base of Q430 and is compared to this level. The A
SWP GATE signal at the collector of Q432 foliows the A
GATE signal.

Transistor U240C allows the AUTO TRIG output from
pin 4 of U200 to generate sweep gates when no other trig-
gers are present. When the Sweep Control IC, U200, deter-
mines that normal triggering has not occurred within
approximately 100 ms, it will set its AUTO TRIG output ap-
plied to the base of U240C HI. This turns the transistor on
and pulls the base of Q430 HI, generating a sweep gate
pulse to initiate a sweep.

B Gate Generator

The B Gate Generator, in conjunction with the Delay
Comparator, produces the gates for B Triggered After Delay
and B Run After Delay displays. These modes are mutually
exclusive; i.e., only one mode may be active at any time.

Depending on which mode is to be used, either the
TRIG AFT DLY or the RUN AFT DLY control lines to U640
will be set LO by the Microprocessor (or both HI to disable
both functions for A sweeps). Whichever line is set LO will
enable the Delay signal to clock the related flip-flop within
U640 from its set state. Clocking U640B with the DELAY
signal starts the RUN AFT DLY GATE and initiates the B
sweep ramp. Transistor comparator U620A and U620B de-



tects the end of the B SWP ramp (at approximately +2.3
volts as set by R610 and R612) and sets the flip-flop once
again. Setting the flip-flop terminates the RUN AFT DLY
GATE.

Setting the TRIG AFT DLY line LO allows the DELAY
signal from the Deilay Comparator to clock flip-flop U640A
from its set state and produces a LO enable signal to pin 12
of U680. This enables U680B to toggle and, on the next
B TRIGGER pulse, a TRIG AFT DLY GATE is initiated. The
B SWP ramp runs until transistors U620A and U6208B de-
tect that the sweep should end, setting the END B signal HI.
This terminates the TRIG AFT DLY GATE.

The RUN AFT DLY GATE and TRIG AFT DLY GATES
connect directly to the base of Q530. This transistor is emit-
ter coupled to Q532 with its base biased at approximately
+3.8 volts. These two transistors act as a switch that
produce the SWP GATE signal.

Delay Comparator

The Delay Comparator generates the DELAY signal used
for the TRIG AFT DLY and RUN AFT DLY modes. These
modes generate B sweeps relative to the beginning of the
A SWP ramp by detecting when the A sweep ramp crosses
a user-definable threshold voltage.

Transistors U620E (configured as a diode) and U600E
form a constant-current source for the voltage comparator
U600A-UB00B. The A SWP ramp voltage is applied to the
base of UB00OA via R630 and is compared to the user-
definable voltage applied to the base of U600B via R608.
Resistor R626 provides switching hysteresis and ensures
that the DELAY signal will be stable once set HI, in spite of
any noise that may be present either on the A SWP ramp or
the delay reference voltage. Transistor U620C is configured
as an emitter follower and buffers the DELAY clock to the B
Gate Generator.

A AND B SWEEP GENERATORS ¢

The A and B Sweep Generators (diagram 10) produce
the linear sweep ramps used to sweep the crt beam hori-
zontally across the face of the crt. The ramps are generated
by charging a selected timing capacitor with a constant cur-
rent source. The resultant ramp is buffered to the horizontal
preamp for amplification.
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Sweep Control Latch

The Sweep Control Latch consists of U120 and U140
and stores the control data from the microprocessor used to
set up the horizontal sweep modes. The TTL outputs drive
transistor switches that select timing capacitors (for ramp
timing and holdoff timing), sweep mode (single sweep, nor-
mal, B runs after delay, auto trigger, and sweep lockout),
sweep holdoff charging resistors and sweep and holdoff
variable controls.

Setup data from the Microprocessor is written from the
DDO line to the addressed output (see Table 3-1) on the
falling edge of the enable to either U120 or U140. When the
enable line returns HI, the data is latched at the output,
holding the setup condition until once again changed by the
Microprocessor.

Timing Current Latch

The Timing Current Latch consists of U100 and operates
similarly to U120 and U140 of the Sweep Control stage. The
latched outputs control timing current selection for the A
and B sweeps as described in the A and B Current Source
descriptions.

A and B Current Sources

The A and B Current Sources provide the selectable con-
stant currents used to generate their respective sweep
ramps. In addition, circuitry in the A Current Source stage
provides for variable sweep rates by varying the bias volt-
age on the current source transistor, varying the charge rate
of the selected timing capacitors. With the exception of this
variable current feature, the A and B Current Sources are
identical; therefore, only the A Current Source will be
described.

Timing current selection data from the Timing Current
Latch is applied to the select inputs of analog switches
U400 and U410. This selection data connects one of the
precision timing resistors within R400 to the emitter of Q422
through switch U400. At the same time, the voitage devel-
oped across the resistor is connected to the inverting input
of U420 via switch U410 and R450A. Transistor Q422 will
become forward biased and will conduct the amount of cur-
rent necessary to bring the inverting input of U420A to the
level present on its noninverting input.

The normal timing currents are adjusted at the time of
calibration by setting the A TIMING adjustment R424 to the
ievel that matches the charging current through Q422 to the
charging characteristics of the timing caps. Once set, selec-
tion of any of the timing resistors provides a charging cur-
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rent in precise proportion to any of the others, since the
voltage developed across the resistor (sensed by U420A) is
the controlling parameter.

Since there is always some finite impedance through the
switches in U400, a voltage drop will develop through the
switch. Voltage sensing by U420A is done through U410 (a
low-current path) instead of at the emitter of Q422. This
compensates for any voltage drop through switch U400 due
to the internal resistance and keeps each timing current pre-
cisely proportional to the others.

By asserting the VAR SWP SELECT applied to pin 10 of
U3008B, the variable timing voltage from U320B sets the
current through the timing resistor. Since moving the front-
panel VAR TIMING control varies this voltage, the timing
current (and thus sweep rate) varies directly with the con-
trol's position.

A and B Timing Capacitor Selection

The timing capacitors are selected by the latched setup
data from U120 of the Sweep Control Latch. The A and B
Timing Capacitor Selection stages are identical and each
contains two switching transistors. For the highest sweep
speeds, the control bits to each stage are both LO, reverse
biasing the selection transistors. This causes all charging
current to be directed to the 62 pF capacitor paralieled by
the 2.5 pF-—-20.5 pF trimmer capacitor. For lower sweep
speeds, the 0.1 uF and 1 uF capacitors are placed in parallel
with these smaller capacitors by applying a HI to the base of
the appropriate transistor switch.

A and B Ramp Followers

The A and B Ramp Followers are nearly identical; there-
fore, only the A Ramp Follower will be described.

The linear ramp generated by charging the selected tim-
ing capacitor(s) with the selected current source is applied
to the gate of source follower Q450 through resistor R423.
The FET provides a high-impedance input and prevents cur-
rent from being drawn from the charging node. Transistor
Q452 is configured as a current source for the source
follower.

The output of the source follower is applied to the base
of emitter-follower Q480. The output of the follower is the
current-buffered A SWP signal and is used to drive the Hori-
zontal Preamp (when selected by the Horizontal Select
stage on diagram 11). The EOS DETECT signal from the
junction of R480 and R482 is applied to a comparator circuit
on diagram 9 and is used to detect the end of the sweep
(ramp has reached its positive limit).
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A and B Current Switches

The A and B Current Switches enable and disable the
charging sweep ramps under control of their associated
sweep gate signals (from the sweep control circuits on dia-
gram 9). The A and B Current Switches are identicai; there-
fore, only the A Current Switch will be described.

With no sweep gate present, the base of Q484 will be
lower than that of Q482. This turns Q484 off and Q482 on,
discharging the selected capacitors through R492, Q482
and R488. The capacitors will be discharged until the output
of the A Ramp Follower (applied to the base of Q492 in the
A Baseline Stabilizer stage) reaches 0 volts. When this oc-
curs, the output of A Baseline Stabilizer will go positive and
will start to turn off Q482 by pulling its emitter positive. This
transistor will turn off until it sinks precisely the same
amount of current from the charging node as that being put
into the node by the A Current Source. This is the discharge
half of the ramp cycle and holds the ramp’s output level at
precisely 0 volts (discharged).

When the sweep control logic initiates a sweep, the
A SWP GATE signal applied to the base of Q484 through
R494 turns Q484 on and Q482 off. With Q482 off, the
charging node charges positive in a linear fashion until the
A SWP GATE signal is removed. The Sweep Control logic
on diagram 9 monitors the sweep ramp and determines
when the sweep gate should be removed.

A and B Baseline Stabilizers

The A and B Baseline Stabilizer circuits detect when the
discharging sweep ramps reach 0 volts and hold the ramp
outputs at that level until the next sweep gate initiates the
next ramp. The two circuits are identical; therefore, only the
A Baseline Stabilizer will be described.

Transistors Q490 and Q492 are configured as an
emitter-coupled comparator referenced at 0 volt by the base
of Q490. As long as the sweep ramp applied to the base of
Q492 is more positive than this 0 volt reference level, tran-
sistor Q492 is reverse biased and has no effect on the oper-
ation of the A Current Switch.

When the A SWP GATE applied to Q484 of the A Cur-
rent Switch goes LO, Q482 turns on and begins discharging
the charging node through R492. As the discharging output
level of the A SWP ramp approaches 0 volt, transistor Q492
begins to turn on. This pulls the emitter of Q482 positive and
begins to turn off that transistor. With an output level of
precisely O volt, transistor Q482 will be sinking exactly the
same amount of current from the charging node as that be-
ing injected into the node by the A Current Source. This is
the balanced condition, and the output will remain at 0 volt
until the next A SWP GATE initiates the next ramp cycle.




HORIZONTAL PREAMP AND OUTPUT
AMPLIFIER

The Horizontal Preamp and Output Ampilifier (diagram
11) selects the source of the horizontal deflection signai and
amplifies it to the levels necessary to drive the horizontal
deflection plates of the crt.

Horizontal Select

The Horizontal Select stage consists primarily of analog
switch U200. One of the four input signals is routed to the
output and applied to the Horizontal Preamp, depending on
which of the select inputs is asserted (HI).

The select input signals are controlled by the Horizontal
Mode Control and Unblanking Logic circuits on diagram 17.
When selected, the A SWP and B SWP signals provide nor-
mal sweep ramp deflection of the crt beam. The XY SIGNAL
is a single-ended version of the CH1 signal and allows XY
displays of CH1 against CH2. The horizontal gain for the X-
Y mode is adjusted with XY GAIN pot R220. The horizontal
deflection signals for storage displays come from the
STORAGE X-AXIS input line. Resistor R202 and capacitor
C206 provide smoothing of the storage deflection signal.

Horizontal Preamp

The Horizontal Preamp provides amplification of the se-
lected horizontal signal, allows horizontal positioning of the
display, provides for X10 MAG sweeps, and provides for
injection of the horizontal readout signal.

The selected horizontal signal is applied to the base of
U270A and the HORIZONTAL POSITION level is applied to
the base of U270B via analog switch U220B and buffer
U120A. Transistors U270A and U270B are configured as an
emitter-coupled, paraphase amplifier with U270E acting as
the constant-current emitter source. The analog signal at
the base of U270A appears as out-of-phase signals at the
collectors of U270A and U270B, as does the horizontal po-
sitioning level applied to the base of U270B. The horizontal
positioning level will be disabled (switched to ground) by the
X-Y ENABLE signal for X-Y displays.

For normal horizontal dispiays, the RO BLANK (readout
blank) signal applied to the base of U280B through R290
will be LO, indicating that the readout is inactive. This dis-
ables the readout signal path by removing emitter bias from
U280C and U280D through U280B and U280E. The emitter
bias for U270C and U270D is provided via U280A and
U280E, and the normal signal path is opened.
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Gain of the stage is determined by the resistors between
the emitters of U270C and U270D and those resistors in
their collector circuits. Asserting the MAG signal closes re-
lay K270 and places resistors R266 and R268 in parallel
with the normal gain-setting resistors R260-R258. X10
GAIN adjustment R266 is set to increase the horizontal gain
by precisely 10 with the relay closed. The paraphase out-
puts at the collectors of U270C and U270D are applied to
the Horizontal Output Amplifier.

To enable the readout signal path, the RO BLANK signal
applied to the base of U280B is set Hl, indicating that the
readout is active. This provides emitter bias for transistors
U280C and U280D via U280B and also turns U280A off by
pulling its emitter positive (through the base-emitter junction
of U280B). With U280A off, bias current for U270C and
U270D is removed and the transistors are turned off. This
closes the normal signal path and, at the same time, the
readout path is opened.

The horizontal readout signal ROX is applied to the base
of U280C through resistive divider R281-R283. Transistors
U280C and U280D are configured as a paraphase amplifier
and convert the single-ended readout signal to two comple-
mentary signals at their collectors. Gain of the stage is set
with the RO GAIN adjustment R284 in the resistive network
between the transistors’ emitters. Adjusting the RO POSI-
TION adjustment R280 varies the bias voltage at the base
of U280D. This voltage change is also ampiified as a
paraphase signal and shifts the quiescent operating points
of both outputs (and thus the horizontal position of the crt
readout display).

Horizontal Output Amplifier

The Horizontal Output Amplifier converts the current sig-
nal from the Horizontal Preamp stage to the deflection volt-
ages required to drive the horizontal deflection plates of the
crt. Since the signals driving the amplifier are symmetrical
and the amplifier configuration is symmetrical, only one of
the symmetrical halves will be described.

The bias network composed of CR100-R106 sets the
base of Q100 at a level one diode drop below +5 volts. This
sets the emitter of Q100 at +5 volts (one diode drop up)
and forces the output of preamplifier transistor (either
U270D or U280D) to operate in current mode; i.e., the out-
put from the preamplifier will sink varying amounts of cur-
rent away from the emitter of Q100 but the emitter voltage
of Q100 will not vary.

The output stage, made up of Q120, Q140, and Q160,
uses a self-biasing configuration that supplies bias current
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to Q120 through R130. The quiescent current through Q100
will develop a voltage across R100 but, by itself, will not
allow the base-emitter junction of Q120 to become forward
biased, since diode CR106 and R100 are pulling it down.
This forces the output voltage at the collector of Q140 posi-
tive to a level that supplies enough current through R130
and CR106 to increase the voltage drop across R100 to the
level that allows Q120 to turn on (0 volt at the cathode of
CR106). This is the balanced condition and is the biasing
point of the output stage.

The changing signal currents through Q100 will tend to
vary the current in R100. This slightly varies the base drive
of Q120, and the output voltage at the collector of Q140
moves to compensate for the base current change. Since
the voltage drop across R100 must stay constant to main-
tain proper biasing, and due to the phasing relationships in
the output stage, a current change will occur in R130 to
make up for the varying signal current. The current change
in R130 is passed through CR106 and on to R100, holding
the overall voltage drop across the resistor constant; thus
maintaining proper bias of the stage.

Transistor Q160, zener diode VR260, and resistor R264
form a constant-current source for the output stage.
Schottky diodes CR120 and CR220 prevent excessive sig-
nal differences from occurring.

Mag Registration adjustment R200, in the other half of
the output stage, is used to “register” the magnified sweep
so that the center division of a normal display will cover the
10 graticule divisions when the front-panel X10 MAG button
is pressed.

ACQUISITION >

The Acquisition circuit (diagram 12) samples the selected
analog signal and converts each sampled point to an 8-bit
digital representation for convenient storage.

Dual Peak Detector

The Dual Peak Detector is a special IC that continuously
monitors the acquisition signal and stores the most positive
and negative levels (peaks) detected during the sampling
interval. The differential ACQ (acquisition) SIGNAL from the
Acquisition Pickoff stage on diagram 6 is amplified by opera-
tional amplifier U40. Amplifier gain is set by R47 while the dc
offset level is set by R42.

The amplified signal is applied to the peak detector IC,
U50. This IC continuously monitors the input signal and
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stores the dc levels of the most positive and negative peaks
detected after a RESET pulse. Inverter USBO0A is used to
reset the IC on the falling edge of the MIN select signal.
Resistors R53 and R54 form a resistive divider that biases
the input of UBO0A positive, holding the output level used to
reset the IC negative (enabled). Capacitor C53 is a
differentiator used to detect the falling edge of the MIN
pulse and will only pull the input to U800 LO for a short time.
This generates a short reset pulse on the falling edge of
MIN.

The analog switch U55 allows the Sampler to acquire
samples from three different sources; the MAX PEAK OUT,
the MIN PEAK OUT, and the normal acquisition signal. The
three selection signals are controlled by the Acquisition
Control logic on diagram 13.

Sampler

The Sampler stage samples the selected signal source
from the Dual Peak Detector’s channei switch under control
of the Cycle Generator and buffers the sampled signal to the
A-D Converter stage. The sampling bridge diodes are nor-
mally forward biased and pass the input signal to storage
capacitor C60. The voltage on the storage capacitor follows
the input signal until a sample is to be taken. When the
SAMPLE input applied to pin 2 of U420A goes HI, the sam-
pling bridge is turned off and the charge on C60 is held at its
last value. This value is buffered to the A-D Converter stage
by source-follower Q60 where the analog value is converted
to a digital representation.

The sampling bridge diodes (CR60A-D) are normally heid
in their forward-biased state by resistor R3 within U60 and
by transistor Q94. With the bridge on, the input signal is
applied to storage capacitor C60 via the STORAGE HF
(storage HF response) adjustment R50. This voltage is buff-
ered by source-follower Q60 to the A-D converter stage.
The bias divider in U94 holds Q94 on and Q98 off until a
positive SAMPLE pulse is applied to U420A, at which time
Q98 turns on and Q94 turns off. With Q98 on, the cathodes
of CR60B and CR60C are pulled positive and, with Q94 off,
the anodes of CR60A and CR60D are pulled negative
through R2 within U60. Diodes CR1, CR2, and CR3 within
U60 limit how far the sampling bridge diodes may be reverse
biased and allow quick recovery of the bridge to the for-
ward-biased state when transistors Q94 and Q98 switch
states.

Transistor Q74 and its associated components comprise
a constant-current source for the switching transistors Q94
and Q98. Diode CR74 provides thermal compensation for
the base-emitter junction of Q74 and serves to hold the cur-
rent characteristics of the source somewhat constant with
varying temperatures.
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The FET buffer, composed of Q60 and Q62, provides a
high-impedance input for the voltage sample stored on C60.
This high impedance minimizes drain-down during the con-
version time when the sampling bridge is off. Transistor Q60
is a source follower and Q62 is the current source for Q60.

Cycle Generator

The Cycle Generator, under control of the A-D Converter
IC, generates the SAMPLE pulse that turns off the sampling
bridge diodes as described in the Sampler description. Tim-
ing of the Cycle Generator is illustrated in Figure 3-4.

Whenever an A-D conversion is finished, the INIT line to
the LOAD input of U500 is set LO. This causes the data at
the D0-D3 inputs to be loaded to the counter’s outputs. As
long as INIT remains LO, the counter outputs will not
change. Loading the counter removes the HI from the CE
input at pin 4 and enables part of the logic within the
counter.

When an acquisition is supposed to take place, the ACQ
signal from the Acquisition Timebase and Control circuit on
diagram 13 will be set HI. This pulls the SAMPLE signal to
U420A HI to turn off the sampling bridge and also tells the
A-D Converter to begin the analog-digital conversion (CONV
goes HI). The A-D Converter sets the INIT line HI (converter
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is busy) and enables the counter U500 to increment on the
next 20 MHz clock pulse.

With INIT HI, ACQ may now be removed and the SAM-
PLE pulse will remain HI. The following clock cycles incre-
ment the counter until U500's overflow (MAX/MIN) output
goes HI, disabling the counter (preventing the counter out-
puts from incrementing further) and holding the sampling
bridge off.

The A-D conversion continues and, when complete, the
INIT line is once again set LO. This reloads the counter and
removes the HI SAMPLE pulse, turning the sampling bridge
back on in preparation for the next conversion. The con-
verted data is written into the Acquisition RAM with the next
LO WRACAQ (write acquisition data) pulse generated (at the
beginning of the next acquisition cycle).

A-D Converter

The A-D Converter, as explained in the Cycle Generator
description, converts a sampled analog voltage to an 8-bit
binary representation. The converter IC uses a successive-
approximation technique to perform the conversion. Con-
version requires a minimum of 9 clock cycles, the first of
which allows the voltage level at the A, (analog in) input to
settle to a stable level.

CLOCK (20 MHz)

CONV (ACQ)

BUSY (INIT)

Qo

WRITE DATA
FROM PREVIOUS

INCREMENT ACQ RAM
ADDRESS

Qi (WRACQ INC
ADDR)

CONVERSION

Q2 (SAMPLE) (

Qs

CE (MAX/MIN)

4421-05

Figure 3-4. Timing of the Acquisition Cycle Generator.
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Conversion is initiated with a HI applied to pin 2 of U100.
This sets the BUSY output HlI, indicating that a conversion
is in process. One clock cycle before conversion is com-
plete, BUSY will be reset LO as an indication to the Cycle
Generator that it should get ready for the next conversion.

Tri-state buffer U220 is enabled with a LO applied to pins
1 and 19 and is on as long as an acquisition is in process.
When turned on, it buffers the conversion data from U100 to
the Acquisition RAM, where it is stored for future recall.

The voltage divider at pin 13 of U100 establishes a refer-
ence voltage level used to scale the internal conversion cur-
rents. The capacitors at pin 14 are high-frequency bypasses
that minimize conversion noise. Other information about the
A-D Converter is given in the preceding Cycle Generator
description.

Acquisition RAM

The digital data generated by the A-D Converter is stored
in the Acquisition RAM. When a conversion is in process,
the DONE signal applied to pin 20 is HI and disables the
output portion of the 8 1/O lines. Data from the converter is
applied to the 1/O lines via tristate buffer U220 and is written
to the location addressed by the 11 address lines at the
beginning of the next conversion cycle (WR ACQ goes LO).

When the stored data is to be moved to a waveform
storage location, DONE from the Acquistiion Control stage
will be set LO to enable the data outputs. The Acquisition
Address Counter will then sequentially outputthe data onto
the data bus so it may be transferred to the waveform stor-
age location selected.

ACQUISITION TIME BASE AND
CONTROL

The Acquisition Time Base and Control circuits (diagram
13) generate the addressing, timing, and control signals re-
quired for waveform acquisitions. The Equivalent Time
Clock Generator and Acquisition Time Base stages gener-
ate the commands to the Sampler (diagram 12) to acquire
data points at specific times, while the Acquisition Address
Counter and Acquisition Window Counter stages store the
proper number of pre- and post-trigger samples into the Ac-
quisition RAM.

Bus Interface

The Bus Interface circuit latches control data from the
Microprocessor (defining the rate that data acquisitions
should be made) and produces two address-decoded con-
trol signals that allow the Microprocessor to reset the
Acquisition Address Counter (via ARM signal) and allow the
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Microprocessor to read the LSB of the Acquisition Address
(via LO signal) for identifying the acquired channel.

Data latch U780 stores eight bits of Microprocessor data
when the TBD (time base data) line from address decoder
U785A goes from LO to HI (see Table 3-1 for address de-
‘coding). Bits DT0-DT4 of the latched data are used to set
the divider ratio of a programmable counter in the Normal
Acquisition Clock generator stage used to generate acquire
pulses at a time-base dependent rate. The next bit of data,
DT5, is used to enable either the Equivalent Time Clock
Generator or the Normal Acquisition Clock Generator, de-
pending on the type of acquisition to be made. The SEL A/B
control bit is used to select the source of the gate signal
used for making acquisitions, while the ENV control bit is
used to enable acquisitions in envelope mode.

Address bits A4 and A5, along with the WFM CONTROL
signal are address decoded (see Table 3-1) to produce two
other control signals, LO and ARM. The ARM signal is used
to reset the Acquisition Address Counter and Acquisition
Status Latch, and to preload the Acquisition Window
Counter with the trigger point data.

Equivalent Time Clock Generator

The Equivalent Time Clock Generator is used at sweep
speeds faster than or equal to 50 us per division. It pro-
duces acquire (ACQ) command puises that cause one data
point to be A-D converted with each successive sweep. The
selected sweep ramp is compared to the output of a stair-
case generator that increases one step with each sweep so
the acquire pulses occur at linear and well-defined points
along the ramp.

Dual comparator U600, under control of the SEL A/B
signal, allows selection of a sweep ramp to do the data
acquisitions against. When SEL A/B is HI, the H!I 81 input
selects the A SWP ramp. When SEL A/B is LO, U800B
inverts the level and applies a HI to the S2 input, selecting
the B SWP ramp.

The selected sweep ramp is compared to the rising stair-
case waveform at the comparator’s other inputs. The stair-
case is generated by integrator U650 and switchable current
source Q650. Transistor Q700 is used to discharge the inte-
gration capacitor C650 when the staircase is complete and
keeps the staircase generator inactive until next enabled.

To enable the staircase generator, a minimum of 2048
samples are stored and counted by the Acquisition Address
Counter. Once these are stored, the following sweep gate
will set TRIG'D LO, turning Q700 off. During generation of
the staircase, Q700 will remain off.
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To generate the staircase, the current source made up of
Q650 (and the associated components at its emitter) sup-
plies a constant current to the integrator U650 whenever a
LO WRACQ (write acquired data) pulse forward biases the
current source transistor (reverse biases CR734 and allows
the emitter of Q650 to pull down through R730 and R732).
The WRACQ pulses are all of equal duration, so the charge
supplied to the integrator with each pulse is constant. With
U650’s noninverting input referenced essentially to ground
via R650 (control bit DT5 is set LO and diode CR650 is
reverse biased), each WRACQ pulse causes the output of
U650 to integrate 1 mV more positive. When the pulse ends,
the new voltage level is maintained.

The selected comparator within U600 compares each
sweep ramp to the present staircase level to determine
when each sample should be taken. Since the staircase in-
crements in a linear fashion, each successive sweep ramp
causes a single sample to be taken at a predefined horizon-
tal position. After the Acquisition Window Counter deter-
mines that the staircase is complete (2048 post-trigger
samples taken and stored), the DONE output to the Micro-
processor (diagram 1) goes LO and DONE to multiplexer
U480 goes HI. This switches the clock source for the Acqui-
sition Address Counter to the processor-generated RDACQ
pulses and signals the processor that acquisition is
complete.

The processor then performs an algorithm to transfer the
acquired data to display memory by generating 2048
RDACQ (read required data) pulses, incrementing through
all addresses of the Acquisition RAM (using the
Acquisition Address Counter). When the next acquisition be-
gins, the processor asserts the ARM signal to reset every-
thing and Q700 turns on to discharge the staircase storage
capacitor (C650). Transistor Q700 remains on as the first
2048 samples are acquired and then turns off to enable the
staircase for the following 2048 samples. This entire pro-
cess is repeated for each equivalent time acquisition.

The RS flip-flop made up of UB0OC and UB00D allows
only one acquire pulse to be generated with each sweep
gate.

Normal Acquisition Clock Generator

The Normal Acquisition Clock Generator produces the
acquire pulses to initiate sampling for normal acquisitions. A
crystal-controlled clock frequency is divided down to a lower
frequency (sampling frequency) dependent on processor
data loaded into a programmable counter. This allows sam-

. ples to be taken at proper intervals for each of the various

sweep rates.
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To enable the NORMAL Mode, bit DT5 to the reset input
of U760 is set HI by the processor. This HI disables the
Equivalent Time Clock Generator by pulling the noninverting
input of U650 HI through CR650 and enables programmable
counter U760. Processor data, defining the division ratio of
the counter, is applied to the counter at the S1-S4 inputs.

The 2 MHz clock, from 20 MHz oscillator U710 and + 10
counter U740A, is divided by this programmed ratio and
produces an acquire clocking signal to the D input of
U790B. This signal is synchronized to the 4 MHz ciock by
U790B, and the NORM ACAQ signal is applied to OR gate
U755D. The output of U755D now produces the acquire
pulses for the NORMAL Mode acquisitions.

Envelope Acquisition Clock Generator

For ENVELOPE Mode, the ENV bit from U780 is set HI
by the processor. This switches the inputs of data selector
U720 in the Acquisition Control stage and isolates the previ-
ously described acquisition pulses from the Sampler circuit.
Acquisition pulses are now produced by the Envelope Ac-
quisition Clock Generator.

The Normal Acquisition Clock Generator is still putting
out the divided-down acquisition pulses which are applied to
the = 2 counter U790A. Since, in ENVELOPE Mode, two
acquisitions are done for every ACQ pulse, this counter
serves to keep the overall sampling rate equal to that for
normal acquisitions.

The divided clock is applied to U750A and clocks the Q
output HI. The HI removes the reset condition of U7508 and
is also applied to U755C, enabling the 400 kHz clock from
counter U740B to generate ENV ACQ pulses. These pulses
are applied to the Sampler circuit and two samples are
taken. When each of these samples is taken, WRACQ to
the Acgquisition Address Counter toggles, incrementing the
counter with each sample.

When the first sample is initiated, address line AAQ is HI
and a HI MAX signal is applied to the Sampler. This causes
the maximum point to be sampled. Part way through the
acquisition of the maximum point, the WRACQ signal will
go HI and the Acquisition Address Counter will increment,
setting AAO LO. This LO is applied to U755A of the Acqui-
sition Control stage and sets up the Sampler prior to the
next acquisition with a Hl MIN signal from U720.

The following 400 kHz ENV ACQ pulse initiates acqui-
sition of the MIN point. After the minimum value has been
stored on the sampling capacitor, WRACQ goes Hi again,
incrementing the Acquisition Address Counter and resetting
the Dual-Peak Detector.

3-27



Theory of Operation—336 Service

Address bit AAO now goes HI, clocking a LO to the Q
output of U750B. This resets U750A which, in turn, resets
750B. With U750A reset, the 400 kHz pulses through
U755C are disabled.

The pulses through U755C remain disabled (so no more
samples are taken) until the next clock from U790A, at
which time the whole cycle repeats itseif. In this way, the
MAX and MIN samples are alternately acquired at the over-
all sampie rate dictated by the SEC/DIV control setting.

Acquisition Control

The Acquisition Control stage consists primarily of data
selector U720 and routes control signals to the Sampler,
depending on acquisition mode.

When enabled, and ENVELOPE Mode is selected, ENV
applied to the select input is Hl and DONE applied to the
enable input is LO. Those signals at the device’s B inputs
are routed through to the outputs and control the acqui-
sition. When the acquisition is compiete, DONE will go HI
and disable U720.

When either normal or equivalent time sampling is se-
lected, ENV will be LO. This selects the signals at the A
inputs of U720. When acquisition is complete, DONE goes
HI and disables the device as described above.

Acquisition Address Counter

The Acquisition Address Counter increments the ad-
dresses for the Acquisition RAM when data is being written
into or out of the device. When writing data into the RAM,
the WRACQ (write acquired data) signal increments the
RAM address as each sample is taken. When writing ac-
quired data from the RAM to display memory, the proces-
sor-generated RDACQ (read acquired data) clock
increments the RAM address.

When writing data into the Acquisition RAM, the clock
applied to pin 3 of U310A will toggle HI when 2048 data
points have been stored. This sets the FULL line at the out-
put of U310A HI, indicating that the Acquisition RAM is full
of valid waveform samples. At the same time that this oc-
curs, all 11 of the acquisition address lines wilt toggle LO,
looping back around to the first location in the Acquisition
RAM. Samples continue to be taken until the next sweep
gate is initiated. The rising edge of the selected sweep gate
corresponds with the sweep trigger point and clocks the Q
output of U310B LO. This is the TRIG'D signal and enables
the Acquisition Window Counter to start counting post-
trigger samples (see that description).
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When the processor initiates the next waveform acqui-
sition, it will momentarily set the ARM signal to the Acqui-
sition Address Counter (and to U785B, configured as an
inverter) LO, resetting the counter.

Acquisition Window Counter

The Acquisition Window Counter is a presettable counter
used to count data-point acquisitions occurring after the
trigger event detected by the Acquisition Address Counter.
Since the Acquisition Address Counter always fills the
Acquisition RAM with valid data samples before detection of
a trigger event is allowed, sampled data of what occurred
prior to the trigger event is available. The operator may se-
lect the size of the “Acquisition Window”; i.e., how many
sampled events occurring after the trigger point will be dis-
played. Once the window is selected, the Acquisition Win-
dow Counter allows that many more samples to be taken
and then stops the acquisition. When the acquired data is
displayed, there will be data acquired before the trigger
event and then the user-selected amount of post-trigger
data displayed. There are 1024 points of data acquired for
each of CH 1 and CH 2. Display of the data is based on the
user-selected size of the Acquisition Window and is shown
in Table 3-2.

Table 3-2
Acquisition Windows
Acquisition Window Pretrigger Post-Trigger
Selected Points Points
PRE TRIG 896 128
MID TRIG 512 512
POST TRIG 128 896

Initially, when the processor asserts the ARM signal to
reset the Acquisition Address Counter and Acquisition Win-
dow Counter, four bits of data, defining the size of the post-
trigger window, are loaded into presettable counter U380.
Then, when the Acquisition Address Counter detects a trig-
ger event (see that description), TRIG'D goes LO and en-
ables the Acquisition Window Counter. Sampling continues
in the normal manner as the Acquisition Window Counter
counts these post-trigger samples. After U360B, U360A,
and U380 have counted the preset number of post-trigger
samples, the Q, output of U380 goes L.O and clocks U340A.
This generates a HI DONE signal at the Q, output of U340A
and changes the selection inputs of data selecter U480.
DONE at the output of U420B is applied to the Micro-
processor circuit to let it know that the post-trigger acqui-
sition is complete.
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Clock and Gate Multiplexer

With a Hi DONE signal applied to data selecter U480, the
GATE output to U310B goes to a steady HI and the source
of clocks for the Acquisition Address Counter switches from
the Sampler-generated WRACQ pulses to the processor-
generated RDACQ pulses. Since the processor knows that
the acquisition is complete (DONE went LO), it now begins
to move the acquired data from the Acquisition RAM to dis-
play memory.

Since the acquired data points are stored sequentially in
the Acquisition RAM and the addresses automatically loop
back around to the first RAM location when the last location
is written, the first point of the waveform is stored at the
location immediately following the last-acquired post-trigger
data point. To move the acquired waveform data points to
display memory, the processor sequentially addresses the
desired display memory locations and toggles the RDACQ
line, moving one byte of data with each RDACQ pulse.

When all acquired data points have been moved to dis-
play memory (where the display hardware automatically dis-
plays it), the Microprocessor reasserts ARM to reset
everything and another acquisition is made. This process
continuously repeats itself whenever acquisitions are made
using the Normal or Envelope Clock Generator circuits.

DISPLAY MEMORY AND DISPLAY
CONTROL

The Display Memory stage (diagram 14) provides stor-
age of acquired waveform information, cursor information,
waveform start information, and readout character informa-
tion. The rest of the circuitry on this schematic controls the
display of this stored data.

Display Memory

The Display Memory consists of four RAM devices that
keep track of four separate types of waveform-related data.
U320 is the waveform RAM and stores the acquired data
from the Acquisition RAM (diagram 12) when the front-panel
STORE button is pressed. U310 is the start RAM and
stores a HI bit in one location to indicate the start of the
waveform data. U300 is the cursor RAM and operates simi-
larly to the start RAM, indicating cursor location with His
stored at the cursor locations.

Data to be written into one of the four RAM devices is
applied to the input pins via tri-state buffer U100. A LO
WRDISP (write display data) signal enables the buffer when

~writing data from the processor data bus. Device selection
" is controlled by four latched write enable lines from the Bus
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interface stage, and addressing is done via the Display Ad-
dress Multiplexer.

The chip selects for U320 and U325 are controlled by
U110B and U110D. The HI WRDISP signal applied to both
of these gates when writing data into Display Memory en-
ables the chip selects of both U320 and U325. The data
applied to the 1/0 pins will be written to the device that is
write enabled by U150 of Bus Interface stage.

When WRDISP goes LO (display writing over), data will
be read out of the device selected by RO/WFM (readout or
waveform) applied to U110D. Since the line is controlled by
a counter bit from the Display Address Counter, the
RO/WFM line will first be LO. This is inverted by U110D to
disable the character RAM U325, and reinverted by U110B
to enable the waveform RAM U320.

With U320 selected, the address from the Display Ad-
dress Counter (via the Display Address Multiplexer) will in-
crement through each location of waveform RAM U320,
cursor RAM U300, and start RAM U310. Data from cursor
RAM and start RAM are applied to the Display Control
stage and generate control signals that start the storage
display ramp and produce cursors on the display waveform.
Data from the waveform RAM produces the vertical deflec-
tion information for the stored waveform displays.

When RO/WFM is HI, U110D inverts the level and en-
ables character RAM U325, and the readout deflection data
is sequentially clocked out of the RAM by the Display Ad-
dress Multipiexer.

Bus Interface

The Bus Interface stage consists of U130A and U150
and generates write enable signals for writing data into the
four RAM devices in the Display Memory stage.

One-of-four decoder U130A decodes address bits A4
and A5 when enabled by a LO WFMCTRL signal and, when
both are LO, produces a LO DISMD (display mode), en-
abling the input latch of U150. The three bits of select data
(D2, D4, and D6) are transferred to an internal latch and,
when the enable returns HI, the data is stored. The
WRDISP (write display data) signal is inverted by section 4
of U220 and is applied to the G1 input of U150. When the
processor is ready to write the data to the device selected
by the data latched in U150, the WR (write) signal to U150
will go LO and the selected output will go LO. This write
enables the desired device, and the processor data is writ-
ten from the data bus (via U100) to the location addressed
by the processor address bus (via the Display Address
Multiplexer).
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Display Address Multiplexer

The Display Address Multiplexer consists of three four-
bit, one-of-two data selector ICs controlled by a common
select line. The WRDISP (write to display) line is used as the
select signal and when LO (writing), the processor address
bus is used to address the Display Memory. At any other
time (not writing), WRDISP will be HI and the continuously
incrementing address from the Display Address Counter will
be selected. This continuously cycles through the contents
of the Display Memory for producing the crt display.

Display Address Counter

The Display Address Counter is a gated 400 kHz counter
used to increment the address of the Display Memory when
displaying the stored waveform and readout data.

The 400 kHz clock signal applied to U530C is gated on
as long as SWP STOP from the Cursor Logic stage is HI.
The 400 kHz clock is applied to the counter made up of
U160A, U160B, U180A, and U180B and continuously incre-
ments through the addresses of the Display Memory for
sequentially displaying the waveform and readout data.

When the Cursor Logic detects that the point being dis-
played is a cursor point, it will set the SWP STOP line LO to
disable the 400 kHz clock to U160A. This holds the present
output data and horizontal sweep position on the crt display
for a longer period of time thereby, producing an intensified
cursor dot. When the Cursor Logic resets the SWP STOP
line HI, the counter resumes normal operation and continues
incrementing through Display Memory.

The two MSBs of the counter, at pins 11 and 10 of
U180B, are used for switching between the character RAM
and waveform RAM and for switching between display of
CH 1 and CH 2 data respectively. This causes storage dis-
plays to be done in the following sequence: CH 2 waveform,
readout, CH 1 waveform, readout.

Cursor Logic

The Cursor Logic stage monitors the output of the cursor
RAM to detect when a display point is supposed to be a
cursor dot and, when detected, stops the horizontal sweep
and the Display Address Counter for a short time to inten-
sify that display point. AND-Gate U540B is used to detect
when a HI cursor bit is read out of the cursor RAM (via
U500) when waveforms are being displayed (WFM/RO HI).

Normally, when waveform dots are being displayed, the
SWP STOP signal applied to pins 2 and 12 of U535 will be
HI, holding the counter U535A and U535B reset. With this
counter reset, the input pin 5 of latch U520 wili be LO, re-
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sulting in a HI 2Q output applied to AND-Gate U540B. With
this enable set Hl and the WFM/RO level applied to pin 4 of
U540B HI (waveform display), the output at pin 6 will follow
the level of the CURS (cursor) line. This line from the cursor
RAM (via latch U500) will be LO for noncursor points, keep-
ing the counter U535 reset with a Hl SWP STOP level. This
HI SWP STOP level also keeps the Display Address
Counter enabled via the clock gate U530C.

When a cursor point is encountered, the CURS level read
from the cursor RAM will be HI. This causes a LO
SWP STOP level, disabling the Display Address Counter,
removing the reset to U535, and stopping the Storage
Sweep (diagram 15). With its reset removed, counter U535A
and U535B begins counting 400 kHz clock pulses. Since
The Storage Sweep ramp has stopped and the data from
the waveform RAM does not change during this counting
period, an intensified dot will appear on the displayed wave-
form. After 128 clocks, the Q2 output of U535B will go Hl,
signaling the end of the cursor period. The next 400 kHz
clock will clock this HI into U520, causing a LO at its 2Q
output. This removes the LO SWP STOP, reenabling the
Display Address Counter, the Storage Sweep (diagram 15),
and resetting the Cursor Logic counter U535 in preparation
for the next cursor. The Display Address Counter now con-
tinues incrementing the waveform RAM until the next cursor
point is encountered, at which time the entire cycle repeats
itself.

Display Control

The Display Control circuit generates signals that control
the display of stored waveform and readout data. These
signals are derived from other signals developed on the Dis-
play Board and control storage display mode, storage dis-
play blanking, storage sweep, and updating of readout
information.

Latch U520 is used to blank the dispiay when new dis-
play data is being written into Display Memory. When writ-
ing to the Display Memory, WRDISP will be LO and the Q
outputs of U520 will be set LO. The 3Q output applied to
U540A and U540C blank the Z-axis drive via both the
RO BLANK and WFM BLANK outputs.

When writing is over, the reset will be removed. The next
clock to U520 clocks its RO REFRESH output LO, enabling
the Readout D-A/Vector Generators (diagram 15). The fol-
lowing clock will set the 3Q output (STORAGE BLANK) HI
to reenable the blanking logic, U540A and U540C. Control
of the 2Q output is explained in the Cursor Logic
description.

Storage blanking is controlled by U500, U540A, and
U540C. When storage displays are occurring, the




DISP UPDATE signal is LO and enables the data at U500's
D inputs to be clocked through the IC. The RO/WFM select
level at the 2D input is used to enable either U540A or
U540C while holding the other one in its blanking condition.
With RO/WFM set HI, the 2Q output to U540C will keep
the WFM BLANK line at its output LO. Since the 2Q output
and the STORAGE BLANK levels to U540A are both HI, the
RO BLANK signal at its output will follow the BLANK DOT
input level. This level is controlled by the DD7 bit from the
character RAM and will be set HI whenever a stroke of a
readout character should be blank. For any displayable
stroke, the DD7 bit will be LO. Further information about the
readout characters is given in the Readout D-A/Vector Gen-
erators description.

Waveform blanking is generated by U540C and is similar
to readout blanking, just described. When the RO/WFM in-
put to U500 is LO, the RO BLANK level at the output of
U540A will be held LO and U540C will be enabled by the Hi
STORAGE BLANK and WFM/RO levels at its inputs. The
WFM BLANK output level follows the START input level
from the 4Q output of U500. This inverted output is derived
from the data output from the start RAM U310 on the
START line. When the waveform data corresponds to the
display starting point, the START data will be HI. The result-
ing HI at the 4Q output (SWP RESET) resets the Storage
Sweep (diagram 15) and the LO START level applied to
U540C generates the WFM BLANK, blanking the first point
of display data (for both CH 1 and CH 2). All other waveform
points will have the START bit from the start RAM set LO,
removing the LO WFM BLANK.

The storage display mode is controlled by U120A,
U120B, and U190. Flip-fliops U120A and U120B latch the
two least-significant bits of data-bus data when the
address-decoded DISMD (display mode) signal goes HI.
These latched bits are applied to data selector U190 and set
the output control levels to produce the four possible display
modes shown in Table 3-3.
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Blanking for single-channel storage displays is controlled
by U530B, U50C, U50D, Q550, and their associated com-
ponents. Figure 3-5 shows a simplified diagram of this block
of circuitry and an explanatory truth table.

The ACQ BLANK (acquire blanking) output at the emitter
of Q550 wilt go HI, blanking either CH 1 or CH 2 data points
as they are called from display memory, for producing a
CH 1 only or CH 2 only display. By blanking the data for the
unselected channel when called from memory, a CH 1 only
or CH 2 only display will result.

STORAGE DISPLAY AND
READOUT

The Storage Display and Readout circuitry (diagram 15)
converts the stored waveform and readout data bytes to the
analog deflection voltages used to position each of the indi-
vidual dots (of a stored waveform display) and strokes (used
to generate the readout characters) of a stored data display.
The Storage Sweep stage generates the sweep ramp that
the stored (vertical) waveform data is displayed against to
produce waveform displays.

Oscillator

The Oscillator generates the 400 kHz clock used to incre-
ment and synchronize the operations of the Storage Display
circuitry. The output of inverter US0OB provides positive
feedback to the input of inverter US0A through C50 and
R51 to cause oscillation. Negative feedback for both invert-
ers is provided by resistors R52 and R54 but is always less
than the positive feedback, so oscillation is maintained. Ad-
justing R54 changes the output frequency and thus the rate
at which the stored waveform (and readout) data is retrieved
from memory and displayed. Since these individual data
points are displayed against the constant-rise ramp of the
Storage Sweep generator, varying the rate of data display
will vary the overall length of the displayed waveform. This
adjustment allows the storage sweep to be calibrated to the
crt graticule.

Table 3-3
Storage Display Mode Selection

Mode Select Bit Signal Source Display
DM1 DMo Vertical Horizontal Mode

0 0 CH 2 Waveform CH 1 Waveform X-Y

0 1 CH 2 Waveform Storage Sweep CH 2

1 0 CH 1 Waveform Storage Sweep CH1

1 1 Alternate CH 1-CH 2 Storage Sweep Alt CH1/CH 2
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Figure 3-5. Storage Display Blanking Logic.




Resistor R50 and diode CR50 provide an additional neg-
ative feedback path on positive half cycles of the output
voltage to produce a more asymetrical output waveform.
Since the character “stroke” data is read from memory on
the rising edge of the clock while the data is not written to
the DACs until the falling edge, a period equal to the HI time
of the clock pulse exists in which the DAC output levels
remain constant. During this time, a bright dot will be pro-
duced since the crt beam is unblanked but is not moving. By
making the clock pulse asymetrical, this hold time (and thus
bright dots in the readout characters) is minimized.

Readout D-A/Vector Generators

The Readout D-A/Vector Generators convert the stored
character data output from the character RAM to the indi-
vidual “stroke” voltages used to “draw” the readout charac-
ters. Each byte of data read from the character RAM uses
the 4 LSBs to define the vertical endpoint of that “stroke”,
while the next 3 bits define the horizontal endpoint of the
“stroke”.

Each “stroke” results from the fact that as each consecu-
tive endpoint is read from the character RAM, the output
deflection voltages (RO X and RO Y) change linearly from
the present position to the next position instead of moving
immediately to it. With the Z-axis circuitry turned on, this
results in a short line segment or “stroke” on the crt.

Data bit DD7, output from the character RAM, allows
some of these strokes to be blanked, preventing the various
readout characters (including spaces) from blending to-
gether in a garbled display. Data bytes with DD7 set LO will
be displayed on the crt as character strokes while those
with DD7 set HI will be blanked (see Display Control circuit
on diagram 14).

Digital-to-analog converters U660 and U700 will be en-
abled when the RO REFRESH enable is LO. The falling
edge of the 400 kHz clock latches the data at each DAC'’s
D0-D7 inputs into an internal storage register, and both
DAC outputs go to the analog voltage defined by the digital
data in their respective input registers.

Each of these DACs has an operational amplifier integra-
tor connected between its output pin and its feedback input
Reg- The integrator provides some smoothing of the transi-
tions between consecutive output levels. The smoothed out-
puts from these integrators are both followed by an active
low-pass filter to provide further smoothing of the
transitions.

The four LSBs of data applied to U700 from the charac-
ter RAM (DDO-DD3) are used to define the vertical position
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of the end of the character stroke within an 8-wide by 16-
high character matrix (see Figure 3-6). The next bit, at the
D4 input, is tied LO and allows character disptay only on
alternate rows (only 8 of a possible 16). The next 3 bits (W8,
W9 and W10) applied to U700 select on which of these 8
rows the character will be displayed.

The horizontal positioning is done by U660 in a similar
manner. RAM data bits DD4, DD5, and DD6 select one of
the eight possible horizontal positions within the 8-by-16
character matrix for the endpoint of the stroke. Bits WA3,
WA4 and WAS from the Display Address Multiplexer, along
with bits W6 and W7 from the Display Address Counter,
select one of 32 horizontal character positions along the
selected row.

If every character position had something displayed in it,
there would be 8 rows of 32 characters each, with each row
vertically separated from those above and below by the
height of a character.

The RO X output voltage is applied to the Horizontal
Preamp through a signal switch that may either select or
deselect the signal, depending on display mode. The RO Y
signal is applied to analog switch U400C which allows either
readout or waveform deflection signals to control the verti-
cal deflection for storage waveforms.

Waveform D-A/Vector Generators

Operation of the Waveform D-A/Vector Generators is
nearly identical to that of the Readout D-A/Vector Genera-
tors just described. The major difference is that when the
WFM UPDATE enable is LO, the stored waveform data is
read alternately into the internal A and B registers with con-
secutive 400 kHz clocks. Register selection is controlied by
address bit WAOQ, the least-significant bit of the Display Ad-
dress Multiplexer. Since data in the waveform RAM U320 is
stored alternating the CH 1 data with the CH 2 data, using
WADOQ as the register select for U330 directs the CH 1 and
CH 2 data to their proper DAC outputs.

Both the CH 1 and CH 2 DAC outputs are followed by
two stages of smoothing, as described for the Readout
D-A/Vector Generators. Analog switch U400A allows either
CH 1 or CH 2 to provide vertical deflection for storage wave-
form displays.

Operational amplifier U3B0A is a buffer used to let the
CH 1 signal drive the horizontal system (via analog switch
U400B) for X-Y display of storage data. Normal horizontal
sweeping of the storage displays is provided by the Storage
Sweep generator and is also selected by U400B.
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Figure 3-6. Displaying Readout characters.

Storage Sweep

The Storage Sweep circuit generates the linear sweep
ramp used when displaying storage waveforms. It is an op
amp integrator using a switchable current source and a re-
settable integration capacitor.

To start a sweep, the SWP RESET signal from the Dis-
play Control stage (diagram 14) will go LO when the START
data from the start RAM goes LO (second point of data).
This turns the discharge transistor Q380 off and allows the
integration capacitor C385 to charge.

The charging current for the integrator is supplied
through R387 and R385 and will cause the output of the
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integrator to charge positive until a cursor point is encoun-
tered. When this happens, SWP STOP from the Cursor
Logic will go LO. This turns Q390 on and shorts the charg-
ing current to ground, stopping the ramp output. This ramp
output level is held for a short time (determined by the
Cursor Logic) and causes the displayed cursor point to be
intensified. When SWP STOP returns HI, Q390 turns off
and the ramp continues charging from this last level. When
another cursor point is encountered, the sweep will again
pause to intensify the point and will then compilete its charg-
ing. When the next waveform is to be displayed, SWP
RESET will go HI and discharge the integrator capacitor.
The next display point reenables the sweep, and the cycle
repeats itself.




EXTENDED MEMORY, BATTERY BACKUP
AND GPIB (OPTION 01)

The Extended Memory, Battery Backup and GPIB cir-
cuitry (diagram 16) are on a factory-installed optional circuit
board. The Extended Memory provides additional storage
for sixteen more acquired waveforms (8 each CH 1 and 8
each CH 2). The Battery Backup circuit allows the contents
of Display Memory to be maintained with normal instrument
power off. The GPIB circuit allows an external GPIB control-
ler to read the contents of the display memory from the 336.

Extended Memory

The Extended Memory consists of two 16k-by-8-bit
RAMs and a data latch used to latch the three MSBs of the
RAM address from the processor data bus. A tristate buffer
enabled by a power-sensing IC in the Battery Backup stage
removes the enables from both RAM devices when power is
going down, preventing erroneous writes to these RAM de-
vices as the power supplies decay.

During normal operation, tristate buffer U130 is enabled
by a LO applied to its enable inputs. The OPTRAM (option
RAM) and SYS (system) RAM enable signals are buffered
through U130 and are used to enable the appropriate RAM
devices, depending on address decoding.

To read or write to one of the option RAM ICs, the pro-
cessor first writes three bits from the data bus into the latch
U140. The three bits are written into the latch when the
address-decoded OPTBNK (option bank) signal goes HI.
The lower two bits are used as address bits for the RAM
ICs and the third bit is a chip select used to select one of the
RAM devices via the 1Q and 1Q outputs of U140. When
data bit D2 is HI, U310 will be enabled; when LO, U300 will
be enabled.

The processor then reads from or writes to the desired
RAM location by outputting the desired address within the
address-decoded space between D800 and DFFF.

When the option RAMs are being addressed, OPTRAM
will be LO and the resulting buffered signal (OPTRAMB) is
applied to both RAM devices, U300 and U310. This enable,
along with the latched enable from U140, allows the ad-
dressed location in the selected RAM device to be written to
or read from, depending on levels of the RD and WR enable
lines from the processor board.

When instrument power is turned off, a special sensing
IC in the Battery Backup circuit will set the enables to U130
HI before the power supplies decay to the point where data
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and enable levels go out of tolerance. Disabling U130 also
disables the RAM ICs (OPTRAMB and SYSB goes HI) and
prevents erroneous data from being written into the RAMs
as the power goes down. When the power supplies finish
decaying, power to U130 is removed and the pullup resis-
tors R130C and R130D keep the RAMs disabled. As long
as these RAMSs are disabled, they draw minimal supply cur-
rent, allowing the Battery Backup circuit to maintain RAM
contents for extended periods of time with instrument
power off.

Battery Backup

The Battery Backup circuit provides a standby power
source used to maintain the contents of the system and
option RAMs when instrument power is off. This allows
stored waveform data and instrument setup to be saved for
extended periods of time.

During normal instrument operation, the +5 V,, power
line will be operating within its tolerance limits. This initially
pulls the V., sensing input to approximately +1.25 volts
through resistive divider R100, R102, and R104. This level is
compared to an internal voltage reference of +1.15 volts
and switches the V control output LO, indicating that the
normal power supply is operational.

When V, goes LO, an internal transistor turns on and
switches the V,,, output to the +5 volt supply level, raising
the V., input fevel to about +1.3 volts. This hysteresis pro-
vides positive, noise-free switching of the output control
level. The LO V, output also turns on transistor switch
Q120 and the +5V,, and +5V,, supply lines are con-
nected to the normal 45V, supply line. Battery BT110
charges through CR110, R110, and R112 as long as normal
instrument power is on.

When instrument power is turned off, the +5 V, supply
line voltage will drop as power is drawn from its storage
capacitors. When the voltage level reaches approximately
+4.3 volts, the level at the V., input drops below the inter-
nal +1.15 volt level and the V, output goes HI. This is the
HI POWER OFF SENSE level used to disable the reading
and writing to the system and option RAMs (see Extended
Memory description).

This HI also turns Q120 off and battery BT110 begins
supplying a positive voltage to the +5V,, and +5V,, in-
puts through R112. This is the positive standby voltage and
it is used to maintain the contents of the system and option
RAMs when normal power is off. Switch S130 is used to
clear the contents of these RAMs (for diagnostic purposes)
when power is off.

3-35



Theory of Operation—336 Service

GPIB

The GPIB (General Purpose Interface Bus) circuit pro-
vides the communication link necessary for an external
GPIB controller to read acquired data points from waveform
memory. All interface and control functions of the 336 GPIB
circuitry are adherent to IEEE standard 488-1978 (and the
488-1980 supplement).

THE IEEE STANDARD. The |IEEE 488-1978 standard de-
fines a byte-serial bit-parallel interface system electrically,
functionally, and mechanically as well as specifying terminol-
ogy and system limitations. This system implements a
3-wire handshake system with each data transfer from a
“talker” to one or more “listeners”. A “talker” is a GPIB
device sending data while a “listener” is one that receives
data from a “talker”. All GPIB information is transferred at
standard TTL levels using negative logic (i.e., LO = TRUE).

The GPIB interface has 16 external connections which
are used for three separate types of functions. Inputs DIO1
through DIO8 (data input/output) are used specifically for
transfer of data between GPIB devices.

Five other lines are used to manage the flow of informa-
tion over the interface lines. The ATN (attention) level, when
active, disables the current talker and listeners and makes
all devices listen to the controlier. IFC (interface clear) is
used to put the interface system into a known quiescent
state. The SRQ (service request) line is used to indicate to
the controller that a device on the bus is in need of service
and an interrupt is requested (the controller determines
which devices may talk or listen at any time). The REN (re-
mote enable) command selects either a remote or local
source of device programming. The EOI (end or identify) line
is used to signal the end of a multiple byte transfer and is
used in conjunction with ATN to execute the parallel polling
sequence.

The three remaining lines are associated with the hand-
shake process and are the DAV (data valid), NRFD (not
ready for data), and NDAC (data not accepted) lines. Their
timing relationships during the handshake process are
shown in Figure 3-7. Each data byte transferred by the inter-
face system uses the handshake process to exchange data
between source (typically a talker) and acceptor (typically a
listener). The following list of events is related by number to
the state changes shown in Figure 3-7 and the flowchart
shown in Figure 3-8.

THE HANDSHAKE PROCESS. A typical handshake is as
follows:

1. The source (talker) initializes the active LO DAV
(data valid) to a HI level, indicating that data is not valid.
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2. The acceptors (listeners) initialize the active LO
NRFD (not ready for data) level to a LO (none are ready for
data) and set the active LO NDAC (data not accepted) level
to LO (none have accepted data).

3. The source checks for an error condition (both
NRFD and NDAC at a Hl level) and then sets a data byte on
the DIO (data in/out) lines. After data has been placed on
the DIO lines, the source delays to allow the data to settle
on these lines.

4. When the acceptors have all indicated readiness to
accept the first data byte, the NRFD level goes HI.

5. The source, upon sensing the HI NRFD level, sets
the DAV level to a LO, indicating that the data on the DIO
lines has settled and is valid.

6. The first (fastest) acceptor sets the NRFD level LO,
indicating that it is no longer ready for new data, and ac-
cepts the present data. The remaining acceptors follow at
their own rates.

7. The first acceptor sets its NDAC level to a (passive)
HI, indicating that it has accepted the data. (NDAC remains
LO due to the other acceptors actively driving NDAC LO.
The term “passive” means that if any other device is “ac-
tively” driving this line to the opposite state, the passive
level is overridden.)

8. As the last (slowest) acceptor accepts the present
data, the NDAC level goes to a (passive) Hl, indicating that
all acceptors have accepted the data.

9. The source, having sensed the HI NDAC level, sets
DAV HI. This indicates to the acceptors that the data on the
DIO lines must now be considered invalid.

10. The source may change the data on the DIO lines at
this time and now delays to allow this data to settle if
changed.

11. The acceptors, upon sensing the HI DAV level (step
9 above), set the NDAC level LO in preparation for the next
cycle. The NDAC line goes LO when set by the first
acceptor.

12. The first acceptor indicates that it is now ready for
the next data byte by settings its NRFD level to a (passive)
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HI. (NRFD remains LO due to other acceptors actively driv-
ing it LO.)

13. When the last acceptor indicates that it is ready for
the next data byte, the NRFD level goes (passive) HI.

14. The source, sensing that NRFD is HI, sets the DAV
level LO, indicating that the new data on the DIO lines has
settled and is valid.

15. The first acceptor sets the NRFD level LO, indicating
that it is not ready to accept any change of data, then ac-
cepts the present data. The other acceptors follow at their
own rates.

16. The first acceptor sets its NDAC level to a (passive)
HI, indicating that it has accepted the data (as in step 7
above).

17. The last acceptor sets the NDAC level (passive) HlI,
indicating that it has accepted the data (as in step 8 above).

18. The source, having sensed that NDAC is HI, sets
DAV H! (as in step 9).

19. The source removes the data byte from the DIO sig-
nal lines after setting DAV HL.

20. The acceptors, upon sensing the HI DAV level, set
NDAC to a LO level in preparation for the next cycle.

21. Note that all three handshake lines are at their initial
states (as in steps 1 and 2 above).

GPIA. The GPIA (general purpose interface adapter) con-
sists of U400, a 40-pin IC specifically designed for GPIB
applications. The purpose of the GPIA is to provide interface
between the IEEE 488 Standard instrument bus and the
Microprocessor.

The sixteen pins of this IC related directly to the 16 pins
of the GPIB interface connector, discussed in the IEEE 488-
1978 Standard description above, and are bi-directionally
buffered to the GPIA IC for control of data transfer to and
from the Data Bus.

The RD and WR lines, in conjunction with the three reg-
ister select pins (RS0, RS1 and RS2) tied to the address

REV APR 1984

Theory of Operation—336 Service

bus of the Microprocessor system, address one of 16 regis-
ters internal to the GPIA IC. These registers are used for
data storage, status monitors, and interrupt functions.

The RESET line is used to initialize the GPIA chip when
power is first applied and holds the IC reset until C404 can
charge LO through R404. The CS (chip select) input is used
to select the GPIA IC and must be LO to select the device.
The GPIBINT (GPIB interrupt) line is tied to the interrupt
logic of the Microprocessor and, when LO, indicates that the
GPIA requires service by the Microprocessor. The T/ﬁ1
(transmit/receive) output provides selection of whether 336
is transmitting or receiving data over the GPIB by controliing
the bi-directional buffers to the GPIB. The Clock input for
the GPIA stage is CHOPCLK, which runs at one-half the
speed of the Microprocessor clock and synchronizes all op-
erations to the processor.

UNBLANKING LOGIC AND CHART
ouT

The Unblanking Logic (diagram 17) controls the crt beam
unblanking and intensity for the various crt display modes.
The Chart Out circuit allows the stored waveform data to
control an external X-Y Plotter. Other circuitry on this sche-
matic controls selection of the vertical and horizontal deflec-
tion signals.

Decode

The Decode circuit generates signals used to control the
horizontal, vertical, and chart out circuits by address decod-
ing address lines A3 and A4 when the H-V MODE CONT
(horizontal-vertical mode control) enable is present.

Control Latch

The Control Latch allows the Microprocessor to store
control bits used in setting up the operating modes of the
vertical, horizontal, and chart out circuits. The stage con-
sists primarily of latch U180. Data from data line D7 is writ-
ten to the location addressed by address lines AO-A2 when
the address-decoded enable MODE CONT is present. The
stored data at the outputs is used to set up operation of
other circuitry.

Display Clock

The Display Clock generates the time-related signals
used to control the various functions associated with each
of the several realtime display modes. These functions in-
clude vertical mode selection, horizontal mode selection,
and Z-axis blanking for chop and alternate modes. The Dis-
play Clock consists primarily of two counters, one for gener-
ating chop timing and one for generating alternate (ALT)
timing, and a data selector used to route these timing sig-
nals to other circuitry.
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Depending on the desired display mode, the four control
signals from the outputs of U410 are selected from one of
the two counters within U400 by the ALT/CHOP signal ap-
plied to select input pin 1.

For alternate displays, the ALT/CHOP line will be HI, se-
lecting the signals at U410’s B inputs. The Hi ALT/CHOP
level, also applied to the reset input for counter 1 of U400,
holds all of the 1Q outputs reset (LO).

Two-line-to-four-line decoder U110 is configured to de-
tect the end of A SWP GATE when realtime displays are in
progress. When realtime displays are to be produced, the
processor will set the NONSTORE bit to the A1 select of
U110B HI. This HI, along with the HI applied to the AQ select
input, addresses output Y,; but since the decoder is not
enabled yet (A SWP GATE still HI), the Y, output will stay
HI. When the A SWP GATE ends, it goes LO, enabling the
addressed Y, output to go LO. When the A SWP GATE
returns HI, so will the Y, output.

This NONSTORE-enabled sweep gate signal is routed
through U410 to the Y, output of U410 and is used to clock
the currently selected vertical mode data (from U420) into
the Vertical Mode Controf latch U490 at the end of each A
SWP GATE. The same signal also clocks counter 2 within
U400, causing its 2Q outputs to increment in a binary fash-
ion at the end of each A SWP GATE.

The two LSBs of this counter (2Q0 and 2Q1) are routed
through U410 and are used to continuously cycle through
the four bytes of vertical mode data stored in the 4-word-by-
4-bit register file (U420) of the Vertical Mode Control stage.
The third bit of the counter 2Q2 is applied to the Horizontal
Mode Control stage and is used to alternately select the A
and B sweeps.

The counting configuration just described causes the four
traces defined by the four words of mode data stored in
U420 to be displayed against the A sweep ramp, followed
by the same four against the B sweep ramp, followed by the
same four against the A sweep ramp, and so on.

Chop operation is similar to alternate operation, just de-
scribed. For chopping, the ALT/CHOP level is LO, removing
the reset from counter 1 within U400 and selecting U410’s A
inputs. The clock signal for counter 1 is derived from the
Microprocessor clock and runs at approximately 1.2 MHz.
The two MSBs of this counter (1Q2 and 1Q3) are routed
through U410 to U420 and continuously cycle through the
four bytes of vertical mode select data at a 150 kHz rate.
The LSB, 1Q0, is routed to U490 and clocks the currently
addressed vertical mode data into U490 at a 600 kHz rate.
The 1Q0 and 1Q1 outputs are ANDed by U402B in the
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Unblanking Logic and produce a 300 kHz blanking pulse
that blanks the crt for a brief period each time the vertical
mode data changes.

The second counter within U400 is still enabled and con-
tinues counting completed A sweep gates. Since U400’s
2Q2 output is still routed through U410 to the Horizontal
Mode Control stage, operation is the same as for alternate
sweeps; i.e., four sweeps will be displayed with A sweep
ramp alternated with four sweeps using B sweep ramp.

Vertical Mode Control

The Vertical Mode Control stage generates the realtime
vertical select signals at the rates determined by the Display
Clock stage. Four bytes of mode-sequencing data are writ-
ten from the processor to a 4-word-by-4-bit register file.
This sequencing data is then continuously cycled through
(by the Display Clock signals) and produces the proper se-
quencing of the vertical channels for the various display
modes.

Since the read addresses RA; and RA, of the 4-by-4
register file U420 are continuously cycled by the Display
Clock, the 4 bytes of data stored in the register are cycled
through at the device’'s Q outputs. This cycling action is
what allows the vertical mode changes of each display
mode to be repeated, once the display mode is set by the
Microprocessor.

To set the channel sequencing associated with any dis-
play mode, the Microprocessor writes four bytes of channei-
sequencing data to the four sequential locations of the
register file, using the address-decoded write enable from
the Decode stage. When YCONT (vertical control) applied to
pin 12 of U420 goes LO, the four bits of data from the pro-
cessor on data lines D4-D7 are written to the location ad-
dressed by address bits AO and A1. When YCONT returns
HI, the data will remain stored at that location. Each bit of
the byte is associated with a control line that determines
whether the related vertical channel should be turned on for
that portion of the display sequence. Four bytes of data,
defining the sequence of each of the vertical channels, are
written into the sequential locations of U420 in this manner.
The bytes are then sequentially output as addressed by the
read address inputs RA; and RA,, producing four distinct
times at which the vertical select data can change the
display.

These outputs are latched into U490 either at the end of
each chop clock or at the end of each sweep, depending on
the mode of the Display Clock. Three of these bits are di-
rected to multiplexer U480 for control of the vertical channel
selection; while the fourth bit, STORAGE/REAL, is directed
to the Blanking Logic for producing storage displays.
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For producing displays when acquisitions are not being
made, the DONE line from the acquisition system will be
LO. This selects the A inputs of U480 and allows the vertical
mode control data from U420 to control vertical channel se-
lection. During acquisitions, the display will be blanked and
the DONE signal will be HI. The selection of CH 1 and CH 2
is determined by the SAVE signal; and for normal acqui-
sitions, the SAVE line toggles at the same rate as the LSB
of Display Address Counter. This alternately selects CH 1
and CH 2 for application to the sampler. For envelope mode
acquisitions, the SAVE signal stays LO until all points of the
CH 1 envelope have been acquired and then switches HI to
deselect CH 1 (and select CH 2).

Horizontal Mode Control

The Horizontal Mode Control circuit controls sweep se-
lection when displaying realtime waveforms. Data selector
U450 is enabled when the REAL (realtime display) signal is
LO. When enabled, the A and B select bits from the Control
Latch select two of the possible eight inputs as the A SEL
and B SEL signals. Table 3-4 illustrates mode selection.

The alternating A/B signal applied to pin 3 of U450 and
pin 11 of U402C is derived from the Display Clock and alter-
nately selects the sweeps when in A alternate B mode.

Unblanking Logic

The Unblanking Logic provides unblanking and intensity
control of the crt Z-axis circuit. With none of the unblanking
circuitry activated, a blanking current is supplied to the
Z-Axis Amp (diagram 18) through resistor R450. To unblank
the crt beam to the desired intensity level, the Unbianking
Logic will sink varying amounts of this blanking current
away from the Z-Axis Amp, dependent on the type of
unblanking to be done.

The biasing configuration of transistor Q600 in the
Z-Axis Amp circuit (diagram 18) holds the voltage at the
output of the Unblanking Logic (at pin 2 of P420) at a con-
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approximately 4.9 mA of current is sourced to the Z-Axis
Amp, blanking the crt. As any of the unblanking circuits are
activated, a portion of this blanking current will be sinked
away from the Z-Axis Amp, causing the intensity to in-
crease. Before the Z-Axis Amp will come out of its blanked
condition, the unblanking logic must sink at least 2.6 mA
away from the output node. Maximum intensity will occur
when the entire 4.9 mA is sinked from the node by the
Unblanking Logic.

The unblanking currents are controlled by the outputs of
U430, U440, and U470; which are in turn controlled by the
rest of the Unblanking Logic. NAND gates U472 and U470
control unblanking for realtime displays. The Horizontal
Mode Control stage determines which of the available
sweep ramps (A or B) should be used as the sweep source
and is explained in that description.

For A sweep unblanking, the NONSTORE control bit and
the A SEL signal applied to U470B will be HI. When the A
SWP GATE signal goes HI, U470B’s output will go LO, for-
ward biasing CR444 and drawing current through R474.
The current through R474 is approximately 2.9 mA, enough
to barely unblank the Z-Axis Amp. The additional current
used to set the intensity of the crt beam is sinked through
U442A and R446 to pin 4 of U440.

An additional current will be sinked from the node
through CR442 and R472 when U470A detects the B SWP
GATE with the A sweep ramp sweeping the display (A SEL
HI). The latch formed by U472A and U472C detects any
occasion when the A SWP GATE signal ends before the B
SWP GATE signal and is used to turn off B and A intensified
sweeps when the B delayed time extends beyond the end of
A sweep. Since the A sweep is always initiated before the B
sweep can run, the LO B SWP GATE signal applied to
U472C when the A SWP GATE signal goes HI will set the
enable at pin 8 of U472C HI. This output will remain HlI,
keeping U470C and U470A enabied until the situation arises
where the A SWP GATE ends before the B SWP GATE

stant level. With all unblanking circuits inactive, ends.
Table 3-4
Horizontal Mode Selection

Select Input Output Mode
A B A SEL B SEL
0 0 0 0 X-Y
0 1 0 1 B only
1 0 1 0 A only
1 1 AB B/A AaltB
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If this occurs, as would happen with long delay times
between the start of A sweep and the start of B sweep; the
falling edge of A SWP GATE would set the output at pin 8 of
U472C LO, disabling U470A and U470C. Since these gates
control unblanking for the B only and B intensification
sweeps, the intensified portion of A alt B sweeps and the
corresponding B only sweeps will end coincident with the
end of A SWP GATE.

For B only displays, the B SEL input and the enable from
U472C to U470C will both be HI. When the B SWP GATE
occurs, the output of U470C goes LO, sinking current away
from the output node via CR440 and R470. This current
(approximately 2.9 mA) will barely unblank the Z-Axis Amp
while the current sinked through U442A and R446 sets the
display intensity. B blanking will occur either when the B
SWP GATE ends or when the end of A SWP GATE removes
the enable coming from U472C (described above), which-
ever occurs first.

Intensity for these real-time displays is set by U442A,
U442B, R446, and the associated circuitry. When real-time
sweeps are being displayed, the readout is blanked and the
RO BLANK enable applied to U440 is LO. This enables the
IC, and the LO STORAGE/REAL control bit from the Verti-
cal Mode Control stage selects the A inputs of U440. For
real-time displays, the NONSTORE control bit applied to the
A, input of U440 is HI, resulting in a LO at the Y, output.
This LO forward biases transistor U442A via R446 and
sinks a portion of the current away from the output node,
depending on the INTENSITY level applied to the base of
U442A. The INTENSITY level is set by the front-panel
INTENSITY control and allows the operator to set the drive
to the Z-Axis Amp during real-time displays.

The EXT Z-AXIS IN signal applied to the base of U442B
allows positive-going signals to reduce (and blank) the
realtime display intensity. When the EXT Z-AXIS IN signal
level at the base of U442B approaches the INTENSITY leve!
applied to the base of U442A, a portion of the current flow-
ing through R446 begins to come from Q442B, reducing
current flow in U442A. The more positive the external signal
goes, the more the intensity current through U442A will be
reduced, until blanking occurs.

Blanking of the real-time display during the period when a
data point is being acquired is done by pulling the ACQ
BLANK line HI. This reverse biases transistor U442A, clos-
ing the intensity current-sink path.

Chop blanking of the real-time display is controlled by
U402B, part of U430, and Schottky diode CR450. When
chop mode is selected, the processor will set the CHOP
BLK EN (chop blank enable) bit applied to U402B HI. The
approximate 300 kHz and 600 kHz clocks applied to the
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other inputs of U402B result in a narrow, 300 kHz chopping
pulse at its output.

Since, for real-time displays, U430’s A inputs will be se-
lected (readout is blanked and RO BLANK is LO), the out-
put at Y, will be a narrow, positive-going blanking pulse.
This CHOP BLANK pulse will forward bias diode CR450 and
source the extra current to current-sinking (unblanking) cir-
cuits, overriding them. This blanks the crt as the vertical
mode alternates between CH 1 and CH 2 displays. When
the CHOP BLANK pulse returns LO, normal display inten-
sity is restored.

When magnified displays are being displayed, the MAG
bit applied to U440 will be HI and an additional current will
be sinked through CR448 and R442 to the Y, output of
U440. This turns up the beam intensity to compensate for
the faster sweep rate and holds the intensity of the magni-
fied display near that set for the unmagnified display.

Another type of real-time display is the X-Y mode. Since
none of the sweeps are enabled for X-Y displays, another
unblanking path is provided. With the XY ENABLE bit set
HI, indicating an X-Y display, unblanking current will be
sinked to the Y, output of U440 through CR446 and R444.
Since an X-Y display does not have the holdoff times asso-
ciated with sweep displays, the value of R444 is slightly
larger than those of R474 and R470 used for unblanking the
A and B sweep displays, providing the same relative dispiay
intensities. This XY unblanking signal is also used to gener-
ate the XY SEL signal in the Vertical Mode Control stage
and may only be asserted when the STORAGE/REAL select
signal to U440 is LO.

The Y, output of U440 is used to control the intensity of
stored waveform displays. With the STORAGE/REAL select
input LO, the Y, output will be HI and the storage intensity
current path through U442C and R440 will be closed. With
the select input HI, however, the real-time intensity and XY
intensity paths will be closed and the display intensity will be
controlled by U442C and its associated components.

To unblank the Z-Axis Amplifier for waveform displays,
the WFM BLANK signal must be HI. This produces a LO at
the Y, output of U440 and forward biases U442C. The
unblanking current is sinked to the Y, output through
U442C and resistor R440.

Since the stored waveform data is read from memory
and displayed alternating CH 1 with CH 2 (either of which
may be blanked), the overall time that a given channel’s
data is unblanked on the crt is about half that of the cor-
responding real-time single-channel display; therefore, the
value of stored waveform unblanking resistor R440 is about
half that of real-time unblanking resistors R470 and R474.
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To horizontally magnify a stored waveform display, the
MAG control bit applied to the B, input of U440 will be set
HI. This causes the Y, output to sink an intensifying current,
as described above for real-time displays.

Blanking of the stored waveform displays is done by set-
ting the WFM BLANK signal from the Display Control stage
(diagram 14) LO. This results in a HI at the Y, output of
U440 and reverse biases U442C, turning off the unblanking
current path.

Blanking and unblanking of the readout display is han-
dled in a similar fashion. When a readout dot is being dis-
played, the RO BLANK signal will be HI. This disables U440
and selects the B inputs of U430. With the B, input tied HI,
the Y, output will be LO, forward biasing transistor U442D.
The amount of unblanking current drawn from the output
node through U442D and R430 is dependent on the transis-
tor's base bias voltage set by the RO INTENSITY preset,
R924. When the RO BLANK line is set LO by the Display
Control stage (diagram 14), the A, input of U430 is selected
and the Y, output will go HI. This reverse biases transistor
U442D and blanks the readout display.

The Y, and Y, outputs of U430 are used to generate two
control signals used for selecting real-time or storage dis-
play modes. When readout dots are being displayed, the Hi
RO BLANK signal will select the B, input and a LO REAL
control signal will result at the Y, output of U430, indicating
that this is not a real-time display. This output is routed to
U430's A, and B, inputs and is inverted to the
REAL/STORE signal at the Y, output. These signals drive
other circuits that disable the real-time displays.

When the readout is blank (RO BLANK LO), either
realtime or storage waveforms may be displayed. The
STORAGE/REAL signal applied to the A, input of U430
controls the signals at the Y, and Y, outputs. The
STORAGE/REAL signal is produced from the Micro-
processor-generated vertical mode data stored in the Verti-
cal Mode Control stage and allows selection of real-time
waveform, stored waveform, or alternating real-time stored
waveform displays.

Chart Out

The Chart Out circuit allows the stored waveform data to
be output to an X-Y plotter under control of the Micro-
processor. The stage consists of two D-A converters (DAC)
that convert the Microprocessor data written to them to two
analog voltages representing the horizontal and vertical co-
ordinates of the stored waveform data points.
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When writing data to the Chart Out circuit, the Decode
stage will generate a chip select to either DAC U100 or DAC
U140, depending on whether horizontal or vertical data is
being written to the DACs. When the processor write pulse
(WR) goes LO, the data on the data bus is written to the
storage register internal to the selected DAC and the output
voltage goes to the corresponding voltage level. Transitions
between consecutive steps are smoothed by frequency-
compensated operational-amplifier buffers U160A and
U120B.

The two DACs are used to set the Delay Time Position
and Trace Sep control voltages when the plotter output is
not being used. Analog switch U220A and NAND-Gate
U402A are used to apply DAC U140’s output to the trace
separation circuit when enabled by a Hl TRACE SEP EN bit
with the A/B select line HI. This enables the trace separa-
tion voltage to the Horizontal Preamp during alternate A
sweeps and allows the A sweeps to be positioned below the
B sweeps.

inverting buffer U160B and its associated resistors are
used to develop the DELAY TIME POSITION control volt-
age for A intensified by B and B delayed displays (when
waveform data is not being output to the plotter). The
DELAY START and DELAY STOP adjustments are set at
the time of calibration to match the DAC output values to
the limits of the A sweep.

Z-AXIS AMPL, CALIBRATOR, HIGH
VOLTAGE, AND CRT

The Z-Axis Ampl (diagram 18) converts the current signal
from the Unblanking Logic (diagram 17) to a voltage signal
used to control the intensity of the crt display. The High
Voltage power supply provides the various high voltage op-
erating potentials required by the crt. The crt provides the
operator with a visual display of the stored and real-time
waveforms, as well as alphanumeric display of the oscillo-
scope setup conditions and of the operating mode menus.
The Calibrator circuit provides 0.3 volt peak-to-peak,
square-wave output signal at approximately 1 kHz to the
instruments side panel.

Z-Axis Ampl

The Z-Axis Ampl converts the signal currents from the
Unblanking Logic (diagram 17) to the voltage signal used to
control the crt intensity. The bias network at the base of
Q600 holds the base voltage at approximately 2 volts, and
the emitter is held at a constant level one diode drop higher.
The Z-AXIS current from the Unblanking Logic develops a
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voltage across resistor R606 and, for blanked displays, will
reverse bias diodes CR604 and CR608. Schottky diode
CR600 prevents this voltage from exceeding approximately
+0.4 volt.

Transistors Q620, Q640, Q660, and their associated
components form an inverting current-to-voltage amplifier.
For blanked displays, the output voltage at the collectors of
Q640 and Q660 will go to a level of approximately +4.2
volts, providing bias current for Q620 through the feedback
resistor R614 to the bias resistor R610. Since diodes
CR604 and CR608 are reverse biased, only this bias current
will flow in the feedback resistor and only a small voitage will
be developed with respect to the fixed base level of Q620
(two diode drops above ground) to the output of the
amplifier.

To unblank the crt, the Unblanking Logic will reduce the
Z-Axis current fiowing through Q600 and R606. This lowers
the voltage at the cathode of CR604 and forward biases
both CR604 and CR608, sinking bias current away from
Q620. The lowered base bias on Q620 forces the collector
of Q640 HI in an attempt to maintain the forward-bias cur-
rent through R610. The voltage at the output will rise to a
level that will source a current through R614 equal to the
normal bias current for Q620 plus the additional current re-
quired to increase the voltage drop across R606 to the level
that begins to turn diodes CR604 and CR608 off. The maxi-
mum output voltage will approach +60 volts and is pro-
duced when all of the current for R606 is sourced through
R614 (along with the normal bias current through R610).
The crt intensity may be set between either of these limits,
depending on the value of the combined intensity-blanking
current from the Unblanking Logic.

Grid Bias and DC Restorer

The Grid Bias and DC Restorer circuit provides crt
control-grid bias and couples both the dc and low-frequency
components of the Z-Axis drive signal to the crt control grid.
The circuit operates by impressing the grid bias setting and
the Z-Axis drive signal on an ac waveform. This shaped
waveform is then ac coupled to the high-potential crt envi-
ronment where the dc components of the original signal are
restored.

An ac-drive voltage of approximately 500 volts peak-to-
peak is applied to the Grid Bias and DC Restorer circuit
from pin 4 of plug P10. This signal is coupled to the junction
of a positive clamp (made up of VR38, VR40, CR36, and
their associated components) and a negative clamp (CR10)
by capacitor C10 and resistor R10.

The positive clamp is used to set the nominal GRID BIAS
level, which in turn determines the overall crt intensity. Posi-
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tive clamping of the ac waveform occurs when diodes CR36
and VR38 become forward biased. Depending on the set-
ting of Grid Bias potentiometer R40, connected across the
+75 volt reference (VR40), this clamping will occur between
+75 volts and + 150 volts.

Clamping of the negative-going waveform is done by di-
ode CR10. Clamping level is determined by the level of the
INTENSITY signal from the Z-Axis Ampl. Figure 3-9 illus-
trates the shaped waveform applied to pin 9 of the High-
Voltage Module, U100.

This shaped waveform is ac coupled to the high-potential
crt environment by the input capacitor (A) at pin 9 of the DC
Restorer within High-Voltage Module U100. Initially, this ca-
pacitor charges to a level determined by the difference be-
tween the Z-Axis signal level and the —1960 volt grid
potential. Capacitor D charges to a similar level through re-
sistor E.

When the ac waveform applied to pin 9 begins its transi-
tion from the lower clamped level (set by the Z-Axis signal)
toward the upper clamped level (set by the Grid Bias circuit),
the charge on the input capacitor increases. The additional
charge is proportional to the voltage difference between the
two clamped voltage levels.

When the ac waveform begins its transition from the up-
per clamped leve!l back to the lower clamped level, diode B
becomes reverse biased. Diode C becomes forward biased
and an additional charge, proportional to the negative ex-
cursion of the ac waveform (difference between the upper
clamped level and the lower clamped level), is added to ca-
pacitor D through diode C. The amount of charge added to
capacitor D depends on the varying Z-Axis signal from the
Z-Axis Ampl, since it sets the lower clamping level of the ac
waveform. This added charge determines the potential of
the INTENSITY control grid with respect to the crt cathode.

The potential difference between the control grid and the
cathode controls the beam current and thus the display in-
tensity. With no Z-Axis signal applied (display blanked), ca-
pacitor D will be charged to its maximum negative value,
since the difference between the two clamped voltage levels
is at its maximum value. This is the minimum intensity condi-
tion and reflects the setting of the Grid Bias potentiometer.
During calibration, the Grid Bias potentiometer is adjusted
so that the difference between the upper clamping level (set
by the Grid Bias potentiometer) and the “no signal” level of
the Z-Axis drive signal produces a control grid bias that
barely shuts off the crt electron beam.

To turn on the crt beam, the Z-Axis signal will unblank
and rise to an intensity level controlled by the Unblanking
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Figure 3-9. Composite Grid Bias/Intensity waveform.

Logic. This increased signal amplitude decreases the differ-
ence between the upper and lower clamped levels of the ac
waveform, and less charge is added to capacitor D. The
decreased voltage across capacitor D decreases the poten-
tial difference between the control grid and the cathode, and
more crt beam current is allowed to flow. Increased beam
current increases the crt display intensity.

During the periods that capacitor A is charging and dis-
charging, the control-grid voltage is held stable by the long-
time-constant discharge path of capacitor D through
resistor E. Any charge removed from capacitor D during the
positive transitions of the ac waveform will be replaced on
the negative transitions.

The fast-rise and fast-fall transitions of the Z-Axis signal
are coupled to the crt control grid through capacitor D and
capacitor C105. This ac-coupled fast-path signal quickly
sends the crt electron beam to the new intensity level, then
the slower DC Restorer path “catches up” to handle the dc
and low-frequency components of the Z-Axis drive signal.

Focus Limiter and DC Restorer

The Focus Limiter and DC Restorer provides the level
shifting of the operator-settable FOCUS voltage to the high-
potential environment of the crt. Shifting is done in a manner
similar to that just described for the Grid Bias and DC Re-
storer stage. The active positive clamp, made up of Q50,
Q54 and their associated components, provides a variable
voltage clamp that limits the positive swing of the ac wave-
form. Diodes CR60 and VR58 limit the negative swing.
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The 500 volt ac signal is applied to the clamping node
through R20, R22, and C22.The negative excursion of the
ac waveform is clamped near —56 volts by zener diode
VR58 and diode CR60. The positive excursion is limited at
the level where the feedback current in R54, along with the
current from the front-panel FOCUS pot, turns both Q50
and Q54 on.

With the output level below the clamping level, the volt-
age from the front-panel FOCUS pot will be divided by bias
divider R50-R52. The resulting voltage at the gate of Q50
will tend to be below the pinchoff voltage of the FET and
Q50 will be off. This also keeps Q54 off.

As the ac waveform rises positive, an additional current
will be sourced to R52 through feedback resistor R54. This
rising voltage causes the bias voltage on the gate of Q50 to
go positive toward the FET's pinchoff voltage until the FET
turns on. With the FET on, Q54 also turns on, and any cur-
rents greater than those required to keep Q50 turned on will
be sinked through R56 and Q54 to ground. This is the posi-
tive clamping condition, the level of which may be varied by
increasing or reducing the current to R52 from the front-
panel FOCUS control (vary control setting).

When the ac waveform drops below the set clamping
level, current through R54 will be reduced below the level
necessary to keep Q50 (and thus Q54) turned on. The posi-
tive- and negative-clamped ac waveform is applied to pin 7
of U100 and is dc restored in a manner similar to that de-
scribed earlier for the Grid Bias and DC Restorer stage. The
resulting high-potential output is used to control the FOCUS
element of the crt.

High Voltage Regulator

The High Voltage Regulator monitors the cathode supply
voltage and draws current away from the regulator’s volt-
age-doubler stage to keep the output at its nominal operat-
ing level of —1960 volts. The —1960 volt output is applied
to the crt’s cathode/heater element to provide the negative
drive potential and is used as a reference for the INTENS
and FOCUS control grids (see the Grid Bias and Focus Lim-
iter descriptions).

The 2000 volt ac signal from P122 is used to develop the
—1960 volt supply voltage. On the first positive half cycle,
diode G becomes forward biased, but since the output level
applied to the inverting input of regulator U80 is low (too
positive), transistor Q72 will be turned on and most of the
current that might have otherwise charged capacitor K posi-
tive is shunted away through resistor H. This leaves a slight
positive charge on capacitor K and a large charge of almost
—1000 volts on input capacitor F.
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On the following negative half cycle, the negative compo-
nent of the ac waveform (—1000 volts) is added to the
charge already stored on input capacitor F and the series
combination of capacitors J and K is charged up to almost
—2000 volts via diode 1. Output storage capacitor M is also
charged to this level through resistor L.

Since the output level now tends to negative, the regulat-
ing operational amplifier UB0 will turn transistor Q72 off. On
the following half cycle (positive), diode G will be forward
biased; and, with Q72 off, negative charge will be sub-
tracted from (positive charge added to) capacitor K until the
output level reaches —1960 volts. At this time U80 will turn
Q72 back on to sink all extra positive (subtractive) current
away from capacitor K, charging input capacitor F to a volt-
age slightly less than —1000 volts.

As before, the following negative half cycle adds its
charge to that already stored on input capacitor F and
pumps the output voltage back up to compensate for any
charge drawn off between cycles. After several similar cy-
cles, the circuit reaches an equilibrium where the charge
added on each cycle precisely matches that drawn from the
output on the previous cycle and the supply is in regulation.

The regulation point is determined by the sensing divider
R82 and resistor N within the HIGH-VOLTAGE MODULE. If
the sensed output level tends low (too positive), transistor
Q72 turns on so the charge stored across input capacitor F
will be greater on the next cycle, restoring the output to its
proper level. If the output tends high (too negative), the tran-
sistor will be turned off, allowing capacitor K to charge
slightly positive, thus reducing the charge stored on input
capacitor F on the following cycle. As before, this action will
return the output to its regulated value in the course of a few
cycles.

Diode CR68 serves to shift the lower extreme of the sine
wave input from an approximate -250 volts up to 0 V. This
shift ensures proper circuit biasing when either high-line or
low-line power sources are used (since some difference in
the ac signal amplitudes will occur relative to the opposite
line configuration).

Heater Rectifier/Cathode

The Heater Rectifier/Cathode circuit develops a dc volt-
age for heating the combination heater-cathode element of
the crt. The phasing relationships of the isolation trans-
former T100 alternately forward biases transistors Q100
and Q102, producing a rectified voltage that is filtered by
C102. By using a dc heater voltage, power-supply-induced
modulation of the crt beam is reduced.



Anode Multiplier

The Anode Multiplier U120 is a conventional X10 voltage
multiplier hybrid used to produce the +10 kV accelerating
potential for the crt.

CRT

The CRT circuit consists primarily of the cathode ray
tube. It presents a visual representation to the user of the
events currently being measured (with scale factors), as well
as those previously acquired. The only other circuitry shown
on this schematic block consists of resistive, level-setting
dividers used to set up several operating characteristics of
the crt.

Calibrator

The Calibrator circuit is an free-running, operational-am-
plifier multivibrator. It generates a 0.3 volt peak-to-peak,
square-wave output signal to the CAL OUT connector on
the instrument’s side panel. The approximately 1 kHz CAL
OUT signal may be used to compensate the oscilloscope
probes to the vertical input to which they are connected.

The output of operational amplifier U980 will go either HI
or LO, depending on the relative voltage levels at its inputs.
When the output is switched HI, the noninverting input at pin
3 becomes referenced at approximately +3.1 volts due to
the positive feedback through R984. Capacitor C982
charges positive through R982 until this level is reached.

At this time, the output switches LO and the hysteresis
caused by R984 sets the noninverting input of U980 at
about + 1.9 volts. The inverting input charges negative until
this level is reached and the output returns HI. This cycle
continuously repeats itself to, produce the Calibrator
waveform.

The resistive divider and potentiometer at the output of
U980 allows the amplitude of the calibrator signal at the
CAL OUT jack to be precisely set at the time of instrument
calibration.

LOW-VOLTAGE POWER
SUPPLY

The low voitages required by the 336 are produced by a
high-efficiency, switching power supply (diagram 19). This
type of supply directly rectifies and stores charge from the
ac line supply; then this stored charge is switched through a
special transformer at a high rate, producing several ac volt-
ages at the transformer’s outputs. These ac voltages are
rectified and stored as dc levels that are then regulated
down to the final supply voltages.
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Line Rectifier-Filter

Ac source voltages of either 115 V or 230 V may provide
the primary power for the instrument, depending on the po-
sition of the internal LINE VOLTAGE SELECT jumper, P50.
Power switch 830 applies the selected line voltage to recti-
fier bridge CR50-CR53.

With the LINE VOLTAGE SELECT jumper in the 115V
position, the rectifier and storage capacitors operate as a
full-wave voltage doubler. When operating in this configura-
tion, each capacitor is charged on opposite half cycles of the
ac input through diodes CR53 and CR52. The voltage
across capacitors C50 and C52 (in series) will approximate
the peak-to-peak vaiue of the source voltage.

For 230 V operation, jumper P50 connects the rectifier
diodes as a conventional bridge rectifier. Both capacitors (in
series) charge on both half cycles of the ac input, and the
voltage across both caps in series will approximate the peak
value of the source voltage. For either configuration, the dc
voltage supplied to the Power Switching stage is the same
(320 volts).

Resistor R35 limits the surge current when the power
supply is first turned on. Varistors RV40 and RV42 are
surge protectors. If excessive source voltage is applied to
the instrument, the varistors conduct and the extra current
flow quickly exceeds the rating of fuse F10. The fuse will
open, protecting the power supply from excessive input
voltages. For 115 volt operation, only RV40 is placed across
the line input; for 230 volt operation, RV40 and RV42 are
placed in series across the line input.

Common-Mode inductor L12, resistor R12, and capac-
itors C12, C13, and C35 form a line-filter circuit to minimize
transfer of power-line interference into the instrument and
power-supply switching transients onto the power line.

Starter

The Starter circuit consists of a free-running unijunction
transistor (UJT) oscillator Q102 that provides the initial
base-drive current to switching transistor Q140. When in-
strument power is applied, capacitor C94 begins charging
positive through R90. When the charging level at the emitter
of UJT Q102 reaches the device's trigger level, conduction
from base 2 (B2) to base 1 (B1) occurs (as well as from
emitter to base 1) and provides a current pulse to the base
of switching transistor Q140. Transistor Q140 turns on and
discharges any remaining charge stored on C94 through di-
ode CR100.
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Normally, when Q140 turns on, currents start flowing in
transformers T130 and T190, sourcing in-phase drive cur-
rents to the base of Q140 (via R134, CR135, and R135).
This keeps it saturated for a short period of time, as ex-
plained in the Inverter description.

If normal Inverter operation doesn’t start, these extra
base-drive currents to Q140 will not be present, allowing
C94 to immediately begin recharging. Another pulse to the
base of Q140 will be generated in another attempt to start
the Inverter operation. This cycling will continue until normal
Inverter operation starts, at which time the
charge-discharge cycle is modified slightly, as explained in
the Inverter description.

Inverter

The Inverter stage provides the power switching neces-
sary to convert the rectified ac line current to an approxi-
mately 20 kHz sine wave for application to the output
transformer. It consists of a switching transistor used to
open and close a current path in the resonant primary circuit
of the output transformer.

Initially, the Starter circuit generates a current pulse to
the base of switching transistor Q140, as described earlier.
This pulse will turn Q140 on, and current begins to flow from
the positive supply +V, to (virtual) ground P through the
resonant primary circuit of T190 and that of T130. The in-
creasing current flowing in the primary of T130 induces a
current in one of its secondary windings that is applied to
the base of Q140 through R134. This current is in phase
with that originally applied to Q140 by the Starter circuit and
holds Q140 on after the short start pulse ends.

With Q140 on, current continues to flow in the resonant
primary circuit of T190 and C190 (from +V, to virtual
ground) until the current reaches its maximum value. At this
point, flux in the transformers begins to decay (reverses)
and the current induced in the secondary to the base of
Q140 reverses, turning Q140 off. This closes the primary
current path and the reversed flux in the transformers builds
rapidly. Currents induced in the transformers due to the flux
reversal and decay are returned to the positive supply
through diode CR130. Diode CR146 and capacitor C142
provide a return path around the primary of T130.

When this second flux reversal begins to decay, current
in the secondary to the base of Q140 reverses again and
turns it back on, starting the cycle over again. This cycle is
continuously repeated as long as the instrument is running.
The resulting ac waveform applied to the primary of T190
generates turns-related voltages at the secondary outputs
of the transformer, which are rectified and regulated to pro-
duce the low-voltage power supply voltages.

3-48

Pulse Width Modulator

The Pulse Width Modulator detects the levels of the reg-
ulated power supplies and varies the “on” time of switching
transistor Q140 in order to vary the power transferred from
the Inverter to the regulated power supplies.

Since the Pulse Width modulator must be operational be-
fore any of the secondary supplies will come up, an indepen-
dent power source must be established. Power for this
fundamental circuit is provided from secondary windings of
T190 and T130 by diodes CR156 and CR158 and filter ca-
pacitor C156.

Once this supply is established, operation of the Pulse
Width Modulator begins. When transistor Q140 turns on, a
negative-going signal is generated at output P3 of trans-
former T190. When this level reaches approximately —5.7
volts (indicating that the cycle is under way), transistor
Q156 will turn off, allowing capacitor C152 to charge posi-
tive through resistor R152. Charge rate is set by the amount
of current sinked through the output transistor of U160 and
is dependent on the output of the error amplifier, made up of
transistors Q160, Q162 and the associated components.

The error amplifier is an emitter-coupled transistor pair
with one of the bases referenced at +2.5 volts. The other
base senses the levels of the +5 volt and + 10 volt unregu-
lated supplies via resistive sense network R162, R168,
R164, and R167. Due to the relative values of R162 and
R168, the +5 V|, supply voltage is the primary sense con-
trol for the error amplifier. Potentiometer R167 in this sens-
ing network allows the output level of the +5 volt digital
(+5 V|, supply (and, due to turns ratios, the other unregu-
lated supply voltages) to be set at the time of calibration.

Depending on the output voltages of the +5 V, and
+10 V supplies, the base of Q162 will be biased at some
level relative to the base of Q160. If the base of Q162 goes
more positive than that of Q160 (due to output voltages
being too high), the current through the light-emitting diode
of U160 will be reduced. This lowers the bias level on the
output transistor of U160 and the current through it is
reduced.

Reducing the current through U160 allows C152 to
charge faster and turns the switching transistor Q140 off
sooner than it would otherwise. Turning Q140 off earlier re-
duces the charge transferred to the secondary windings on
that cycle and reduces the secondary output voitages.
These reduced voltages are applied to the bias divider of
Q162 and lower it back towards the +2.5 volt reference at
the base of Q160.The opposite occurs if the outputs tend
too low, and pulse width will increase.



+2.5 Volt Reference

Each of the power supply regulators controls its respec-
tive output by comparing its output voltage to a known ref-
erence level. In order to maintain stable supply voltages, the
reference itself must be highly stable. Three-terminal refer-
ence IC U250 provides this reference level.

Unregulated Supplies

The unregulated dc supplies are derived from the various
secondary windings by rectifying the output voltages and
storing charge on storage capacitors. The resulting unregu-
lated voltages are used at various points in the instrument
and are the power source for the various regulated supplies.

In addition, several ac voltages used in the High Voltage
and CRT circuits are generated by secondary windings of
transformer T190.

—8 V Regulator

The —8 volt regulator consists of diode CR189, capac-
itor C189, resistor R189, and zener diode VR189. The diode
rectifies the voltage from the 10 volt secondary winding and
stores charge on C189. Resistor R189 and zener diode
VR189 form a zener regulating circuit that holds the output
voltage at —8.2 volts.

+8 V Regulator

The +8 volt regulator is composed of U200, Q200, and
their associated components. Initially, as instrument power
is applied, the voltage at pin 5 of U200 from voltage divider
R204-R206 is below the +2.5 volt reference applied to
U200 pin 6. This causes the output at pin 7 of U200 to go
low, turning series-pass transistor Q200 on. With Q200 on,
the voltage at the +8 V output will rise (as various load
capacitances are charged up) untii the output voltage
reaches +8 volts.

With the output at + 8 volts, the voltage at pin 5 of U200
will equal that at U200 pin 6. This is the balanced condition,
and any deviation from this output level will cause a change
in base drive to series-pass transistor Q200.

If the output vdltage tends too high, the output of U200
will also go high, reducing base drive to Q200. Reduced
base drive tends to turn Q200 off, and the output voltage
will drop until the +8 volt level is reattained.

If the output level tends low, the opposite circuit action
occurs to turn Q200 on harder. This active regulation holds
the output level constant under varying load conditions. Ca-
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pacitor C206 allows the regulator to respond to high- and
mid-frequency load variations while holding the longer term
(dc) characteristics of the output constant.

+5 V Regulator

Operation of the +5 V Regulator is similar to that just
described for the + 8 V Regulator. The supply’s output volt-
age is sensed by operational amplifier U220B and is used to
control base drive to series-pass transistor Q220.

However, instead of using the operational amplifier's out-
put to directly control the base drive of the series-pass tran-
sistor (as in the +8 V Regulator), the positive supply current
drawn by both of the operational ampilifiers within U220 is
used for quiescent bias current for Q220. Then, depending
on the output level sensed, additional current will be sinked
from the operational amplifier's positive-supply input to
ground via the operational amplifier’s output transistor, re-
sistor R224 and diode CR224. This additional current turns
series-pass transistor Q220 on, and the output level rises
until it approaches the proper voltage.

As the output nears its regulation level, the additional
current drawn through R224 and CR224 by the operational
amplifier’s output will be reduced, turning Q220 down. Due
to the high gain of the operational amplifier, the output level
at which the transistor begins to turn off will be very close to
the final regulated level. The output level will continue torise
until an equilibrium is reached where the total positive sup-
ply current holds the output level in regulation. Changes in
the output voltage will cause the operational amplifier to
turn Q220 up or down from this equilibrium state to keep the
output voltage in regulation.

—5 V Regulator

Operation of the —5V Regulator is nearly identical to
that just described for the +5 V Regulator. The major differ-
ence is that the negative supply current is used as the con-
trol for the series-pass transistor.

Line Trigger

The Line Trigger stage uses the “floating” power-line
signal to modulate the frequency of unijunction transistor
oscillator Q124 by varying the charging rate of C122. The
output of this oscillator drives the light-emitting diode within
U120 and produces a corresponding frequency-modulated
pulse train at the collector output of U120. Coupling-capac-
itor C120 couples the pulse train to the frequency-compen-
sated line-trigger channel switch (diagram 7), where the
high-frequency component of the pulse train is rejected
while keeping the lower frequency ac component of the
waveform (power line frequency).
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Section 4—336 Service

PERFORMANCE CHECK PROCEDURE

INTRODUCTION

The “Performance Check Procedure” is used to verify the instrument’s Performance Requirements as listed in the “Speci-
fication” (Section 1) and to determine the need for readjustment. These checks may also be used as an acceptance test or as a

preliminary troubleshooting aid.

This procedure does not check every facet of instrument operation; rather it is concerned with those portions of the 336
that are essential to measurement accuracy. Removing the instrument’s wrap-around cabinet is not necessary to perform this
procedure. All checks are made using the operator-accessible controls and connectors. A complete check of the instrument’s
operation is performed in conjuction with the “Adjustment Procedure” of Section 5.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 4-1 is a complete list of
the equipment required to accomplish both the “Perfor-
mance Check Procedure” in this section and the “Adjust-
ment Procedure” in Section 5. Test equipment
specifications described in Table 4-1 are the minimum nec-
essary 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, re-
fer 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, check the “Minimum Specification” col-
umn to determine if any other available test equipment
might suffice to perform the check or adjustment.

PERFORMANCE CHECK INTERVAL

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

PREPARATION

Before commencing this procedure, ensure that the Line
Voltage Selection indicator on the rear panel indicates that
the internal Nominal Line Selector is set to the correct
ac-power-source voltage (see “Preparation for Use” in
Section 2).

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 there is a list showing only the test
equipment required to perform the checks of that subsec-
tion. Item numbers following the equipment name in paren-
theses refers to the test equipment item number listed in
Table 4-1.

The initial front-panel control settings required to prepare
the instrument for performing Step 1 are given at the begin-
ning of each subsection. Each succeeding step within a sub-
section should then be performed both in the sequence
presented and in its entirety to ensure that control settings
will be correct for ensuing steps.
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Table 4-1

Test Equipment Required

Item and
Description

Minimum
Specification

Use

Example of
Applicable
Test
Equipment

1. Leveled Sine-Wave
Generator

Frequency: 250 kHz to above 70 MHz.
Output amplitude: variable from 10 mV
to 5 V p-p. Output impedance: 50 Q.
Reference frequency: 50 kHz.
Amplitude accuracy: constant within
3% of reference frequency as output
frequency changes.

Vertical, horizontal, and
triggering checks and
Display adjustments and Z-
Axis check.

TEKTRONIX SG 503
Leveled Sine-Wave
Generator.2

2. Calibration Generator

Standard-amplitude signal levels:
5mV to 50 V. Accuracy : +3%.
High-amplitude signal levels: 1V to
60 V. Repetition rate: 1 kHz.
Fast-rise signal level: 1 V. Repetition
rate: 1 MHz. Rise time: 1 ns or less.
Flatness: +5%.

Signal source for gain and
and transient response.

TEKTRONIX PG 506
Calibration
Generator.2

3. Time-Mark Generator

Marker outputs: 10 ns to 0.5 s. Marker
accuracy: +0.1%. Trigger output:

1 ms to 0.1 us, time-coincident with
markers.

Horizontal checks and
adjustments. Display
adjustment.

TEKTRONIX TG 501
Time-Mark
Generator.?

4. Function Generator

Range: less than 1 Hz to 1 kHz;
sinusoidal output; amplitude variable
up to greater than 10 V p-p open
circuit with dc offset adjust.

Low-frequency checks.

TEKTRONIX FG 502
Function Generator.?

5. Digital Voltmeter
(DMM)

Range: 0 to 140 V. Dc voltage
accuracy: +0.15%. 4 1/2 digit display.

Power supply checks and
adjustments. Crt grid-bias
adjustment.

TEKTRONIX DM
501A Digital
Multimeter.2

6. Test Oscilloscope with
10X probes

Bandwidth: dc to 10 MHz.
Minimum deflection factor: 5 mV/div.
Accuracy: +3%.

General troubleshooting,
checking holdoff time.

SONY/TEK 335 or
336 Oscilloscope.

7. GPIB Controller

Control GPIB. Conform to |EEE-488
Codes and Formats.

Check GPIB operation of
Option 01.

TEKTRONIX 4050
series.

8. X-Y Plotter Check X-Y output.
9. Variable Capable of supplying 1.5 A at 115 Vac.| Power supply regulation General Radio
Autotransformer check. WBMT3VM Variac

Autotransformer.
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Table 4-1 (cont.)
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Item and Minimum Use Example of
Description Specification Applicable
Test
Equipment
10. Isolation Transformer | Minimum power: 100 W 1:1 turns Safety. Tektronix Part
ratio. Number 006-5953-00.
11. Coaxial Cable Impedance: 50 Q. Signal interconnection. Tektronix Part

(2 required)

Length: 42 in.
Connectors: BNC.

Number 012-0057-01.

12.

Precision Coaxial
Cable

Impedance: 50 Q.
Length: 36 in.
Connectors: BNC.

Used with PG506
Calibration Generator

Tektronix Part
Number 012-0482-00.

13.

Termination
(2 required)

Impedance: 50 Q.
Connectors: BNC.

Signal termination.

Tektronix Part
Number 011-0049-01.

14.

10X Attenuator

Ratio: 10X.
Impedance: 50 €.
Connectors: BNC.

Vertical compensation and

triggering checks.

Tektronix Part
Number 011-0059-02.

15.

2X Attenuator

Ratio: 2X.
Impedance: 50 €.
Connectors: BNC.

External Triggering checks.

Tektronix Part
Number 011-0069-02.

16. Adapter Connectors: BNC male-to-miniature- Signal interconnection. Tektronix Part
probe tip. Number 013-0084-02.
17. Alignment Tool Length: 1-in shaft. Bit size: 3/32 in. Adjust variable capacitors Tektronix Part

Low capacitance; insulated.

and resistors.

Number 003-0675-00

18.

10X Standard
Accessory Probe
(supplied with
instrument)

Vertical input capacitance
adjustment. VOLTS/DIV

compensation.

TEKTRONIX P6148.

19.

TV Signal Generator

Provide Composite TV Video and Line
Sync Signals.

Check TV Trigger circuit.

TEKTRONIX 067-
0601-00. Calibration
Fixture with
067-5002-00 (525/60)
and 067-5010-00
(1201/60) plug-ins.

20.

Dual-Input Coupler

Connectors BNC female-to-dual-BNC
male.

Signal interconnection.

Tektronix Part
Number 067-0525-01.

21.

Shorting Piug

Two-terminal square-pin connector
with shorting strap.

Calibrator adjustment.

Tektronix Part
Number 131-0993-00.

2Requires a TM500-series power module.
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INDEX TO PERFORMANCE CHECK

PROCEDURE

Vertical

1. Check Channel 1 and Channel 2 NON STORE
Deflection Factor Accuracy
Check Storage Deflection Factor Accuracy

Check Bandwidth ........................
Check AC Coupled Lower —3 dB Bandpass ...
Check AVERAGEMode ...................
Check PROCESS Operation
Check TRIG VIEW Deflection Factor Accuracy

NoOO AN

Triggers

. Check A and B Internal Trigger Sensitivity
. Check HF REJ and LF REJ COUPLING
. Check EXT and EXT/10 Trigger Sensitivity
. Check External Trigger LEVEL Range

HWN =

4-4

4-6
4-7
4-8
49
49
4-10

5. Check TV Trigger Sensitivity ................ 4-16
6. Check Storage Acquisition Window .......... 4-16
7. Check Trigger Jitter ... .................... 417
Horizontal
1. Check A Sweep and B NON STORE Timing

Accuracy and linearity ..................... 4-18
2. Check Storage Timing Accuracy ............. 419
3. Check Delay Time Differential Accuracy ....... 4-20
4, Check X-Axis Gain  ....................... 4-21
5. Check X-Axis Bandwidth .................. 4.22
6. Check VAR SEC/DIVRange ................ 4.22
7. Check Delay Time Jitter ................... 4.22
8. Check TRACE SEP Operation .............. 4.22
External Z-Axis, Calibrator, and CHART OUT
1. Check External Z-Axis Input ................ 4-24
2. CHECK Calibrator Output .................. 4.24
3. Check CHART OUT Operation .............. 4.25
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VERTICAL

Equipment Required (see Table 4-1)

Leveled Sine-Wave Generator (Item 1)
Calibration Generator (Item 2)
Function Generator (item 4)

50 @ BNC Coaxial Cable (item 11)

50 Q Precision BNC Cable (Item 12)

50 © Termination (Item 13)
Adapter BNC-male-to-miniature
probe tip (item 16)

Dual-input Coupier (Item 20)

NOTE

If starting the Performance Check Procedure at this point, prior to applying power to the 336, verify that the
Nominal Voltage Selector is set to the correct power source voltage. Connect the 336 to an appropriate power
source and apply power to the instrument and test equipment. Make the initial 336 control settings as soon as the
Power-on diagnostics routine has completed, and allow a 20-minute warmup period before commencing the
procedure to obtain the maximum accuracy.

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-
dure and will be set when needed.

Set:

INTENSITY

FOCUS

VERT MODE
VOLTS/DIV (both)
VOLTS/DIV VAR (both)
AC-GND-DC (both)

CH 2 INVERT

Vertical POSITION (both)

DISPLAY MODE
NON STORE
STORE
VIEW

Horizontal Display Mode
Horizontal POSITION
SEC/DIV

VAR SWP/HOLDOFF

TRIGGER
MODE
SOURCE

Visible display

Best defined display
DUAL TRACE
5mv

CAL (in detent)

DC

Noninverted (no down
arrow displayed)

Midrange

ON (LED illuminated)
OFF
OFF

A (SEC/DIV knob in)
Midrange

0.5 ms

CAL/NORM (in detent)

AUTO
CH2

COUPLING AC
A LEVEL For a stable display (with
signai applied)

A SLOPE + (plus)
Main MENU Selections

READOUT ON

TIMEOUT SLOW

ACQ WINDOW POST TRIG

1. Check Channel 1 and Channel 2 NON STORE
Deflection Factor Accuracy

a. Connect a 20 mV, standard-amplitude square-wave
signal from the calibration generator to the CH 2 input con-
nector via a 50 Q precision BNC cable.

b. Vertically center the standard-amplitude square-wave
display.

¢. CHECK—That the display amplitude is 4 divisions
within 3% (3.88 to 4.12 divisions).

d. CHECK—Change the calibration generator setting
and the VOLTS/DIV setting on the channel being checked
as shown in Table 4-2 and check that the deflection accu-
racy is within 3% for all VOLTS/DIV switch settings listed.

e. CHECK—Display amplitude decreases from 5 divi-
sions to 2 divisions or less when the VAR VOLTS/DIV con-
trol is rotated fully counterclockwise.
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input and vertically center the display.

h. CHECK—Repeat parts ¢ and d for al CH 1

VOLTS/DIV switch settings.

i. CHECK—Repeat part e for CH 1 VAR VOLTS/DIV

control.

|
\
‘ j- Return the calibration generator output amplitude to

f. Set the VERT MODE and TRIGGER SOURCE to
CH 1 and set the calibration generator output for 20 mV.

g. Move the test signal from the CH 2 input to the CH 1

20 mVv.
Table 4-2
Vertical Deflection Accuracy
VOLTS/DIV Calibration Divisions
Setting Generator of Deflection
Amplitude

10 mv 50 mv 4.85t0 5.15
‘ 20 mv 01V 4.85to0 5.15

50 mv 02V 3.88 to 4.12

01V 05V 485 to 5.15

02v 1V 48510 5.15

05V 2V 3.88 to 4.12

1V 5V 4.85 to 5.15

2V 0V 485 to5.15

5V 20V 3.88 to 4.12

0V 50V 4.85to 5.12

2. Check Storage Deflection Accuracy
a. Set:
CH 1 VOLTS/DIV 5mVv
VAR VOLTS/DIV (both)  CAL (in detent)

DISPLAY MODE STORE
Main MENU Selections
CURSORS ON
TRIGGER
A LEVEL Adjust for a stable,

triggered display

b. Use the DLY TIME/CURSOR push buttons and
MENU 1 button (CURSOR SEL) to position one cursor dot
on the top of the standard-amplitude square wave and the
other on the bottom of the waveform.

¢. CHECK—Cursor AV readout is 20 mV +0.4 mV
(changes in the readout should be centered around 20 mV).

d. CHECK—Store display amplitude is 4 divisions
+0.12 division (3.88 to 4.12 divisions).

e. CHECK—Change the VOLTS/DIV and calibration
generator settings to each of the settings given in Table 4-3
and check the storage deflection accuracy and voltage read-
outs for each VOLTS/DIV setting given.

f. Set:
VERT MODE CH2
CH 2 VOLTS/DIV 5mv

TRIGGER SOURCE CH?2

g. Set the calibration generator output amplitude to 20
mV and move the test signal from the CH 1 input connector
to the CH 2 input connector.

h. CHECK—Repeat parts ¢, d, and e for all CH 2
VOLTS/DIV switch settings.

i. Disconnect the test equipment from the 336.
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Table 4-3
STORAGE DEFLECTION ACCURACY
VOLTS/DIV Generator Waveform Voltage
Setting Setting Deflection Readout
Limits (divisions) Limits
10 mv 50 mV 4.85t0 5.15 48.1 mV to 51.9 mv
20 mv 0.1V 485to05.15 96.2 mV to 103.8 mV
50 mV 0.2v 3.88 to 4.12 192 mV to 208 mV
01V 05V 4.85t05.15 481 mV to 519 mv
02v 1V 4.85t0 5.15 962 mV to 1.038 mv
05V 2V 3.88 to 4.12 192V t02.08V
1V 5V 485t05.15 481Vto519V
2V 0V 485 to 5.15 9.62V 101038V
5v 20V 3.88 to 4.12 19.2Vto208V
10V 50V 485 to0 5.15 481Vto519V
3. Check Bandwidth h. Set the DISPLAY MODE to NON STORE and set the
A SEC/DIV setting to 10 us.
a. Set:
CH 2 VOLTS/DIV 5mv
i. Repeat parts ¢ through h for each VOLTS/DIV setting
SEC/DIV 10 us
upto1 V.
DISPLAY MODE NON STORE
CURSORS OFF (press MENU button NOTE
2)

b. Connect the leveled sine-wave generator output to
the CH 2 input connector via a 50 Q precision BNC cable
and a 50 Q termination.

c. Set the generator frequency for 50 kHz and set the
output amplitude for a 6-division vertical display. Use the
Vertical POSITION control to certically center the display.

d. Increase the sine-wave generator frequency to 50
MHz.

e. CHECK-NON STORE display amplitude is 4.2 divi-
sions or more peak-to-peak.

f. Set the DISPLAY MODE to STORE and set the A
SEC/DIV setting to 0.1 us.

g. CHECK—STORE display amplitude is 4.2 divisions or
more peak-to-peak.

The sine-wave generator output amplitude is limited to
5 V peak-to-peak. Therefore, at the 1 V setting, set
the reference signal display amplitude to 5 divisions
and check for a display amplitude of at least 3.5 divi-
sions at 50 MHz.

j. Set:
VERT MODE CH 1
CH 1 VvOLTS/DIV 5mv
DISPLAY MODE NON STORE
TRIGGER
SOURCE CH1

k. Move the test signal from the CH 2 input connector to
the CH 1 input connector.

I. Repeat parts ¢ through i for Channel 1.

m. Set:

VERT MODE TRIG VIEW
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DISPLAY MODE NON STORE
A SEC/DIV 10 us
TRIGGER

SOURCE EXT

MODE NORM

n. Set the sine-wave generator frequency to 50 kHz and
move the test signal from the CH 1 input connector to the
EXT TRIG IN connector.

0. Adjust the A TRIG LEVEL control for a stable display
near the center of the graticule area.

p. Set the generator output amplitude for a 5-division
vertical display. Adjust the A TRIG LEVEL control as neces-
sary to center the display.

g. Increase the generator output frequency to 35 MHz.

r. CHECK—TRIG VIEW display amplitude is 3.5 divi-
sions or more peak-to-peak.

s. Set the TRIG SOURCE to EXT/10 and reestablish a
5-division, 50 kHz reference signal display.

t. Repeat parts gqandr.

u. Disconnect the coaxial cable from the EXT TRIG IN
connector.

v. Set:
VERT MODE ADD
VOLTS/DIV (both) 5mVv
TRIGGER
SOURCE CH 1
MODE AUTO

w. Connect the leveled sine-wave generator output to
the CH 1 and CH 2 input connectors via a 50 @ coaxial
cable, a 50 Q termination, and a dual-input coupler.

x. Set the generator output frequency to 50 kHz and
adjust the output amplitude to obtain a 6-division ADD dis-
play. Use either the CH 1 or the CH 2 Vertical POSITION
control to center the display vertically.

y. Increase the generator output frequency to 30 MHz.

z. CHECK—ADD display amplitude is 4.2 divisions or
more peak-to-peak.

aa. Remove the dual-input coupler from the test setup
and reconnect the leveled sine-wave generator output to the
CH 1 input connector via the 50 @ coaxial cable and 50 @
termination.

ab. Set:
VERT MODE CHA1
A SEC/DIV 2ms
DISPLAY MODE STORE

Main MENU Selection

STORAGE Mode ENVELOPE

ac. With the ENVELOPE Menu displayed, use the DECR
button (MENU 2) to decrease the number of acquisitions to
1 TIMES (it not already there).

ad. Set the sine-wave generator output for a 50 kHz ref-
erence signal, 6-divisions in amplitude.

ae. Increase the generator frequency to 10 MHz.

af. CHECK—ENVELOPE display amplitude is 4.2 divi-
sions or more peak-to-peak.

ag. Disconnect the test equipment from the 336.

4. Check AC COUPLING Lower —3 dB Bandpass
a. Set:

VERT MODE DUAL TRACE

VOLTS/DIV (both) 50 mV (with 10X probe
attached)

SEC/DIV 0.5s ROLL

CH 1 AC-GND-DC AC

CH 2 AC-GND-DC DC

b. Connect one of the accessory 10X probes to the CH 2
input connector and remove the grasping probe tip.
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c. Connect the output of the function generator to the
probe tip via a 50 © termination and a BNC male-to-minia-
ture-probe-tip adapter.

d. Set the generator output for a 1 Hz sine wave and
adjust the output amplitude control for a 5-division display
amplitude.

e. Switch the CH 2 AC-GND-DC switch to AC.

f. CHECK—ROLL display amplitude is 3.5 divisions or
more peak-to peak.

g. Move the probe from the CH 2 input connector to the
CH 1 input connector.

h. CHECK—ROLL display amplitude is 3.5 divisions or
more peak-to-peak.

i. Disconnect the test setup.

5. Check AVERAGE Mode

a. Set:
VERT MODE CH 1
A SEC/DWV 1 ms
Main MENU Selections
STORE MODE AVERAGE

b. With the AVERAGE Menu displayed, press MENU
button 2 (DECR}) to decrement the number of averages to 8
TIMES (if not already at that setting).

c. CHECK—Number at lower right corner counts down
to 1, then switches to AVG at the end of the count.

d. Recall the AVERAGE Menu using the LAST button (if
it has timed out).

e. CHECK—That the number of times increments to 16,
32, 64, 128, and 256 as the MENU 1 button is pressed to
increase the setting.

f. Decrement the number of averages to 8 TIMES and

set the STORE MODE back to NORMAL.
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6. Check PROCESS Operation

a. Set:
CH 1 VOLTS/DIV (both) 5 mV
AC-GND-DC (both) DC
Main MENU Selection
STORAGE PROCESS

b. Connect a 10 mV standard-amplitude square-wave
signal from the output of the calibration generator to the CH
1 and CH 2 input connectors via a 50 Q coaxial cable and a
dual-input coupler.

c. Adjust the CH 1 and CH 2 Vertical POSITION controls
to place the CH 1 and CH 2 displays at convenient locations
with the graticule area.

d. Switch Channel 1 and Channel 2 AC-GND-DC
switches to GND to acquire a ground reference for calcula-
tions. (Do not reposition the Vertical POSITION controls af-
ter acquiring the ground reference. If repositioning occurs,
reacquire the ground reference.)

e. Set both AC-GND-DC switches back to DC.

f. Select WFM (waveform) processing by pressing
MENU button 1, then press MENU button 1 again to select
CH1 +CH2

g. CHECK—Added waveform amplitude is 4 divisions
+0.24 division (3.76 to 4.24 divisions)

h. Press MENU button 2 to select CH 1 - CH 2.

i. CHECK—Subtracted waveform ampilitude is zero divi-
sion +0.24 division (disregarding transitions spikes).

j- Press MENU button 3 to select CH 1 x CH 2.

k. CHECK—Multiplied waveform amplitude is 4 divi-
sions +0.3 division (3.7 to 4.3 divisions).

I. Press the MENU LAST button to discontinue WFM
processing and disconnect the test equipment from the
instrument.
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m. Connect the output of a leveled sine-wave generator
to the CH 1 input connector via a 50 Q@ precision coaxial
cable and a 50 @ termination.

n. Set:
VERT MODE CH1
SEC/DIV 5us

0. Set the generator frequency for 250 kHz and adjust
the output amplitude for a display of 6 divisions. Use the CH
1 Vertical POSITION control to center the display as
necessary.

p. With the PROCESS Menu displayed, press MENU
button 2 to select PARAMETERS processing, then press
MENU button 1 to select RMS.

g. Set CH 1 AC-GND-DC switch to GND to acquire a
ground reference (readout goes to zero), then set it back to
DC.

NOTE

Do not vertically reposition the channel display after
switching the input coupling back to DC. If this should
occur, reacquire a ground reference before checking
the RMS readout of the signal display.

r. CHECK—RMS readout is 106 mv +0.6 mV
(10.1 mV to 11.2 mV).

s. Press MENU button 2 to select P-P.

t. CHECK—P-P readout is 30 mV =1 mV (29 mV to
31 mv)

u. Press MENU button 3 to select MEAN.

v. CHECK—MEAN readout is 0.0 mvV +06 mV
(—0.6 mV to 0.6 mV).

w. Disconnect the test equipment from the 336.

7. Check TRIG VIEW Deflection Factor Accuracy
a. Set:

VERT MODE TRIG VIEW
DISPLAY MODE NON STORE
SEC/DIV 0.5 ms
TRIGGER
MODE NORM
COUPLING AC
SOURCE EXT

b. Connect a 0.5 V standard-amplitude square-wave sig-
nal from the calibration generator to the EXT TRIG IN con-
nector via a 50 Q precision BNC cable.

c. Use the A TRIG LEVEL control to vertically center the
TRIG VIEW display on the + (plus) SLOPE.

d. CHECK—TRIG VIEW display amplitude is 5 divisions
+0.25 division (4.75 to 5.25 divisions).

e. Set the TRIGGER SOURCE to EXT/10 and switch the
calibration generator output to 5 V.

f. CHECK—Repeats parts ¢ and d for the EXT/10 TRIG
VIEW display.

g. Disconnect the test equipment from the 336.

[R——
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TRIGGERS

Equipment Required (see Table 4-1)

Leveled Sine-Wave Generator (Item 1)
Calibration Generator (ltem 20
Function Generator (ltem 4)

50 @ BNC Coaxial Cable (Iltem 11)

50 @ BNC Termination (Item 13)

10X Attenuator (Item 14)

2X Attenuator (Item 15)

TV Signal Generator (Item 19)
Dual-input Coupler (ltem 20)

NOTE

If starting the Performance Check Procedure at this point, prior to applying power to the 336, verify that the
Nominal Voitage Selector is set to the correct power source voltage. Connect the 336 to an appropriate power
source and apply power to the test equipment and 336. Make the initial 336 control settings as soon as the Power-
on diagnostics routine has completed, and allow a 20-minute warmup period before commencing the adjustments
and checks for maximum accuracy.

INITIAL CONTROL SETTINGS.

Control settings not listed do not affect the initial proce-
dure and will be set when necessary.

Set:

INTENSITY

FOCUS

VERT MODE
VOLTS/DIV (both)
VOLTS/DIV VAR (both)
AC-GND-DC (both)

CH 2 INVERT

Vertical POSITION (both)

DISPLAY MODE
NON STORE
STORE
VIEW

Horizontal Display Mode
Horizontal POSITION

A SEC/DIV

X10 MAG

VAR SWP/HOLDOFF

TRIGGER
MODE

Visible display

Best defined display
DUAL TRACE
o5V

CAL (in detent)

DC

Noninverted (no down
arrow displayed with CH 2
VERT MODE)

Midrange

ON (LED illuminated)
OFF
OFF

A (knob in)

Midrange

10 ms

OFF (indicator unlighted)
CAL/NORM (in detent)

AUTO

SOURCE CH 1
COUPLING AC
A LEVEL For a stable display (with

signal applied)

A SLOPE + (plus)

B MODE Triggerable after delay

B SLOPE + (plus)

B LEVEL Center of the + SLOPE
Main MENU Selections

READOUT ON

TIME OUT SLOW

CURSORS OFF

HORIZ VAR HOLDOFF

TRACE SEP 2.0 DIV

1. Check A and B Internal Trigger Sensitivity

a. Connect the function generator output to CH 1 and
CH 2 input connectors via a 50 Q coaxial cable, a 50 ¢ termi-
nation, and a dual-input coupler.

b. Set the generator output for a sine-wave signal of
30 Hz and set the output amplitude for a 3-division display
amplitude.

c. Set both VOLTS/DIV settings to 5 V to obtain a signal
amplitude of 0.3 division on both channels.

d. CHECK—A and B Trigger Sensitivity.

1. Set the TRIGGER MODE to NORM.
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2. Verify that a stable A Sweep display can be ob-
tained using the A TRIG LEVEL control on both +
and — SLOPE.

3. Set the Trigger SOURCE to CH 2 and repeat
subpart 2.

4. Set the Horizontal Display Mode to ALT (pull
SEC/DIV knob).

5. Verify that a stable B Sweep display (also an inten-
sified zone appears on the A trace) can be ob-
tained using the B TRIG LEVEL control on both +
and — SLOPE. (Adjust the A TRIG LEVEL control
as necessary to maintain a stable A Sweep
display.)

6. Set the Trigger SOURCE to CH 1 and repeat
subpart 5.

7. Set:
Horizontal Display Mode A (push SEC/DIV knob
in)

8. For 50 kHz, 10 MHz, and 50 MHz triggering, set

the TRIGGER COUPLING to DC and repeat
subparts 2 through 7.

e. Set the function generator for an output frequency of
10 Hz and set the TRIGGER COUPLING to DC.

f. CHECK—Repeat part d, subparts 2 through 6.

g. Set:
A SEC/DIV 10 us
VOLTS/DIV (both) 05V
Horizontal Display Mode A (push SEC/DIV knob in)
TRIGGER
MODE AUTO
COUPLING AC
SOURCE CH1

h. Disconnect the coaxial cable from the function gen-
erator and connect it to the leveled sine-wave generator
output.

i. Set the sine-wave generator frequency to 50 kHz and
adjust the output amplitude for signal displays 3 divisions in
amplitude.

j. Set both VOLTS/DIV settings to 5 V.
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k. CHECK—Repeat part d.

I. Increase the generator frequency to 10 MHz, set the A
SEC/DIV setting to 0.1 us, and switch TRIGGER COU-
PLING to AC.

m. CHECK—Repeat part d, subparts 2 through 8.

n. Set
VOLTS/DIV (both) 0.5V
TRIGGER
COUPLING AC
MODE AUTO

o. Increase the generator frequency to 50 MHz and set
the output amplitude for signal displays 3 divisions in
amplitude.

p. Set both VOLTS/DIV settings to 1 V.

q. CHECK—Repeat part d.

2. Check HF REJ and LF REJ COUPLING

a. Set:
TRIGGER
COUPLING HF REJ
MODE NORM

b. CHECK—A stable A Sweep display cannot be ob-
tained at any A TRIG LEVEL setting on either + or —
SLOPE.

c. Set:
VOLTS/DIV (both) 05V
TRIGGER
COUPLING LF REJ

d. Set the leveled sine-wave generator output for 3-
division display amplitudes.

e. Set the VOLTS/DIV settings to 1V.

f. CHECK—A stable A Sweep display can be obtained
using the A TRIG LEVEL control on both + and — SLOPE.

r—



g. Set the Trigger SOURCE to CH 2 and repeat part f.

h. Set the VOLTS/DIV settings to 0.5 V.

i. Set the sine-wave generator output for a 5-division dis-
play at 10 MHz.

j. Set the VOLTS/DIV settings to 5 V and Trigger
SOURCE to CH 1.

k. CHECK—Repeat parts f and g.

[. Set the sine-wave generator to 50 kHz.

m. Set the A SEC/DIV setting to 10 us and Trigger
SOURCE to CH 1.

n. CHECK—Repeat parts f and g.

m. Set the A Trigger COUPLING to HF REJ and Trigger
SOURCE to CH 1

n. CHECK—Repeat part f and g.

0. Set:
VOLTS/DIV (both) 05V
A SEC/DIV 20 ms

p. Disconnect the coaxial cable from the leveled sine-
wave generator output and connect it to the function gen-
erator output.

g. Set the function generator output for a sine-wave sig-
nal of 30 Hz and and adjust the amplitude control for 5-
division displays.

r. Set the VOLTS/DIV settings to 5 V and Trigger
SOURCE to CH 1.

s. CHECK—Repeat parts f and g.

t. Set the Trigger COUPLING to LF REJ.
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u. CHECK-—Repeat part b.

v. Disconnect the test equipment from the 336.

3. Check EXT and EXT/10 Trigger Sensitivity
a. Set:

VERT MODE CH?2
CH 2 VOLTS/DIV 10 mv
TRIGGER
MODE AUTO
COUPLING AC
SOURCE EXT

b. Connect the function generator output to the CH 2
and EXT TRIG IN connectors via a 50 © coaxial cable, a 10X
attenuator, a 2X attenuator, a 50 Q termination, and a dual-
input coupler.

c. Set the function generator for a 7-division display am-
plitude (70 mV peak-to-peak), then set the Trigger MODE to
NORM.

d. CHECK—A stable A Sweep display can be obtained
using the A TRIG LEVEL control on both 4+ and — SLOPE
with both AC and DC Trigger COUPLING.

e. Set:
CH 2 VOLTS/DIV 20 mv
TRIGGER
COUPLING HF REJ

f. Remove the 2X attenuator from the test setup.

g. CHECK—A stable A Sweep Display can be obtained
using the A TRIG LEVEL control on both + and — SLOPE.

h. Set the Trigger COUPLING to LF REJ

i. CHECK—A stable A Sweep Display cannot be ob-
tained using the A TRIG LEVEL control on either 4+ or —
SLOPE.
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j- Set:
TRIGGER
SOURCE EXT/10
COUPLING HF REJ
CH 2 VOLTS/DIV 02V

k. Remove the 10X attenuator from the test setup.

I. CHECK—Repeat part g.

m. Add the 2X attenuator back to the test setup be-
tween the coaxial cable and the 50 Q termination.

n. CHECK—Repeat part d.

0. Move the coaxial cable from the function generator
output connector to the leveled sine-wave generator output
connector.

p. Set:
CH 2 VOLTS/DIV | 0.1V
A SEC/DIV : 10 us.
TRIGGER
MODE AUTO

q. Set the sine-wave generator for a 7-division signal
amplitude at 50 kHz, then set the Trigger MODE to NORM.

r. CHECK—Repeat part d.

s. Set:
CH 2 VOLTS/DIV 02v
TRIGGER
COUPLING HF REJ

t. Remove the 2X attenuator from the test setup.

u. CHECK—Repeat part g.

v. Set:
TRIGGER
SOURCE EXT
CH 2 VOLTS/DIV 20 mvV

w. Add the 10X attenuator to the test setup.

x. CHECK—A stable A Sweep display can be obtained
using the A TRIG LEVEL control in both + and — SLOPE
with both HF REJ and LF REJ COUPLING.

y. Set:
TRIGGER
COUPLING HF REJ
A SEC/DIV 0.1 us

z. Increase the sine-wave generator to 10 MHz.

aa. CHECK—Repeat part i.

ab. Set the Trigger COUPLING to LF REJ.

ac. CHECK—Repeat part g.

ad. Insert the 2X attenuator back into the test setup.

ae. CHECK—Repeat part d.

af. Set:
CH 2 VOLTS/DIV 01V
TRIGGER
SOURCE EXT/10

ag. Remove the 10X attenuator from the test setup.

ah. CHECK—Repeat part d.

ai. Set:
TRIGGER
COUPLING LF REJ
CH 2 VOLTS/DIV 02V

aj. Remove the 2X attenuator from the test setup.

ak. CHECK—Repeat part g.

e



al. Increase the sine-wave generator frequency to
50 MHz.

am. Set:

TRIGGER
SOURCE EXT

CH 2 VOLTS/DIV 01v

an. Set the sine-wave generator output for a 7-division
display amplitude.

ao. CHECK—Repeat part g.

ap. Insert the 2X attenuator back into the test setup.

aq. CHECK—Repeat part d.

ar. Disconnect the test equipment from the 336.

4. Check External Trigger LEVEL Range
a. Set:

CH 2 VOLTS/DIV 1V
SEC/DIV 1ms
TRIGGER
SOURCE EXT
MODE AUTO
COUPLING DC

b. Connect the function generator output to the CH 1
and EXT TRIG IN connectors via a 50 Q coaxial cable, a
50 2 termination, and a dual-input coupler. Set the DC Off-
set control on the function generator for no offset (push
control knob in).

¢. Set the function generator for a sine-wave signal of
1 kHz and adjust the output amplitude for a 3-division dis-
play. Use the CH 1 Vertical POSITION control to center the
display vertically.

d. Set the TRIGGER MODE to NORM.

e. CHECK—Display remains triggered as the TRIG
LEVEL control is rotated to change the trigger point by
+1 V (start of sweep up 1 division and down 1 division from
the center horizontal graticule line).
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f. Repeat part e for the — SLOPE side of the TRIG
LEVEL control.

g. Set:

Horizontal Display Mode ALT (pull SEC/DIV knob to
out position)

A TRIGGER
LEVEL For a stable A Sweep
SLOPE + (plus)

h. CHECK—Repeat parts e and f for the B(DLY’'D) TRIG
LEVEL control.

i. Remove the 50 © termination from the test setup.

j- Set:
CH 2 VOLTS/DIV 5V
Horizontal Display Mode A (SEC/DIV knob in)
TRIGGER
SOURCE EXT/10

k. Rotate the amplitude control on the function genera-
tor to full amplitude to obtain a 2-division display (10 V p-p
open circuit). Pull the DC Offset knob of the function genera-
tor to the out position and rotate it fully counterclockwise
(ccw).

I. Use the CH 2 Vertical POSITION control to align the
positive peaks of the sine wave with the center horizontal
graticule line.

m. CHECK-—Display remain triggered as the TRIG
LEVEL control is rotated to change the trigger point from
—10V to 0 V (start of trace changes from 2 divisions below
center graticule to center graticule).

n. Rotate the DC Offset knob on the function generator
to fully clockwise (cw).

0. CHECK—Display remains triggered as the TRIG
LEVEL control is rotated to change the trigger point from
0V to 10 V (start of trace change from center graticule to 2
divisions above center graticule).

p. CHECK—Repeat part o for the — SLOPE.

g. Rotate the DC Offset knob to fully ccw.
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r. CHECK—Repeat part m for the — SLOPE.

s. Set:

Horizontal Display Mode ALT (SEC/DIV knob to the
out position)

A TRIGGER
LEVEL For a stable A Sweep
SLOPE + (plus)

t. CHECK—Repeats parts m through r for the B (DLY'D)
TRIG LEVEL control.

u. Disconnect the test equipment from the 336.

5. Check TV Trigger Sensitivity

a. Set:
VERT MODE CH1
CH 1 VOLTS/DIV 02V
SEC/DIV 20 us
Horizontal Display Mode A (push SEC/DIV knob in)
TRIGGER
MODE NORM
SOURCE CH 1
COUPLING TV SYNC

b. Connect a source of TV sync-negative composite
video to the CH 1 and EXT TRIG IN connectors via a 50
coaxial cable and a dual-input coupler. (Use a 50 © termina-
tion depending on the generator output impedance.)

c. Adjust the generator output amplitude and use atten-
uators as necessary to obtain a 1.5-division display ampli-
tude of the horizontal sync pulses.

d. CHECK—That stable TV line triggering can be ob-
tained by adjusting the A TRIG LEVEL control (disregard
field pulses moving through the dispiay).

e. Switch the SEC/DIV setting to 5 ms.

f. CHECK—That stable TV field triggering can be ob-
tained by adjusting the A TRIG LEVEL control.

g. Remove attenuators and adjust the generator output
amplitude to obtain a 7.5-division display amplitude of the
horizontal sync pulses.
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h. Set the CH 1 VOLTS/DIV setting to 0.1 V to obtain a
15-division signal amplitude.

i. CHECK—TV field display remains stably triggered.

j- Set the Trigger SOURCE to EXT.

k. CHECK—TV field display remains stably triggered.

I. Set CH 1 VOLTS/DIV setting to 0.2 V.

m. Insert attenuators and adjust the generator output
amplitude as necessary to obtain a 2-division display
amplitude.

n. Set:
SEC/DIV 0.2 ms
TRIGGER
A SLOPE — (minus)
A LEVEL For a stable display

0. CHECK—Display switches to line sync when the
SEC/DIV control is set to 0.1 ms. (Disregard the field pulses
running through the display; the VAR HOLDOFF control
may be adjusted to reduce or eliminate the vertical-sync field
pulses from the display).

p. Set:
A SEC/DIV 0.2 ms
Horizontal Display Mode ALT (pull SEC/DIV knob
out)
B SEC/DIV 20 us

q. CHECK—A stable B Sweep line pulse display can be
obtained by adjusting the B TRIG LEVEL control and that
the A Sweep display remains stably triggered on the field
pulse.

r. Disconnect the test equipment from the 336.

6. Check Storage Acquisition Window
a. Set:
CH 1 VOLTS/DIV 1V

A SEC/DIV 0.1 ms




Horizontal Dispiay Mode A (SEC/DIV knob in)

DISPLAY MODE STORE
TRIGGER
MODE NORM
COUPLING AC
SOURCE CH 1
SLOPE + (plus)
LEVEL For a triggered display

with signal applied

Main MENU Selections

ACQ WINDOW PRE TRIG

b. Connect the function generator output to the CH 1
input connector via a 50 Q coaxial cable and a 50 Q
termination.

c. Set the function generator for a positive-going pulse
output at 100 Hz. Adjust the generator output amplitude
control for about a 5-division display. Set the function gen-
erator DC Offset control for no offset (press DC Offset con-
trol knob in).

d. Use the Horizontal POSITION control to align the
start of the trace with the first vertical graticule line.

e. CHECK—Rising edge of the pulse is near the 9th ver-
tical graticule line.

f. Set the ACQ WINDOW to MID TRIG (STORE trace is
dimmed while the ACQ WINDOW Menu is displayed).

g. CHECK—Rising edge of the pulse is near the center
vertical graticule line.

h. Set the ACQ WINDOW to POST TRIG.

i. CHECK—Rising edge of the pulse is near the 2nd ver-
tical graticule line.

j. Disconnect the coaxial cable from the function genera-
tor and connect it to the fast-rise (1) output of the calibra-
tion generator.
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7. Check Trigger Jitter

a. Set:
CH 1 VOLTS/DIV 01V
TRIGGER
LEVEL For a triggered display

with a signal applied

b. Set the calibration generator frequency for a 1 kHz
signal and adjust the output amplitude control to obtain
about a 5-division display amplitude.

¢. Use the Horizontal POSITION control to move the ris-
ing edge of the waveform to the center vertical graticule line.

d. Press in the X10 MAG button and use the Horizontal
POSITION control to align the rising edge of the magnified
display with the center vertical graticule line.

e. CHECK—Jitter of the rising edge of the waveform is
approximately +0.1 division horizontally.

f. Set:
DISPLAY MODE NON STORE
A SEC/DIV 10 ns (with X10 MAG on)

g. Disconnect the coaxial cable from the calibration gen-
erator and connect it to the output of the leveled sine-wave
generator.

h. Set the sine-wave generator for an output frequency
of 50 MHz and adjust the amplitude controls for about a
5-division display amplitude.

i. Use the Horizontal POSITION control to align the ris-
ing edge of one of the sine-wave cycles with the center verti-
cal graticule line.

j. CHECK—Jitter on the rising edge of the waveform is
+0.1 division or less.

k. Disconnect the test equipment from the 336.
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HORIZONTAL

Equipment Required (see Table 4-1)

Time Mark Generator (ltem 3)

Test Oscilloscope (Item 6)

50 @ BNC Coaxial Cable (Item 11)

50 Q Precision BNC Coaxial Cable (ltem 12)
50 @ BNC Termination (Item 13)

NOTE

If starting the Performance Check Procedure at this point, prior to applying power to the 336, verify that the
Nominal Voltage Selector is set to the correct power source voltage. Connect the 336 to an appropriate power
source and apply power to the test equipment and 336. Make the initial 336 control settings as soon as the Power-
on diagnostics routine has completed, and allow a 20-minute warmup period before commencing the checks for

maximum accuracy.

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-
dure and will be set when necessary.

Set:
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INTENSITY

FOCUS

VERT MODE

CH 1 VOLTS/DIV
VOLTS/DIV VAR (both)
AC-GND-DC (both)
Vertical POSITION (both)
DISPLAY MODE
Horizontal Display Mode
Horizontal POSITION
SEC/DIV

X10 MAG

VAR SWP/HOLDOFF

TRIGGER

MODE
SOURCE
COUPLING
A LEVEL

A SLOPE
B LEVEL

Visible display

Best defined display
CH1

05V

CAL (in detent)

DC

Midrange

NON STORE

A (SEC/DIV knob in)
Midrange

0.1 us

OFF

CAL/NORM (in detent)

AUTO

CH 1

AC

For a stable display (with
signal applied)

+ (plus)

RUNS AFTER DELAY

Main MENU Selections

READOUT ON

TIME OUT SLOW
STORE MODE NORMAL
CURSORS OFF
HORIZ VAR SEC/DIV
TRACE SEP 2.0 DIV

1. Check A and B NON STORE Timing Accuracy
and Linearity

a. Connect the output of the time-mark generator to the
CH 1 input connector via a 50 Q coaxial cable and a 50 Q
termination.

b. Set the time-mark generator for 0.1 us time markers.

¢. Use the CH 1 Vertical POSITION control to place the
tips of the time markers at the center horizontal graticule
line (for ease in determining timing from the graticule
markings).

d. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd vertical graticule line. (Maintain
alignment of the 2nd time marker with the 2nd vertical grati-
cule line when checking the timing accuracy at all sweep
speeds.)

e. CHECK—Timing accuracy at the 10th graticule line is
within 2% (0.2 division) and linearity between any 2 divisions
of the center 8 divisions is within 4% (0.08 division)




f. Change the SEC/DIV setting and the time-mark gen-
erator setting, one step at a time, to maintain 1 time marker

y  per division, and repeat parts d and e for each sweep speed

! (up to 0.2 s for the A Sweep and 50 ms for the B Sweep).

NOTE

At the slower sweep speeds, 50 ms per divisions and
slower, the TRIGGER MODE should be set to NORM
to prevent the AUTO trigger from being generated.
This ensures that the sweep is triggered on the ap-

plied signal.

g. Set:
CH 1 VOLTS/DIV 05V
SEC/DIV 0.1us

Horizontal Display Mode ALT (SEC/DIV knob out)

Delay Time Position Minimum delay (press left
DLY TIME/CURSOR but-
ton until delay time readout

stops changing)

h. Set the time-mark generator for 0.1 us time markers.

l i. Use the CH 1 Vertical POSITION control to align the
’ tips of the time markers displayed on the B Sweep with the
center horizontal graticule line (for ease in checking timing).

j. CHECK—Repeat parts d, e, and f to check the B
Sweep timing accuracy and 2-division linearity.

NOTE

At the slower A SEC/DIV settings, the A Sweep trace
may be removed from the display to eliminate the
flicker due to sweep switching while making the actual
timing accuracy check. Rotate the SEC/DIV knob
counterclockwise 1 click to set the A SEC/DIV 1 set-
ting slower than the B SEC/DIV setting that the mea-
surement is to be made on. Then, rotate the SEC/DIV
knob back to the correct B SEC/DIC setting and press
in the SEC/DIV knob to obtain the B Delayed Sweep
only. After making the check, pull the SEC/DIV knob
out to set the new sweep speed settings for the next
check.

k. Set:
Horizontal Display Mode A (SEC/DIV knob in)
A SEC/DIV 0.1 us (with X10 MAG off)
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I. Set the time-mark generator for 20 ns time markers
and press in the X10 MAG button on the front panel of the
336 (1 time marker per 2 divisions).

m. Use the Horizontal POSITION control to align a dis-
played time marker with the 2nd vertical graticule line. (The
first and last 50 ns of the 10 ns and 20 ns per division
sweeps are excluded from the timing accuracy and 2-
division linearity checks.)

n. CHECK—Magnified timing accuracy at the 10th verti-
cal graticule line is within 3% (within 0.3 division) and linear-
ity between any 2 divisions of the center 8 divisions is within
5% (within 0.1 division).

0. Change the SEC/DIV setting and the time-mark gen-
erator setting, one step at a time, to maintain 1 time marker
per division for the remaining sweep speeds, and repeat
parts m and n for each sweep speed (up to 20 ms for the A
Sweep and 5 ms for the B Sweep).

p. Set the time-mark generator for 20 ns time markers.

g. Set:
SEC/DIV 10 ns (with X10 MAG on)
Horizontal Display Mode ALT (pull SEC/DIV knob
out)
A TRIGGER
LEVEL For a stable display

r. CHECK—Repeat parts m, n, and o for the B Magni-
fied timing accuracy and 2-division linearity checks.

2. Check Storage Timing Accuracy

a. Set:
X10 MAG Off (button unlighted)
A SEC/DIV 0.2 s (with X10 MAG off)
CH 1 AC-GND-DC GND
Horizontal Display Mode A (push SEC/DIV knob in})
TRIGGER
MODE AUTO
DISPLAY MODE STORE

b. Turn on the CURSORS (press MENU ON/OFF,
MENU 1, MENU 4).

4-19



Performance Check Procedure—336 Service

¢. Use the Horizontal POSITION control to align the
start of the trace with the 1st vertical graticule line.

d. Use the DLY TIME/CURSOR buttons to align one
cursor dot exactly with 2nd vertical graticule line.

e. Press MENU button 1 to activate the second cursor
and position it to the left for a time difference readout of
1.600 s.

f. CHECK—Graticule indication of cursor difference at
the 10th graticule line is accurate within 2% (0.2 division).

g. Change the SEC/DIV setting, one step at a time, and
repeat part f for each sweep speed. Use the Horizontal PO-
SITION control as necessary to keep the 1st cursor dot
aligned with the 2nd vertical graticule line.

h. Set the time-mark generator for 0.1 us time markers
and set the CH 1 AC-GND-DC switch to DC.

i. Set the SEC/DIV setting to 0.1 us and turn the
CURSORS mode off (press MENU button 2).

j- Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd vertical graticule line.

k. CHECK—Equivalent-time sampling accuracy is within
3% (0.3 division) at the 10th vertical graticule line.

I. Change the SEC/DIV setting and time-mark generator
setting, one step at a time, to maintain 1 time marker per
division, and repeat parts j and k for A Sweep speed
settings down to 50 us per division (the end of the equiva-
lent-time sampling region).

3. Check Delay Time Differential Accuracy
a. Set:
CH 1 VOLTS/DIV 1V
SEC/DIV (both) 0.1 us
DISPLAY MODE NON STORE
Horizontal Display Mode ALT (SEC/DIV knob out)

DLY TIME Minimum (press left DLY

TIME/CURSOR  position
button until readout stops
changing)
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b. Set the time-mark generator for 0.1 us time markers
and use the CH 1 vertical POSITION control to position the
tips of the time markers displayed by the B Sweep near the
center horizontal graticule line.

¢. Use the Horizontal POSITION control to align the 2nd
time marker on the B Sweep with a reference vertical grati-
cule line. (The 1st time marker may not be completely visible
on the B Sweep trace, therefore, at the faster A Sweep
speeds the 2nd vertical graticule line makes a convenient
reference line.)

d. Press both DLY TIME/CURSOR position buttons at
the same time and release to zero the delay time readout.
Use the Horizontal POSITION control to realign the time
marker with the reference graticule line as necessary.

e. Press the right DLY TIME/CURSOR button to posi-
tion the 10th time marker to the reference vertical graticule
line (8-division spacing between the 2nd and 10th time
markers). The correct delay for an 8-divisions spacing is
given in column 3 of Table 4-4.

f. CHECK—Delay time readout is within the limits given
in Table 4-4, column 4 (Delay Readout Limits).

g. Using the remaining time-mark generator and B
SEC/DIV switch settings given in Table 4-4, check the 8-
division delay time accuracy for each A SEC/DIV switch set-
ting given in column 1 of the table.

NOTE

When switching the A SEC/DIV switch setting to the
next slower sweep speed, use the following
procedure.

1. Rotate the SEC/DIV knob ccw to obtain the next
slower A SEC/DIV setting to be checked.

2. Rotate the SEC/DIV knob cw to obtain the next B
SEC/DIV setting to be used.

At the slower A SEC/DIV settings, the A Sweep frace
may be removed from the display to eliminate the
flicker due to sweep switching while making the actual
timing accuracy check. Simply press in the SEC/DIV
knob to obtain the B Delayed Sweep only. After mak-
ing the check, pull the SEC/DIV knob out again to set
the new sweep speed settings for the next check.



NOTE

Some setup time for each check may be saved by

! alternately checking the delay from the 2nd time
marker to the 10th; then, at the next slower A

! SEC/DIV switch setting to be checked, from the 10th
time marker back to the 2nd time marker. Zero the

delay-time readout and align the starting time marker
with the reference graticule to start at either end of the

delay.

h. Disconnect the test equipment from the 336.

Table 4-4

Differential Timing Accuracy

; Time-Mark B Eight Delay
| Generator | SEC/DIV | Division Readout
And Setting Delay Limits
A SEC/DIV
Settings
0.1 us 0.1us 800 ns 787 ns to 813 ns
; 0.2 us 0.1 us 1.600 us 1.574 us to 1.626 us
! 0.5 us 0.1 us 4.000 us 3.935 us to 4.065 us
1us 0.1us 8.00 us 7.87 us to0 8.13 us
i “ 2us 0.2 us 16.00 us 15.74 us t0 16.26 us
“ 5us 0.5 us 40.00 us 39.35 us to 40.65 us
10 us 1us 80.0 us 78.7 us to 81.3 us
20 us 2 us 160.0 us 157.4 us to 162.6 us
50 us 5us 400.0 us 393.5 us to 406.5 us
0.1 ms 10 us 800 us 787 us to 813 us
0.2ms 20us | 1.600 ms | 1.574 ms to 1.626 ms
0.5ms 50 us | 4.000 ms | 3.935 ms to 4.065 ms
1ms 0.1 ms 8.00 ms 7.87 ms to 8.13 ms
2ms 0.2ms | 16.00 ms | 15.74 ms to 16.26 ms
5ms 05ms | 40.00 ms | 39.35 ms to 40.65 ms
10 ms 1ms 80.0 ms 78.7 ms to 81.3 ms
20 ms 2ms 160.0 ms | 157.4 ms to 162.6 ms
50ms @ 5ms | 400.0 ms | 393.5 ms to 406.5 ms
0ts @ 10 ms 800 ms 787 ms to 813 ms
02s ® 20 ms 1.600 s 1.574st0 1.626 s

aSet A Trigger MODE to NORM.

4. Check X-Axis Gain

a. Connect the standard amplitude output of the calibra-

tion generator to the CH 1 OR X input via a 50 Q Precision
coaxial cable.
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b. Set the calibration generator for a 20 mV standard-
amplitude square-wave signal.

c. Set:
SEC/DIV 1 ms
VERT MODE DUAL TRACE
VOLTS/DIV (both) 5mvV
Horizontal Display Mode A (push SEC/DIV knob in)
Horizontal POSITION Midrange

d. Set the Storage Display to X-Y (press MENU ON/
OFF, MENU 1, MENU 3, MENU 2).

e. Use the CH 1 Vertical POSITION control to align the
end of the trace with a convenient vertical graticule line as a
measurement reference point.

NOTE

The Horizontal POSITION control should be set to
midrange to give the CH 1 POSITION control full
range for the STORE X-Y display.

f. CHECK—Storage X Axis for a horizontal display of 4
divisions +0.2 division.

g. Set the Storage Display back to TIME (press MENU
LAST, MENU 1).

h. Set:
CH 1 VOLTS/DIV 5mv
DISPLAY MODE NON STORE
SEC/DIV X-Y (SEC/DIV knob ccw to
X-Y)

i. Set the calibration generator for a 20 mV standard-
amplitude signal.

j. Use the CH 1 Vertical POSITION control to center the
trace horizontally, and use the CH 2 Vertical POSITION con-
trol to align the trace vertically with the center horizontal
graticule line.

k. CHECK—X-Axis (horizontal) display amplitude is 4
divisions +0.16 division (3.84 to 4.16 divisions).
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I. Disconnect the test equipment from the 336.

5. Check X-Axis Bandwidth

a. Connect the leveled sine-wave generator output to
the CH 1 OR X input connector via a 50 Q Precision BNC
cable and a 50 Q termination.

b. Set the generator frequency to 50 kHz and adjust the
output amplitude for a 6-division X-Axis (horizontal) display.

¢. Increase the generator frequency to 1 MHz.

d. CHECK—X-Axis display is at least 4.2 divisions fong.

e. Move the coaxial cable from the output of the leveled
sine-wave generator to the output of the time-mark
generator.

6. Check VAR SEC/DIV Range

a. Set:
VERT MODE CH 1
CH 1 VOLTS/DIV 05V
SEC/DIV 0.1ms
TRIGGER
MODE AUTO

b. Set the generator for 0.1 ms time markers (1 time
marker per division).

¢. CHECK—Number of time markers per divisions in-
creases to at least 5 markers per 2 divisions as the VAR
SWP/HOLDOFF control is rotated counterclockwise.

d. Return the VAR SWP/HOLDOFF control to the detent
position (fully clockwise).

7. Check Delay Time Jitter

a. Set:
Horizontal Display Mode ALT (pull SEC/DIV knob
out)
A SEC/DIV 1ms
B SEC/DIV 1us
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Delay Time Position Minimum delay (press left
DLY TIME/CURSOR posi-
tion button until delay

readout stops changing)

b. Set the time-mark generator for 0.1 ms time markers.

c. Use the Horizontal POSITION control to align start of
the A Sweep with the first vertical graticule line.

d. Press in the SEC/DIV knob to obtain a display of the
B Sweep only, and use right the DLY TIME/CURSOR posi-
tion button to move the rising edge of the 1st time marker to
the center vertical graticule line. Adjust the INTENSITY con-
trol as necessary to view the trace.

e. CHECK—Delay time jitter is 1 division or less horizon-
tal movement of the rising edge of the time marker.

f. Press and release both DLY TIME/CURSOR position
buttons at the same time to zero the delay time readout,
then pull the SEC/DIV knob out for ALT Horizontal Display.

g. Set the delay time to 8.0 ms, then press the SEC/DIV
knob back in for a B Sweep display only.

NOTE

At the amount of magnification displayed by the B
Sweep display, the difference between delay-time po-
sitioning resolution and delay-time readout resolution
becomes a factor in determining the exact position of
the time marker rising edge.

h. Set the Delay Time Position as necessary to view the
rising edge of the time marker near the graticule center.

i. CHECK—Repeat part g.

j. Disconnect the test equipment from the 336.

8. Check TRACE SEP Operation
a. Set:

Horizontal Display Mode Alt (pull SEC/DIV knob
out)



A SEC/DIV 1ms
B SEC/DIV 0.1 ms
INTENSITY For normal viewing

b. Use the CH 1 Vertical POSITION control to align the
B Sweep trace with the center horizontal graticule line.

c. Press MENU ON/OFF, MENU 3, then MENU 2 to ob-
tain the TRACE SEP Menu display.
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d. Press MENU button 2 to decrement the trace separa-
tion between the A Sweep and the B Delayed Sweep.

e. CHECK—Each decrement decreases the trace sepa-
ration by approximately 0.5 division and at 0.0 DIV separa-
tion, the traces are overlayed.

NOTE

The TRACE SEP Menu display times out. To recall it if
it times out before you have completed the check,
simply press the MENU LAST button.
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EXTERNAL Z-AXIS, CALIBRATOR, AND CHART OUT

X-Y Plotter (Item 8)

Equipment Required (see Table 4-1)

Calibration Generator (ltem 2)
Test Oscilloscope with Probes (ltem 6)

50 @ Precision BNC Coaxial Cable (Iltem 12)
Dual-input Coupler (item 19)

NOTE

If starting the performance check procedure at this point, prior to application of power to the instrument, verify that
the Nominal Voltage Selector is set for the correct ac source voltage. Connect the 336 to an appropriate power
source and apply power to the instrument and test equipment. Make the initial control settings upon completion of
the Power-on diagnostics routine, and allow a 20-minute warmup period before commencing the adjustments and
checks for maximum accuracy.

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-
dures and will be set when needed.

Set:
INTENSITY
FOCUS
VERT MODE
CH 1 VOLTS/DIV
AC-GND-DC (both)
Vertical POSITION

DISPLAY MODE
NON STORE
STORE
VIEW

Horizontal Position
Horizontal Display
SEC/DIV

VAR SWP/HOLDOFF

TRIGGER
MODE
SOURCE
COUPLING
A SLOPE
A LEVEL
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Visible display

Best defined display
CH 1

1V

AC

Midrange

On (LED illuminated)
off
off

Midrange

A (SEC/DIV knob in)
0.5ms

CAL/NORM (in detent)

AUTO

CH1

AC

+ (plus)

For a stable display with
signal applied

Main MENU Selections

READOUT ON
TIMEOUT SLOW
STORE MODE NORMAL

1. Check External Z-Axis input (NON STORE
Mode only)

a. Connect the output of the calibration generator to the
CH 1 and EXT Z-AXIS IN input connectors via a 50 2 BNC
coaxial cable and a dual-input coupler.

b. Set the calibration generator output for a 5V
standard-amplitude square-wave signal.

¢. CHECK—Top half of signal is blanked, and blanking
starts at approximately 3 volts (3 divisions from the negative
peak).

d. Disconnect the test equipment from the 336.

2. Check Calibrator Output

a. Set the test oscilloscope for a Volts/Div of 0.1 V (with
10X probe attached) and a Sec/Div of 1 ms. (The 336 may
be used as the test oscilloscope.)

b. Connect the probe ground lead to chassis ground on
the 336. Remove the grasping probe tip and place the
pointed probe tip in the CAL OUT jack.



While the probe tip is in the CAL OUT jack, use care
not to place excessive side force on the probe body. It
is possible to break off the probe tip if care is not
taken.

¢. CHECK—Calibrator output waveform is a 0.3V p-p
square-wave signal with a frequency of approximately
1 kHz.

d. Disconnect the test equipment from the 336.

3. Check CHART OUT Operation

a. Set:
CH 1 VOLTS/DIV 1V
SEC/DIV 0.5 ms
DISPLAY MODE
NON STORE Off
STORE On
VIEW Off

b. Connect the output of the function generator to the
CH 1 input connector via a 509 cable and a 50Q
termination.

c. Set the function generator for a 1 kHz sine-wave sig-
nal and adjust the output amplitude for a 5-division display.

d. Press the ENTER button to store the displayed
waveform.
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e. Set the DISPLAY MODE to VIEW.

f. Connect the appropriate cables of the X-Y Plotter to
the X, Y, and SIG GND connectors on the 336 right side
panel.

g. Select the CHART Menu (use the Menu diagram in
the front-cover to determine the selection path).

h. Press MENU button 3 to obtain the X-Y Plotter cali-
bration voltage at the X and Y output connectors and apply
power to the X-Y Plotter.

i. Adjust the X-Y Plotter sensitivity to calibrate the plot to
the 336 crt graticule. Successive presses of the CAL button
(MENU 3) switch the calibration voltages between full upper
right and full lower left corner deflection of the 336 crt grati-
cule. (Refer the X-Y Plotter Operator's Manual for its
operation.)

j- When the X-Y Plotter is calibrated, lift the plotting pen
and install a new graph paper (if desired).

k. With the plot pen still up, press MENU button 1 (FAST
START) to commence the plot. When the pen reaches the
starting point, lower it to draw the waveform. At the end of
the piot, lift the pen. (Approximately 7 seconds is allowed for
all pen lifting and pen lowering movements.)

. CHECK—The waveform plotted corresponds to the
waveform displayed by the 336.

m. Disconnect the X-Y Plotter and test equipment from
the 336.
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ADJUSTMENT PROCEDURE

INTRODUCTION

IMPORTANT—PLEASE READ BEFORE USING THIS PROCEDURE

The Adjustment Procedure is used to return the instrument to conformation with its Performance Requirements as listed in

the “Specification” (Section 1).

LIMITS AND TOLERANCES

The limits and tolerances listed in this Adjustment Proce-
dure are instrument specifications only if they are listed in
the “Performance Requirements” column of the “Specifica-
tion” (Section 1). Tolerances given are for the instrument
undergoing calibration and do not include test equipment
error. Calibration (adjustment) of the instrument must be ac-
complished at an ambient temperature between +20°C and
+30°C, and the instrument must have had a warmup pe-
riod of at least 20 minutes.

ADJUSTMENT INTERVAL

To ensure accuracy, readjust instruments after every
2000 hours of operation or once a year, if used infrequently.
A more frequent interval may be necessary if your instru-
ment is subjected to severe usage or harsh environments.
Adjustments should be performed only after the checks in
the “Performance Check Procedure” have indicated a need
for readjustment of the instrument.

TEST EQUIPMENT REQUIRED

The test equipment listed in Table 4-1 (in Section 4) is a
complete list of the equipment required to accomplish both
the “Adjustment Procedure” in this section and the “Perfor-
mance Check Procedure” in Section 4. Test equipment
specifications described in Table 4-1 are the minimum nec-
essary 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, re-
fer 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, check the “Minimum Specification” col-
unn to determine if any other available test equipment
might suffice to perform the check or adjustment.

PARTIAL PROCEDURES

This procedure is structured in subsections to permit ad-
justment of individual sections of the instrument (except the
power supply) whenever a complete readjustment is not re-
quired. 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 adjust-
ments 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 suc-
ceeding step within a subsection should then be performed
both in the sequence presented and in its entirety to ensure
that control settings will be correct for ensuing steps.

INTERNAL ADJUSTMENTS AND
ADJUSTMENT INTERACTION

Do not preset any internal controls prior to performing
the Adjustment Procedure. Doing so may necessitate a
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complete readjustment of the instrument, when only a par-
tial readjustment might otherwise have been needed. 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 for possible
interaction that may require adjustment of other controls.

Specific interactions are called out within certain adjust-
ment steps to indicate that the adjustments must be re-
peated until no further improvement is noted.

PREPARATION FOR ADJUSTMENT

It is necessary to remove the instrument cabinet to per-
form the Adjustment Procedure. See the “Cabinet” removal
instructions located in the “Maintenance” section of this
manual.

Before performing this procedure, ensure that the inter-
nal Line Voltage Selection jumper is set for the ac-power-
source voltage being used. This procedure is written to
accommodate either nominal ac-power-source range used
(115 Vac or 230 Vac). If a choice of source voltage is avail-
able, then power supply regulation may be checked on both
ranges for testing purposes.

All test equipment items required to accomplish a com-
plete Adjustment Procedure are described in Table 4-1 at
the beginning of Section 4, “Performance Check Proce-
dure.” 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 336 to a variable autotrans-
former through an isolation transformer (items 9 and 10 in
Table 4-1) that is set for the nominal ac-power-source volt-
age available. (Items 9 and 10 in Table 4-1 are for a nominal
115 V source voltage. If a 230 V source voltage is used,
appropriate substitutions must be made.) Apply power and
allow a 20-minute warmup period before commencing any
adjustments.

Display

The most accurate display adjustments are made with a
stable, well-focused, low-intensity display. Unless otherwise
noted in a procedure step, adjust the INTENSITY, FOCUS,
and TRIGGER LEVEL controls as needed to view the
display.
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POWER SUPPLY AND DISPLAY

Equipment Required (see Table 4-1)

Time-Mark Generator (ltem 3)
Function Generator (ltem 4)
Digital Multimeter (Iltem 5)
Variable Autotransformer (ltem 9)

Isolation Transformer (Iltem 10)

50 @ BNC Coaxial Cable (Item 11)
50 @ BNC Termination (Item 13)
Alignment Tool (Item 17)

See

at the rear of this manual for location of adjustments and test points.

NOTE

Prior to applying power to the 336, verify that the Nominal Voltage Selector is set to the correct power source
voltage. Connect the 336 to an appropriate power source via an autotransformer and an isolation transformer.
Apply power to the instrument and test equipment. Make the initial 336 control settings as soon as the Power-on
diagnostics routine has completed, and allow a 20-minute warmup period before commencing the adjustments and

checks for maximum accuracy.

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-
dure and will be set when necessary.

Set:
INTENSITY Minimum
FOCUS Midrange
NOTE

Performing the adjustment of Step 1 will normally re-
quire a complete adjustment of the instrument. If that
is not intended, do not make the adjustment unless
the +5 V falls outside of its specification during the
regulation check of Step 2.

1. Adjust +5 V Digital Power Supply (A13R167)

a. Connect the digital voltmeter — (minus) lead to
A4TP110 and connect the + (plus) lead to A4TP100.

b. ADJUST—+5 V, Adj A15R167 for a digital voltmeter
reading of +5.00 V.
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NOTE

The checks in Step 2 require the availability of both
115 V and 230 V nominal source voltage supplies to
complete fully. If only one source voltage is available,
check the power supply regulation at that voltage
only.

2. Check Power Supply Regulation
a. Vary ac input voltage from 90 V to 132 V.

b. CHECK—Digital Voltmeter reading remains at 5V
+3% (4.85 V to 5.15 V) as the source voltage is varied be-
tween the limits in part a.

¢. Turn off the instrument power and unplug the power

cord.

The power supply filter capacitors retain a charge for
a short period of time after the power is turned off.
Use care not to come in contact with exposed con-
nections when moving the Nominal Voltage Selector.




d. Remove the top cover from the power supply module
to gain access to the Nominal Voitage Selector. Move the
selector plug (A13P50) to the 230V nominal voltage
position.

e. Set the ac source voltage for 230 V. Reconnect the
power cord to the instrument and turn the 336 on.

f. Vary ac input voltage from 180 V to 250 V.

g. CHECK—Digital Voltmeter reading remains at 5V
+3% (4.85 V to 5.15 V) as the source voltage is varied
between the limits in part f.

h. Turn off the instrument and unplug the power cord.
Return the Nominal Voltage Selector and the ac input
source voltage to 115 V (or leave them both set for 230 V
operation if that is the local nominal ac source voltage) and
replace the power supply top cover. Apply power to the
instrument.

3. Adjust CRT Grid Bias (A15R40)

a. Set:
A SEC/DIV Clockwise to X-Y Mode
INTENSITY Visible display
FOCUS Best focused display

b. Connect the Digital Voltmeter + (plus) lead to the col-
lector of Q660 (located on Horizontal Output board A12);
minus lead remains on chassis ground. The coilector lead of
Q660 is the center lead of the transistor and is not marked.

¢. Use the Channel 1 and Channel 2 Vertical POSITION
controls to center the dot.

d. Set the INTENSITY control for a +25 V reading on
the Digital Voltmeter.

e. ADJUST—CRT Grid Bias A15R40 for a visible dot,
then back off on the adjustment until the dot just
disappears.

f. Disconnect the Digital Voltmeter leads from the 336.
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4. Adjust STORE Display Intensity (A1R920)
a. Set:

A and B SEC/DIV 1ms
VERT MODE CH2
AC-GND-DC (both) GND

VAR SWP/HOLDOFF CAL/NORM (in detent)
Horizontal Dispiay Mode A (knob in)

TRIGGER
SOURCE CH2
COUPLING AC
MODE AUTO
A SLOPE + (plus)
DISPLAY MODE
STORE ON (LED illuminated)
NON STORE OFF
VIEW OFF
Vertical POSITION Midrange
Horizontal POSITION Midrange

FOCUS Best focused display
Main MENU Selections
STORE MODE NORMAL
READOUT ON
TIMEOUT NORMAL

b. ADJUST—STORAGE INTENSITY A1R920 for best
viewing intensity of STORE trace display.

NOTE

Storage trace intensity is reduced when many of the
menus displays are called up (for ease in viewing the
choices). Depending on the STORAGE INTENSITY
adjustment, the trace will be either just visible or com-
pletely blanked at those times.

5. Adjust Readout Intensity (A1R924)
a. Set:

Main MENU Selection
SETTINGS On

b. ADJUST—Readout Intensity (A1R924) for the best
viewing intensity of crt readout.
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6. Adjust TRACE ROTATION (A1R926)
a. Set:
DISPLAY MODE

STORE OFF
NON STORE ON (LED illuminated)
VIEW OFF

INTENSITY Visible trace

b. Use the CH 2 POSITION control to position the auto
baseline trace to the center horizontal graticule line.

¢. ADJUST—TRACE ROTATION (A1R926) to align the
baseline trace with the center horizontal graticule line.

7. Adjust Astigmatism (A15R150)

a. Set
DISPLAY MODE
STORE OFF
NON STORE OFF
VIEW OFF

b. Press in the MENU ON/OFF and LAST push buttons
at the same time. Hold in both buttons momentarily and
release together.

¢. Press the TRIGGER RESET button to initialize the
diagnostics, then press MENU button 3 to obtain a full
screen display of all characters.

d. ADJUST—Astig potentiometer A15R150 in conjunc-
tion with front-panel FOCUS control for the best-defined
display over the entire crt viewing area.

e. Press the MENU ON/OFF and the LAST push button
in together and release to return the instrument to normal
operation.

8. Adjust Geometry (A15R160)

NOTE

This adjustment has considerable effect on horizontal
deflection of the crt and must be completed prior to
attempting to adjust the horizontal timing.
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a. Set:

DISPLAY
NON STORE ON (LED illuminated)
STORE OFF
VIEW OFF

CH 1 AC-GND-DC DC

CH 2 VOLTS/DIV 10 mvV

SEC/DIV 0.2 ms

b. Apply 0.2 ms time markers from the time-mark gen-
erator to the CH 1 OR X input connector via a 50 Q coaxial
cable and a 50 Q termination.

c. Set the CH 1 Vertical POSITION control fully ccw and
use the Horizontal POSITION control to align the time mark-
ers with the vertical graticule lines.

d. ADJUST—Geometry potentiometer A15R160 for 0.1
division or less horizontal bowing of the time markers at the
right-most and left-most vertical graticule lines.

e. Disconnect the test equipment from the 336.

9. Check Z-Axis Compensation

a. Set:

VERT MODE CH2

X10 MAG ON (button lighted)

A SEC/DIV 0.1 us (10 ns with X10
MAG on)

CH 2 VOLTS/DIV 0.1V

CH 2 POSITION Midrange

CH 2 AC-GND-DC DC

b. Connect a 1 MHz positive-going fast-rise signal from
the calibration generator to the CH 2 OR Y input via a 50 Q
BNC coaxial cable and a 50 © termination, and set the gen-
erator output amplitude for a 4-division step display.

c. Set the A TRIGGER LEVEL control to the center of
the plus (+) SLOPE region and rotate the INTENSITY con-
trol to fully cw.

d. Use the Horizontal POSITION control to position the
start of the sweep within the graticule viewing area.




)

e. CHECK—That the low-level portion of the display
prior to the rising edge of the fast-rise signal is at least 2
horizontal divisions.
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f. Turn off the X10 MAG and return the INTENSITY con-
trol to the proper brightness for normal viewing.

g. Disconnect the test equipment from the 336.
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VERTICAL

Equipment Required (see Table 4-1)

Leveled Sine-Wave Generator (Item 1)
Calibration Generator (Item 2)
Function Generator (ltem 4)

Isolation Transformer (Item 10)

50 @ BNC Cable (2 required) (Item 11)
50 Q Precision BNC Cable (Item 12)

50 © Termination (Item 13)

50 @ 10X Attenuator (Item 14)

Adapter BNC male-to-miniature probe tip (Iltem 16)
Alignment Tool (Item 17)

10X Oscilloscope Probe (Item 18)

Dual-input Coupler (item 20)

See

at the rear of this manual for location of test points and adjustments.

NOTE

If starting the adjustment procedure at this point, prior to applying power to the 336, verify that the Nominal
Voltage Selector is set to the correct power source voltage. Connect the 336 to an appropriate power source via
an isolation transformer. Apply power to the instrument and test equipment. Make the initial 336 control settings
as soon as the Power-on diagnostics routine has completed, and allow a 20-minute warmup period before com-
mencing the adjustments and checks for maximum accuracy.

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-
dure and will be set when needed.

Set:
INTENSITY Visible display
FOCUS Best defined display
VERT MODE DUAL TRACE
VOLTS/DIV (both) 5mv
VOLTS/DIV VAR (both)  CAL (in detent)
AC-GND-DC (both) GND
CH 2 INVERT Noninverted (no down ar-

row displayed)
Vertical POSITION (both) Midrange
DISPLAY MODE

ON STORE ON (LED illuminated)
STORE OFF
VIEW OFF

Horizontal Display A (SEC/DIV knob in)
Horizontal POSITION Midrange
SEC/DIV 0.5 ms

VAR SWP/HOLDOFF CAL/NORM (in detent)

TRIGGER
MODE AUTO
SOURCE CH 2
COUPLING AC
A LEVEL For a stable display
(with signal applied)
A SLOPE + (plus)
MAIN MENU Selections
READOUT ON
TIMEOUT SLOW
HORIZ VAR SEC/DIV
ACQ WINDOW POST TRIG

1. Check Channel 1 and Channel 2 Probe Coding

a. Connect the standard accessory 10X probe to the
CH 1 OR X input connector.

b. CHECK—CH 1 VOLTS/DIV readout changes to
50 mv.

c. Move the 10X probe to the CH 2 input connector.

d. CHECK—CH 2 VOLTS/DIV readout changes to
50 mv.




e. Disconnect the probe.

2. Check Channel 1 and Channel 2 Input Gate
Current

a. Use the CH 1 and CH 2 POSITION controi to align the
traces with the center horizontal graticule line.

b. CHECK-—Channel 1 trace shift is 0.1 division or less
when switching the CH 1 Input Coupling switch between
GND and AC.

¢. CHECK—Channel 2 trace shift is 0.1 division or less
when switching the CH 2 Input Coupling switch between
GND and AC.

3. Check Input Coupling (AC-GND-DC) Switches
and AC Coupling Lower Bandpass

a. Set:

AC-GND-DC (Vertical
Input Coupling) (both) DC

VERT MODE CH1

b. Connect a 20 mV, standard-amplitude square-wave
signal from the calibration generator to the CH 1 input con-
nector via a 50 2 BNC cable (4-division display).

¢. Position the bottom of the display to the center hori-
zontal graticule line and set the Channel Input Coupling
switch to GND (CH 1 or CH 2 as appropriate).

d. CHECK—Trace is at the center horizontal graticule
line with no vertical deflection.

e. Set the Channel Input Coupling switch to AC.

f. CHECK—Display is centered about the center hori-
zontal graticule line.

g. Set the VERT MODE and TRIGGER SOURCE to CH
2 and move the test signal to the CH 2 input connector.

h. Repeat parts ¢ through f for the CH 2 Input Coupling
switch.
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i. Disconnect the test equipment from the instrument.

j. Set:
VERT MODE DUAL TRACE
VOLTS/DIV (both) 05V
SEC/DIV 0.5 s ROLL
CH 1 AC-GND-DC AC
CH 2 AC-GND-DC DC

k. Connect one of the accessory 10X probes to the CH 2
input connector and remove the grasping probe tip.

I. Connect the output of the function generator to the
probe tip via a 50 Q termination and a BNC male-to-minia-
ture-probe-tip adapter.

m. Set the generator output for a 1 Hz sine wave and
adjust the output amplitude control for a 5-division display
amplitude.

n. Switch the CH 2 AC-GND-DC switch to AC.

0. CHECK—Display amplitude is 3.5 divisions or more.

p. Move the probe from the CH 2 input to the CH 1
input.

gq. CHECK—Display amplitude is 3.5 divisions or more.

r. Disconnect the test equipment from the 336.

4. Adjust CH 2 Invert Balance (A1R418)
a. Set:

VERT MODE CH2
CH 2 VOLTS/DIV 5 mvV
CH 2 AC-GND DC GND

b. ADJUST-—Invert Bal A1R418 for minimum trace shift
when switching between noninverted and inverted (down-
arrow symbol displayed) CH 2 displays.
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5. Adjust Channel 1 Variable Balance (A1R118)
a. Set:

VERT MODE CH 1
CH 1 VOLTS/DIV 5mv
CH 1 AC-GND-DC GND

b. Use the CH 1 Vertical POSITION control to position
the trace to the center horizontal graticule line.

c. ADJUST—CH 1 Vvar Bal A1R118 for minimum trace
shift as the CH 1 VOLTS/DIV VAR control is rotated be-
tween fully clockwise (cw) and fully counterclockwise (ccw).

d. Return the CH 1 VAR control to the CAL position
(fully cw).

6. Adjust Channel 1 and Channel 2 Step
Attenuator Balance (A1R151 and A1R451)

a. Set:
CH 1 VOLTS/DIV 20 mv

CH 2 INVERT Noninverted (no down ar-

row symbol displayed}

b. ADJUST—CH 1 Step Atten Bal ATR151 for minimum
trace shift as the CH 1 VOLTS/DIV switch is rotated be-
tween 20 mV and 5 mV.

c. Set:
VERT MODE CH2
CH 2 VOLTS/DIV 20 mvV

d. ADJUST—CH 2 Step Atten Bal A1R451 for minimum
trace shift as the CH 2 VOLTS/DIV switch is rotated be-
tween 20 mV and 5 mV.

7. Check Channel 2 Variable Balance
a. Set:
CH 2 VOLTS/DIV 5mVv

b. CHECK—Trace shift is 2 divisions or less when rotat-
ing the CH 2 VAR control between fully clockwise and fully
counterclockwise.
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c. Return the CH 2 VAR control to the CAL position
(fully cw).

8. Adjust Channel 1 and Channel 2 Position
Centering (A1R164 and A1R464)

a. Set:
VERT MODE DUAL TRACE
CH 1 VOLTS/DIV 5mv
SEC/DIV 10 us

b. Position the white index dot on the CH 1 and CH 2
Vertical POSITION controls to the top (midrange rotation).

c. ADJUST—CH 1 Position Center A1R164 to align the
CH 1 trace with the center horizontal graticule line.

d. ADJUST—CH 2 Position Center A1R464 to align the
CH 2 trace with the center horizontal graticule line.

9. Check Channel 1 and Channel 2 POSITION
Range

a. Set:
AC-GND-DC (both) AC
CH 1 VOLTS/DIV 01V
CH 2 VOLTS/DIV 50 mV
TRIGGER
SOURCE EXT

b. Connect a 50 kHz sine-wave signal from the function
generator to the CH 1 OR X input connector via a 50 @ BNC
cable and a 50 @ BNC termination. Connect the function
generator Trig Out signal to the 336 EXT TRIG IN connector
via a 50 2 BNC cable and a 50 @ BNC termination.

c. Set the sine-wave generator output for a 6-division
display and adjust the A TRIG LEVEL control for a stable
display.

d. Set the CH 1 VOLTS/DIV switch to 50 mV (signal
amplitude of 12 divisions).

e. CHECK—Top of displayed waveform will position
down to (or below) the center horizontal graticule line, and




bottom of display will position up to (or above) the center
horizontal graticule line using the channel POSITION
control.

f. Move the test signal from the CH 1 input to the CH 2
input. (Verify that the display amplitude is still 6 divisions.
Adjust the the generator output amplitude, if necessary.)

g. CHECK—Repeat part e using the CH 2 POSITION
control.

h. Disconnect the test equipment from the 336.

10. Adjust/Check Channel 1 and Channel 2
Vertical Gain (A11R74 and A1R108)

a. Set:
VERT MODE CH 2
CH 2 VOLTS/DIV 5mv
AC-GND-DC (both) DC
A SEC/DIV 0.5ms
TRIGGER
SOURCE CH 2

b. Connect a 20 mV, standard-amplitude square-wave
signal from the calibration generator to the CH 2 input con-
nector via a 50 Q@ BNC cable.

c. Vertically center the display.

d. ADJUST—Vert Output Gain A11R74 for a 4-division
CH 2 display.

e. Move the test signal to the CH 1 input connector and
set the VERT MODE and TRIGGER SOURCE to CH 1.

f. Set the CH 1 VOLTS/DIV to 5 mV and vertically center
the display.

g. ADJUST—CH 1 Gain A11R108 for a 4-division CH 1
display.

h. CHECK—Change the CH 1 VOLTS/DIV switch and
calibration generator settings as shown in Table 5-1 and
check that the deflection accuracy is within 3% for all

' VOLTS/DIV switch settings listed.
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i. Set the VERT MODE and TRIGGER SOURCE to
CH 2, and set the calibration generator output for 50 mV.

j- Move the test signal from the CH 1 input to the CH 2
input and vertically center the display.

k. CHECK—Repeat part h for all the CH 2 VOLTS/DIV
switch settings.

I. Return the calibration generator output to 20 mV.

Table 5-1
Vertical Deflection Accuracy

VOLTS/DIV Calibration Divisions
Setting Generator Of Deflection
Amplitude

10 mv 50 mv 485 t05.15
20 mv 01V 4.851t05.15
50 mv 0.2V 3.88 t0 4.12
01V 05V 4.85 t0 5.15
0.2v 1V 4.851t05.15
05V 2V 3.881t04.12
1V 5V 4.85t05.15
2V 0V 4.85 t0 5.15
5v 20V 3.88t0 4.12
0V 50V 4.851t05.12

11 Adjust/Check Storage Gain (A11R102 and
A5R47)

a. Set:

CH 2 VOLTS/DIV 5mv

DISPLAY
NON STORE Off
STORE On (LED illuminated)
VIEW Off

Main MENU Selection
CURSORS ON

TRIGGER
A LEVEL Adjust for a stable, trig-

gered display

b. Use the DLY TIME/CURSOR push buttons and
MENU 1 button (CURSOR SEL) to position one cursor dot
on the top of the standard-amplitude square wave and the
other on the bottom of the waveform.
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c. ADJUST—Storage Gain A5R47 for a AV readout of
20.0 mV 0.4 mV. (Changes in the readout should be cen-
tered around 20 mV).

d. ADJUST—Storage Wfm Gain A11R102 for a STORE
display amplitude of 4 divisions.

e. CHECK—Change the VOLTS/DIV setting and cali-
bration generator standard-amplitude output to each of the
settings given in Table 5-2 and check the storage gain accu-
racy and cursor AV readout accuracy for each VOLTS/DIV
setting given.

f. Press MENU button 2 to turn off the CURSORS
Mode.

g. Set the calibration generator output to 0.5 V.

12 Adjust STORE and READOUT Display Vertical
Position (A11R126 and A6R704)

a. Press in the MENU ON/OFF and MENU LAST but-
tons together and release at the same time (336 enters the
diagnostics mode).

b. Press the TRIGGER RESET button, then press the
MENU ON/OFF button to start the Waveform RAM Check.

c. Use the Horizontal POSITION control to move the
right end of the display to the center vertical graticule line.

d. ADJUST—Storage Position A11R126 to position the
center data value level to the center horizontal graticule line.

e. Press the Trigger MODE RESET button to exit the
Waveform RAM check, then press MENU button 3 to dis-
play all characters.

f. ADJUST—RO Y Position A6R704 to vertically posi-
tion the readout display totally within the graticule area with
equal spacing at the top and bottom of the readout.

g. Press the MENU ON/OFF and the MENU LAST but-
tons in together and release to exit the diagnostics mode.

13 Adjust Storage DC Level (A5R42)
a. Set:

AC-GND-DC (both) GND

DISPLAY MODE
NON STORE On (LED illuminated)
STORE On (LED illuminated)
VIEW Ooff

b. Use the CH 2 Vertical POSITION control to position
the traces near the center of the graticule area.

¢. ADJUST—Storage DC Level A5R42 to overlay the
STORE trace on the NON STORE trace.

Table 5-2
Storage Deflection Accuracy
VOLTS/DIV Generator Waveform Voltage
Setting Setting Deflection Readout
Limits Limits
10 mv 50 mV 4.85t0 5.15 48.1 mV to 51.9 mv
20 mv 01V 4.851t05.15 96.2 mV to 103.8 mV
50 mv 02v 3.88104.12 192 mV to 208 mV
01V 05V 4.85 to 5.15 481 mV to 519 mv
02v 1V 4.85 to 5.15 962 mV to 1.038 V
05V 2V 3.88 to 4.12 1.92Vt02.08V
1V 5V 4.851t0 5.15 481Vto519V
2V 10V 4.85to 5.15 9.62V to 10.38 vV
5V 20V 3.88 to 4.12 19.2Vto 208V
10V 50V 485 1t05.15 48.1Vto519V




14 Adjust TRIG VIEW Gain and Position (A2R320
and A2R330)

a. Set:
VERT MODE TRIG VIEW (STORE Mode
turns off automatically)
TRIGGER
MODE NORM
SOURCE EXT

b. Move the standard-amplitude test signal from the
CH 2 input to the EXT TRIG IN connector.

c. Verify that the generator output is set for a 0.5V
standard-amplitude signal.

d. Use the A TRIGGER LEVEL control to vertically cen-
ter the TRIG VIEW display on the + (plus) SLOPE.

e. ADJUST—Trig View Gain A2R320 for a 5-division
+ 5% display amplitude (4.75 to 5.25 divisions).

f. ADJUST Trig View Position A2R330 to align the start
of the TRIG VIEW trace with the center horizontal graticule
line.

g. Set the TRIG SOURCE to EXT/10 and set the calibra-
tion generator output to 5 V. Use the A TRIG LEVEL control
to vertically center the display on the + (plus) SLOPE.

h. CHECK—TRIG VIEW display amplitude is 5 divisions
+5% (4.75 to 5.25 divisions).

i. Disconnect the test equipment from the 336.

15. Adjust Frequency Compensation (A11C64,
A11R86, A11C86, A11R87, A11C87, A11R151,
A11C151, A1R402, A1C402, A1R102, A1C102,
A1C195, A1C816, and A5R50)

a. Set:
VERT MODE CH2
VOLTS/DIV 5mv
X10 MAG ON
SEC/DIV 0.1 us (with X10 MAG on)
TRIGGER
MODE AUTO
SOURCE CH2

Adjustment Procedure—336 Service

b. Connect the calibration generator fast-rise positive-
going signal to the CH 2 input connector via a 50 Q Precision
coaxial BNC cable, a 10X attenuator, and a 50
termination.

c. Set the generator output amplitude for a 4-division
signal display at 1 MHz.

d. Set the A TRIGGER LEVEL for a stable display of the
leading edge of the signal on — (minus) SLOPE.

e. Use the Horizontal POSITION control to position the
rising edge of the signal to near the center of the graticule
area, and set the DISPLAY MODE to STORE.

f. ADJUST—Storage HF Compensation A5R50, CH 2
Compensation A1R402 and A1C402, and Vertical Com-
pensation A1C816 for the best flat-top display with aberra-
tions of 10% peak-to-peak (0.4 division) or less.

g. Set:
DISPLAY MODE NON STORE
X10 MAG ON
A SEC/DIV 0.1 us (with X10 MAG on)
TRIGGER
SLOPE + (plus)

h. Set the Trigger LEVEL control to display the entire
leading edge of the fast rise + signal. Use the Horizontal
POSITION control to position the rising edge near the cen-
ter vertical graticule line.

i. ADJUST—Vertical Output Compensation A11C64,
A11R86, A11C86, A11R87, A11C87, A11R151, and
A11C151 for the best flat-top display with aberrations of 5%
peak-to-peak (0.2 division) or less.

NOTE

Vertical Comp A1C816 may require compromise ad-
justment to obtain the correct HF response for the
NON-STORE waveform.

j. CHECK—That the aberrations at 10 mV, 20 mV, and
50 mV per divisions are within 5 % (0.2 division) or less and
that they are within 7% (0.14 division on a 2-division signal)
or less at 0.5 V per division. Change the fast-rise signal
output amplitude and remove the 10X attenuator as neces-
sary to maintain a 4-division display amplitude (2 divisions
maximum at a VOLTS/DIV setting of 0.5 V.)
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NOTE

If the aberrations exceed the specification at any
VOLTS/DIV setting checked in part j, it may be neces-
sary to select values for A1R313 and A1R318. This
procedure is done when the factory calibration is per-
formed, so it should not be required in a normal ad-
justment procedure. However, should selection be
considered necessary, the selectable values are given
in “Selectable Components,” located in the Mainte-
nance section of this manual. Tektronix part numbers
are given in the “Replaceable Electrical Parts” section
of this manual. If new component values are selected,
repeat this Step from part a.

k. Return the VOLTS/DIV setting to 5 mV, insert the
10X attenuator back into the test setup, and adjust the gen-
erator output amplitude to reobtain a 4-divsion display
amplitude.

I. Use the CH 2 Vertical POSITION control to position
the top of the display to the bottom graticule line.

m. CHECK—For a flat-top display with aberrations of
7% peak-to-peak (0.28 division) or less.

n. Use the CH 2 Vertical POSITION control to position
the top of the display to the top graticule line.

0. Repeat the check of part m.

p. If the position effect aberrations exceed 7%, continue
with part g. If not, skip to part v.

q. ADJUST—Vert Ampl Bal A11R70 to obtain 7% or
less aberration on the CH 2 display.

r. Repeat parts | through o to recheck the position effect
aberrations.

s. Disconnect the fast-rise + test signal from the CH 2
input, then connect a 20 mV standard-amplitude signal from
the calibration generator to the CH 2 input via a 50 Q2 coaxial
cable.

t. Set:
A SEC/DIV 0.2 ms
TRIGGER
LEVEL For a stabie display
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Horizontal POSITION Midrange

u. ADJUST—Vert Output Gain A11R74 for a 4-division
vertical spacing between the displayed traces. Do not dis-
connect the standard-amplitude signal coaxial cable from
the CH 2 input.

v. Connect the fast-rise + test signal coaxial cable with
50 Q termination and 10X attenuator the CH 1 input.

w. Set:
A SEC/DIV 0.1 us
VERT MODE CH A1
TRIGGER
SOURCE CH1
LEVEL Stable display of entire

leading edge

x. ADJUST—CH 1 Compensation A1R102, A1C103,
and A1C195 for the best flat-top display with aberrations of
5% peak-to-peak (0.2 division) or less.

y. Repeat parts j and k for CH 1.

z. Use the CH 1 Vertical POSITION control to position
the top of the display to the bottom graticule line.

aa. CHECK—For a flat-top display with aberrations of
7% peak-to-peak (0.28 division) or less.

ab. Use the CH 1 Vertical POSITION control to position
the top of the display to the top graticule line.

ac. Repeat the check of part aa.

ad. If the position effect aberrations exceed the given
tolerance, continue with part ae. If not, skip to part ah.

ae. ADJUST—Vert Ampl Bal A11R70 to obtain 7% or
less aberrations on the front corner of the CH 1 display.

af. Repeat parts z through ac to recheck the position
effect aberrations on the CH 1 signal.

ag. Set the VERT MODE to CH 2 and repeat parts t and
u to set the correct vertical output gain.



ah. Disconnect the test equipment from the 336.

)

!

16. Adjust Trig View Compensation (A1C744)

a. Connect the calibration generator fast-rise + signal to
the EXT TRIG IN connector via a 50 Q coaxial cable and a
50 Q termination.

b. Set:
VERT MODE TRIG VIEW
AC-GND-DC (both) GND
TRIGGER
SOURCE EXT
MODE NORM
COUPLING DC

c. Set the calibration generator output amplitude for a
4-division vertical display at 1 MHz, and use the A TRIG
LEVEL control to display the entire rising edge of the TRIG
VIEW display.

d. ADJUST—Trig View Compensation A1C744 for the
best flat-top display with aberrations of 10% peak-to-peak
(0.4 division) or less.

)

e. Disconnect the test equipment from the 336.

17. Adjust Channel 1 and Channel 2 Input
Compensation

a. Set:
VERT MODE CH 1
CH 1 VOLTS/DIV 5 mV (50 mV with 10X
probe) ’
AC-GND-DC (both) DC
A SEC/DIV 2ms
TRIGGER
MODE AUTO
SOURCE CH1
A LEVEL Stable display
SLOPE + (plus)
COUPLING AC

b. Connect the calibration generator high-amplitude out-
put signal to the CH 1 input connector via a 50 © 10X atten-
uator, a BNC male-to-miniature probe-tip adapter, and the
standard accessory 10X probe.
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c. Set the calibration generator for a 5-division vertical
amplitude display at 1 kHz; then, set the A SEC/DIV setting
to 0.2 ms.

d. ADJUST—Probe low-frequency compensation for the
best flat-top display.

e. Remove the 10X attenuator from the test setup.

f. Set:
CH 1 VOLTS/DIV 0.5 V (with 10X probe)
A SEC/DIV 2ms

g. Set the calibration generator for a 5-division display
amplitude; then, set the A SEC/DIV back to 0.2 ms.

h. ADJUST—CH 1 50 mV Comp A1C20 and A1C22 for
the best flat-top display with aberrations of 2% peak-to-
peak (0.1 division) or less.

i. Set:
CH 1 VOLTS/DIV 5 V (with 10X probe)
A SEC/DIV 2ms

j- Repeat part g.

k. ADJUST—CH 1 0.5 V Comp A1C10 and A1C12 for
the best flat-top display with aberrations of 2% peak-to-
peak (0.1 division) or less.

l. Set:
CH 2 VOLTS/DIV 5mV (50 mV with 10X
probe)
A SEC/DIV 2ms
TRIGGER
SOURCE CH?2

m. Reinsert the 10X attenuator between the calibration
generator output and the BNC male-to-miniature probe tip
adapter and move the probe from the CH 1 input connector
to the CH 2 input connector.

n. Repeat part g.
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0. ADJUST—CH 2 Input capacitor A1C302 for the best
flat-top display. Do not readjust the probe low-frequency
compensation. Capacitor A1C302 is adjustable to match
the Channel 2 input capacitance with the Channel 1 input
capacitance.

NOTE

If a correct match between the Channel 2 input capac-
itor and the Channel 1 input capacitor cannot be ob-
tained, it may be necessary to select the value of CH 1
input capacitor C2. As this process is done in factory
calibration, it should not be required in a normal aad-
justment procedure. However, if a component change
is necessary, the selectable values are given in the
Maintenance section of this manual under “Selectable
Components.” Part numbers are given in the ‘Re-
placeable Electrical Parts” section of this manual.

p. Remove the 10X attenuator from the test setup.

g. Set:
CH 2 VOLTS/DIV 0.5 V (with 10X probe)
A SEC/DIV 2ms

r. repeat part g.

s. ADJUST—CH 2 50 mV Comp A1C320 and A1C322
for best flat-top display with aberrations of 2% peak-to-peak
(0.1 division) or less.

t. Set:
CH 2 VOLTS/DIV 5 V (with 10X probe)
A SEC/DIV 2ms

u. repeat part g.

v. ADJUST—CH 2 0.5 V Comp A1C310 and A1C312
for best flat-top display with aberrations fo 2% peak-to-peak
(0.1 division) or less.

w. Disconnect the test equipment from the 336.
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18. Adjust EXT and EXT/10 Trigger Compensation
(A1C912, A1C914, A1C916, A2C103, and A2C104)

a. Set:

VERT MODE TRIG VIEW
A SEC/DIV 2ms
TRIGGER
SOURCE EXT
COUPLING DC
MODE NORM
LEVEL Vertically center the TRIG
VIEW display

b. Connect the calibration generator high-amplitude test
signal to the EXT TRIG IN connector via a 50 @ coaxial
cable and a 10X attenuator.

c. Set the calibration generator output amplitude for a
5-division signal and move the A SEC/DIV setting back to
0.2 ms.

d. ADJUST—EXT Trig Comp A1C914 and A1C916 for
the best flat-top display with aberrations and flatness of
10% peak-to peak (0.5 division) or less.

e. Disconnect the coaxial cable from the EXT TRIG IN
connector and connect the 10X accessory probe to the EXT
TRIG IN connector.

f. Connect the probe tip to the calibration generator via a
BNC male-to-miniature probe tip adapter.

g. ADJUST—EXxt Trig Input capacitor A1C912 for the
best flat-top display.

h. Disconnect the test equipment from the EXT TRIG IN
connector and remove the probe.

i. Connect the calibration generator high-amplitude test
signal to the EXT TRIG IN connector via a 50 Q coaxial
cable.

j. Set the Trigger SOURCE to EXT/10.



k. ADJUST—EXT/10 Trig Comp A2C102 and A2C104
for the best flat-top display with aberrations of 10% peak-

\ to-peak (0.5 division) or less.

I. Disconnect the test equipment from the 336.

19. Check Bandwidth

a. Set:
VERT MODE CH?2
VOLTS/DIV (both) 5mvV
A SEC/DIV 10 us
TRIGGER
SOURCE CH2
COUPLING AC
LEVEL For a stable display on the

+ SLOPE

b. Connect the leveled sine-wave generator output to
the CH 2 input via a 50Q coaxial cable and a 50 Q
termination.

c. Set the generator frequency for 50 kHz and set the
output amplitude for a 6-division vertical display.

d. Increase the sine-wave generator output frequency to
50 MHz.

e. CHECK—NON STORE display amplitude is 4.2 divi-
sions peak-to-peak or more.

NOTE

If the bandwidth for either Channel falls below speci-
fication, the input compensation adjustments should
be checked to determine if they have been correctly
set. A fast-rise signal from the calibration generator
should display a rise time of approximately 7 ns or
less in order for the bandwidth to meet specification. It
may be necessary to compromise the input adjust-
ments to obtain the proper rise time. The aberration
specifications should not be exceeded in any case.

f. Set the Display Mode to STORE and set the A
SEC/DIV setting to 0.1 us.

g. CHECK—STORE display amplitude is 4.2 divisions
1 peak-to-peak or more.
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h. Set the Display Mode to NON STORE and set the A
SEC/DIV setting to 10 us.

i. Repeat parts c through h for each VOLTS/DIV setting
upto1V.

NOTE

The sine-wave generator output is limited to five volts
peak-to-peak. Therefore, at the 1 V setting, set the
reference signal amplitude to 5 divisions and check for
a display amplitude of at least 3.5 divisions at
50 MHz.

j. Set:
VERT MODE CH1
TRIGGER
SOURCE CH 1

k. Repeat parts ¢ through i for Channel 1.

l. Set:
VERT MODE TRIG VIEW
A SEC/DIV 10 us
TRIGGER
SOURCE EXT
MODE NORM

m. Set the sine-wave generator frequency to 50 kHz and
move the test signal from the CH 1 connector to the EXT
TRIG IN connector.

n. Adjust the A TRIG LEVEL control for a stable display
near the center of the graticule area.

0. Set the generator output amplitude for a 5-division
vertical display. Adjust the A TRIG LEVEL control as neces-
sary to center the display.

p. Increase the generator output frequency to 35 MHz.

d. CHECK—TRIG VIEW display amplitude is 3.5 divi-
sions peak-to-peak or more.

r. Set the TRIG SOURCE to EXT/10 and reestablish a
5-division, 50 kHz reference signal display.
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s. Repeat parts p and qg.

t. Disconnect the coaxial cabie from the EXT TRIG IN
connector.

u. Set:
VERT MODE ADD
VOLTS/DIV (both) 5mVv
TRIGGER
SOURCE CH1
MODE AUTO

v. Connect the leveled sine-wave generator output to
the CH 1 and CH 2 input connectors via a 50 Q coaxial
cable, a 50 Q termination, and dual-input coupler.

w. Set the generator output frequency to 50 kHz and
adjust the output amplitude to obtain a 6-division ADD
display.

X. Increase the generator output frequency to 30 MHz.

y. CHECK—ADD display amplitude is 4.2 divisions
peak-to-peak or more.

20. Check Common-Mode Rejection Ratio

a. Set:
VERT MODE DUAL TRACE
VOLTS/DIV (both) 10 mv
A SEC/DIV 0.1 us
CH 2 INV Inverted (down arrow

displayed)

b. Set the generator output frequency to 10 MHz and
set the output amplitude for a 5-division vertical display of
the CH 1 and CH 1 signals. Use the Vertical POSITION
controls to center the two traces vertically.

c. Set:
VERT MODE ADD
VOLTS/DIV (both) 5mv

d. CHECK—Trace defiection is 1 division or less.
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e. Disconnect the test equipment from the 336.

21. Check 5 kHz Dropout

a. Set:
VERT MODE CH 1
CH 1 VOLTS/DIV 1V
DISPLAY MODE STORE
A SEC/DIV 0.1 ms

b. Connect the function generator output to the CH 1
input via a 50 Q coaxial cable and a 50 Q termination.

c. Set the function generator for a sine-wave output at
5 kHz.

d. Set the generator output amplitude for a 5-division
vertical display. Use the CH 1 Vertical POSITION control to
center the display.

e. CHECK—For any noticeable upward or downward
spikes from the CH 1 trace.

22. Check Storage Acquisition Window

a. Set the function generator for a positive-going pulse
at 100 Hz. Set the generator output to obtain a 5-division
display (if necessary).

b. Use the MENU controls to set the Storage Acquisition
Window to PRE TRIG. (The STORE trace is dimmed while
the Menu is displayed.)

c. Use the Horizontal POSITION control to align the
start of the trace with the first vertical graticule line.

" d. CHECK—Rising edge of the pulse is near the 9th ver-
tical graticule line.

e. Recall the Acquisition Window Menu by pressing the
MENU LAST button and set the Acquisition Window to MID
TRIG.

f. CHECK—Rising edge of the pulse is near the center
vertical graticule line.

—



g. Set the Acquisition Window to POST TRIG.

h. CHECK—Rising edge of the pulse is near the 2nd
vertical graticule line.

23. Adjust/Check ENVELOPE Storage Mode
NOTE

Instruments with serial numbers below B300201 do
not include the Envelope Offset adjustment. For those
serial number instruments, skip parts b, ¢, d, and e of
this step.

a. Set:

VERT MODE CH1

CH 1 AC-GND-DC GND

DISPLAY MODE
STORE ON (button illuminated)
NON STORE OFF
VIEW OFF

MAIN MENU Selections
STORE MODE ENV

A SEC/DIV 2ms

TRIGGER
SOURCE CH 2 (untriggered display)

b. With the ENVELOPE Menu displayed, press MENU
button 2 to decrement the number of acquisitions to 1
TIMES.

c. Use the CH 1 Vertical POSITION control to center the
trace.

d. ADJUST—Envelope Offset A5SR56 for minimum trace
width.

e. CHECK—Envelope trace width is less than 0.2
divisions.

f. Recall the ENVELOPE menu and press MENU button
1 to increment the number of acquisitions to continuous (in-
finity symbol displayed).

g. Set the CH 1 AC-GND-DC switch to AC.

h. CHECK—Display fills to a solid bright band, 5 divi-
sions in amplitude.

i. Press MENU button 3 (RESET).
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j. CHECK—Acquired envelope is cleared and a new ac-
quisition starts.

k. Disconnect the coaxial cable from the function gen-
erator and connect the leveled sine-wave generator output
to the CH 1 input connector.

l. Set:
CH 1 VOLTS/DIV 5 mV
CH 1 AC-GND-DC DC
TRIGGER
SOURCE CH 1

m. Recall the ENVELOPE Menu and press MENU but-
ton 2 to decrement the number of acquisitions to 1 TIMES.

n. Set the sine-wave generator output for a 50 kHz ref-
erence signal, 6 divisions in ampilitude.

o. Increase the generator frequency to 10 MHz.

p. CHECK—ENVELOPE display is 4.2 divisions peak-
to-peak or more.

g. Disconnect the test equipment from the 336.

24. Check AVERAGE Storage Mode

a. Set:
MAIN MENU Selections
STORE MODE AVERAGE
A SEC/DIV 0.1 us

b. With the AVERAGE Menu displayed, press MENU
button 2 to decrement the number of averages to 8 TIMES
(if not already at that setting).

¢. CHECK—Number at lower right counts down to 1,
then switches to AVG at the end of the count.

d. Recall the AVERAGE Menu and press MENU button
1 to increment the number of acquisitions to be averaged.

e. CHECK—That the number of times increments to 16,
32, 64, 128, then 256; one increment for each press of the
MENU 1 button.

f. Press MENU button 2 to decrement the number back
to 8 TIMES.
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g. Set the STORE MODE back to NORMAL.

25. Check PROCESS Operation

a. Connect a 5 mV standard-amplitude square-wave sig-
nal from the output of the calibration generator to the CH 1
and CH 2 input connectors via a 50 @ coaxial cable and a
dual-input coupler.

b. Set:
VERT MODE DUAL TRACE
VOLTS/DIV (both) 5 mv
AC-GND-DC (both) DC
SEC/DIV 1 ms
STORAGE PROCESS

¢. Adjust the CH 1 and CH 2 Vertical POSITION controls
to place the CH 1 and CH 2 displays at convenient locations
within the graticule area.

d. Switch Channel 1 and Channel 2 AC-GND-DC
switches to GND to acquire a ground reference for calcula-
tions. (Do not reposition the Vertical POSITION controls af-
ter acquiring the ground reference. If repositioning occurs,
reacquire the ground reference.)

e. Set both AC-GND-DC switches back to DC.

f. Select WFM processing by pressing MENU button 1,
then press MENU button 1 again to select CH 1 + CH 2.

g. CHECK—Peak-to-peak amplitude of the added sig-
nals is 2 divisions within 6% (1.88 to 2.12 divisions p-p).

h. Press MENU button 2 to select CH1 — CH 2.

i. CHECK—Display peak-to-peak amplitude is zero divi-
sions within 6% (0.12 division p-p) disregarding transition
spikes.

j. Press MENU button 3 to select CH 1 x CH 2.

k. CHECK—Display peak-to-peak amplitude is 1 divi-
sion within 7% (0.93 to 1.07 division).
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I. Press the MENU LAST button to discontinue WFM
processing and disconnect the test equipment from the
instrument.

m. Connect the output of a leveled sine-wave generator
to the CH 1 input connector via a 50 Q precision coaxial
cable and a 50 @ termination.

n. Set:
VERT MODE CH1
SEC/DIV 5 us

0. Set the generator frequency for 250 kHz and adjust
the output amplitude for a display of 6 divisions.

p. With the PROCESS Menu displayed, press MENU
button 2 to select PARAMETERS then press MENU button
1 to select RMS.

q. Set CH 1 AC-GND-DC switch to GND to acquire a
ground reference (readouts go to zero), then set it back to
DC.

NOTE

Do not vertically reposition the channel display after
switching the input coupling back to DC. If this should
oceur, reacquire a ground reference before checking
the RMS readout of the signal display.

r. CHECK—RMS readout is 10.6 mV +0.6 mV (10 mV
to 11.2 mV).

s. Press MENU button 2 to select P-P.

t. CHECK—P-P readout is 30mV =1mV (29 mV to
31 mv).

u. Press MENU button 3 to select MEAN.

v. CHECK—-MEAN readout is 0.0mV
(—0.6 mV to 0.6 mV).

+0.6 mv

w. Disconnect the coaxial cable from the leveled sine-
wave generator.

——
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26. Check CHOP and DUAL TRACE VERT MODE e. CHECK—Both traces are displayed simultaneously

a. Connect the function generator output to the CH 1 (chopped).

'll input via a 50 Q coaxial cable and a 50 Q termination.
f. Set the A SEC/DIV setting to 0.5 ms.
b. Set the function generator for a sine-wave output at a

frequency of 10 Hz. g. CHECK—Traces are displayed alternately.

c. Set:
VERT MODE DUAL TRACE
h. Set the VERT MODE to CHOP.
VOLTS/DIV (both) 1V
A SEC/DIV 10 ms
i. CHECK—Both traces are displayed simultaneously.
TRIGGER
MODE NORM
LEVEL For a stable display j. Disconnect the test equipment from the 336.
DISPLAY MODE NON STORE

d. Set the generator output amplitude for about a
5-division display and use the Vertical POSITION controls to
position both traces within the graticule area.
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TRIGGERS

Equipment Required (see Table 4-1)

Leveled Sine-Wave Generator (Iltem 1)
Function Generator (Item 4)

50 22 BNC Coaxial Cable (item 11)

50 @ BNC Termination (Item 13)

10X Attenuator (Item 14)

2X Attenuator (Item 15)
Alignment Tool (Item 17)

TV Signal Generator (Item 19)
Dual-input Coupler (Item 20)

See at the rear of this manual for location of adjustments and test points.

NOTE

If starting the adjustment procedure at this point, prior to applying power to the 336, verify that the Nominal
Voltage Selector is set to the correct power source voltage. Connect the 336 to an appropriate power source via
an isolation transformer. Apply power to the test equipment and 336. Make the initial 336 control settings as soon
as the Power-on diagnostics routine has completed, and allow a 20-minute warmup period before commencing the
adjustments and checks for maximum accuracy.

INITIAL CONTROL SETTINGS VAR SWP/HOLDOFF CAL/NORM (in detent)

Control settings not listed do not affect the initial proce- TR:\? ggg AUTO
dure and will be set when necessary. SOURCE CH 1
COUPLING AC
Set: A LEVEL For a stable display (with
et: . .
signal applied)
INTENSITY Visible display A SLOPE + (plus)
. . B MODE Triggerable after delay
FOCUS Best defined display B SLOPE + (plus)
VERT MODE CH1 B LEVEL Center of the + SLOPE
CH 1 VOLTS/DIV 05V Main MENU Selections
) READOUT ON
AC-GND-DC (both) DC CURSORS OFF
HORIZ VAR HOLDOFF
CH 2 INVERT Noninverted (no down TRACE SEP 2.0 DIV

Vertical POSITION (both)
DISPLAY MODE

arrow displayed with CH 2
VERT MODE)

Midrange

NON STORE ON (LED illuminated) 1. Adjust A and B Trigger LEVEL Centering
STORE OFF (A2R258 and A2R251)
VIEW OFF
Horizontal Display A (knob in) NOTES
Horizontal POSITION Midrange Instruments with serial numbers below B300126 do
not include the B Trig LEVEL Centering adjustment.
SEC/DIV 20 us For those serial number instruments, skip parts g and
X10 MAG OFF (indicator unlighted) h of this step.
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a. Connect the function generator output to the CH 1
and CH 2 input connectors via a 50 €} coaxial cable, a 50 Q
termination, and a dual-input coupler.

b. Set the function generator for a sine-wave output at a
frequency of 50 kHz.

c. Set the function generator output amplitude to obtain
a 3-division vertical display.

d. Set the CH 1 VOLTS/DIVto 5 V.

e. Set the A TRIG LEVEL control to the center of the +
SLOPE range.

f. ADJUST—A Level Ctrg A2R258 to obtain a stable
display point.

g. Set the Horizontal Display Mode to ALT (SEC/DIV
knob out).

h. ADJUST—B Level Ctrg A2R251 to obtain a stable
display point.

2. Adjust A and B Trigger Sensitivity (A2R480 and
A2R482)

a. Set:

CH 1 VOLTS/DIV 10V

b. ADJUST—A Trig Sens A2R480 to obtain a stable A
trigger point.

c. Set the B Trigger LEVEL control to the center of the
+ (plus) SLOPE.

d. ADJUST—B Trig Sens A2R482 for a stable B trigger
point, then back off enough to just produce an unstable B
trigger point.

e. ADJUST—A Trig Sens A2R480 to just produce an
unstable A trigger point.

f. Set the Trigger MODE to NORM.

g. CHECK—The A Sweep is not triggered at any point
as the A LEVEL control is rotated through its full range.
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h. Set the Trigger MODE to AUTO.

i. CHECK—The B Sweep is not triggered at any point as
the B LEVEL control is rotated through its full range (not in
RUNS AFTER DELAY).

j. Set the Horizontal Display to A (push SEC/DIV knob
in).

3. Check A and B Internal Trigger Sensitivity

a. Set:
VERT MODE DUAL TRACE
A SEC/DIV 10 ms
VOLTS/DIV (both) 05V
TRIGGER
COUPLING AC

b. Set the generator output for a sine-wave output of
30 Hz and set the output amplitude for a 3-division display
amplitude.

c. Set both VOLTS/DIV settings to 5 V to obtain a signal
amplitude of 0.3 division on both channels.

d. CHECK—A and B Trigger Sensitivity.
1. Set the Trigger MODE to NORM.

2. Verify that a stable A Sweep display can be ob-
tained using the A TRIG LEVEL control on both +
and — SLOPE.

3. Set the Trigger SOURCE to CH 2 and repeat
subpart 2.

4. Set the Horizontal Display Mode to ALT (pull
SEC/DIV knob).

5. Verify that a stable B Sweep display (also an inten-
sified zone appears on the A trace) can be ob-
tained using the B TRIG LEVEL control on both +
and — SLOPE. (Adjust the A TRIG LEVEL control
as necessary to maintain a stable A Sweep
display.)

6. Set the Trigger SOURCE to CH 1 and repeat
subpart 5.

7. Set:

Horizontal Display
Mode A (push SEC/DIV

knob in)

5-23



Adjustment Procedure—336 Service

8. For 50 kHz, 10 MHz, and 50 MHz triggering, set
the TRIGGER COUPLING to DC and repeat
subparts 2 through 7.

e. Set the function generator for an output frequency of
10 Hz and set the Trigger COUPLING to DC.

f. CHECK—Repeat part d, subparts 2 through 5.

g. Set:
A SEC/DIV 10 us
VOLTS/DIV (both) o5V
Horizontal Display
MODE A (push SEC/DIV knob in)
TRIGGER
MODE AUTO
COUPLING AC
SOURCE CH1

h. Disconnect the coaxial cable from the function gen-
erator and connect it to the leveled sine-wave generator
output.

i. Set the sine-wave generator frequency to 50 kHz and
adjust the output amplitude for signal displays 3 divisions in
amplitude.

j- Set both VOLTS/DIV settings to 5 V.

k. CHECK—Repeat part d.

I. Increase the generator frequency to 10 MHz, set the A
SEC/DIV setting to 0.1 us, and switch Trigger COUPLING
to AC.

m. CHECK—Repeat part d, subparts 2 through 8.

n. Set:
VOLTS/DIV (both) 05V
TRIGGER
COUPLING AC
MODE AUTO
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0. Increase the generator frequency to 50 MHz and set
the output amplitude for signal displays 3 divisions in
amplitude.

p. Set VOLTS/DIV settings to 1 V.

gq. CHECK—Repeat part d.

4. Check HF REJ and LF REJ COUPLING

a. Set:
TRIGGER
COUPLING HF REJ
MODE NORM

b. CHECK—A stable A Sweep display cannot be ob-
tained at any A TRIG LEVEL setting on either + or —
SLOPE.

c. Set:
VOLTS/DIV (both) o5V
TRIGGER
COUPLING LF REJ

d. Set the leveled sine-wave generator output for
3-division display amplitudes.

e. Set the VOLTS/DIV settings to 1 V.

f. CHECK—A stable A Sweep display can be obtained
using the A TRIG LEVEL control on both + and — SLOPE.

g. Set the Trigger SOURCE to CH 2 and repeat part f.

h. Set the VOLTS/DIV settings to 0.5 V.

i. Set the sine-wave generator output for a 5-division
display at 10 MHz.

j- Set the VOLTS/DIV settings to 5 V.

k. CHECK—Repeat parts f and g.

U
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I. Set the sine-wave generator to 50 kHz.

m. Set the A SEC/DIV setting to 10 us.

n. CHECK—Repeat parts f and g.

0. Set the A Trigger COUPLING to HF REJ.

p. CHECK—Repeat part f and g.

g. Set:
VOLTS/DIV (both) 05V
A SEC/DIV 20 ms

r. Disconnect the coaxial cable from the leveled sine-
wave generator output and connect it to the function gen-
erator output.

s. Set the function generator for sine-wave output and
adjust the amplitude control for 5-division displays.

t. Set the VOLTS/DIV settings to 5 V.

u. CHECK—Repeat parts f and g.

v. Set the Trigger COUPLING to LF REJ.

w. CHECK—Repeat part b.

x. Disconnect the test equipment from the 336.

5. Check EXT and EXT/10 Trigger Sensitivity
a. Set:

VERT MODE CH2
CH 2 VOLTS/DIV 10 mv
TRIGGER
COUPLING AC
SOURCE EXT

b. Connect the function generator output to the CH 2
and EXT TRIG IN connectors via a 50 Q coaxial cable, a 10X
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attenuator, a 2X attenuator, a 50 Q termination, and a dual-
input coupler.

c. Set the function generator for a 7-division display am-
plitude (70 mV peak-to-peak).

d. CHECK—A stable A Sweep display can be obtained
using the A TRIG LEVEL control on both + and — SLOPE
with both AC and DC Trigger COUPLING.

e. Set:
CH 2 VOLTS/DIV 20 mv
TRIGGER
COUPLING HF REJ

f. Remove the 2X attenuator from the test setup.

g. CHECK—A stable A Sweep Display can be obtained
using the A TRIG LEVEL control on both + and — SLOPE.

h. Set the Trigger COUPLING to LF REJ

i. CHECK—A stable A Sweep Display cannot be ob-
tained using the A TRIG LEVEL control on either + or —
SLOPE.

j- Set:
TRIGGER
SOURCE EXT/10
COUPLING HF REJ
CH 2 VOLTS/DIV 02v

k. Remove the 10X attenuator from the test setup.

. CHECK—Repeat part g.

m. Add the 2X attenuator back to the test setup be-
tween the coaxial cable and the 50 Q termination.

n. CHECK—Repeat part d.

0. Move the coaxial cable from the function generator
output connector to the leveled sine-wave generator output
connector.
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p. Set:
CH 2 VOLTS/DIV 01V
A SEC/DIV 10 us.

g. Set the sine-wave generator for a 7-division signal
amplitude at 50 kHz.

r. CHECK—Repeat part d.

s. Set:
VOLTS/DIV 0.2V
TRIGGER
COUPLING HF REJ

t. Remove the 2X attenuator from the test setup.

u. CHECK-Repeat part g.

v. Set:
TRIGGER
SOURCE EXT
CH 2 VOLTS/DIV 20 mvV

w. Add the 10X attenuator to the test setup.

x. CHECK—A stable A Sweep display can be obtained
using the A TRIG LEVEL control in both + and — SLOPE
with both HF REJ and LF REJ COUPLING.

y. Set:
TRIGGER
COUPLING HF REJ
A SEC/DIV 0.1 pus

z. Increase the sine-wave generator to 10 MHz.

aa. CHECK—Repeat part i.

ab. Set the Trigger COUPLING to LF REJ.

ac. CHECK-—Repeat part g.
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ad. Insert the 2X attenuator back into the test setup.

ae. CHECK—Repeat part d.

af Set:
CH 2 VOLTS/DIV 0.1V
TRIGGER
SOURCE EXT/10

ag. Remove the 10X attenuator from the test setup.

ah. CHECK—Repeat part d.

ai Set:
TRIGGER
COUPLING LF REJ
CH 2 VOLTS/DiIV 0.2V

aj. Remove the 2X attenuator from the test setup.

ak. CHECK—Repeat part g.

al. Increase the sine-wave generator frequency to
50 MHz.

am. Set:
TRIGGER
SOURCE EXT
CH 2 VOLTS/DIV o1V

an. Set the sine-wave generator output for a 7-division
display amplitude.

ao. CHECK—Repeat part g.

ap. Insert the 2X attenuator back the test setup.

ag. CHECK—Repeat part d.

ar. Disconnect the test equipment from the 336.



6. Check LINE Trigger

a. Set:
VERT MODE CHA1
CH 1 VOLTS/DIV 5mV (50 mV with 10X
probe)
A SEC/DIV 5ms
TRIGGER
SOURCE LINE
COUPLING AC
MODE AUTO

b. Connect a 10X probe to the CH 1 input connector.

c. Place the 10X probe tip next to the ac-power cord.

d. Adjust the spacing and/or orientation of the probe tip
with respect to the ac-power cord to obtain about a 4- to 5-
division dispiay amplitude. (A short length of wire wrapped
around the power cord may be used as a pickup loop, if
necessary. Connect the probe tip only to one end of the
wire.)

e. CHECK—A stable line frequency display can be ob-
tained by using the A TRIG LEVEL control in both + and —
SLOPE.

f. Disconnect the 10X probe from the 336.

7. Check Trigger MODE

a. Set:
CH 1 VOLTS/DIV 05V
A SEC/DIV 0.5 ms

b. Connect the output of the function generator to the
CH 1 input connector via a 50 Q coaxial cabie and a 50 @
termination.

c. Set the function generator for a sine-wave output at
1 kHz and set the generator amplitude control for a 4-
division display amplitude.

d. CHECK—Display remains stably triggered as the A
TRIG LEVEL control is rotated through its range on both +
and — SLOPE. (At the transition point between + and —
SLOPE, the display may become unstable.)
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e. Set:

TRIGGER
MODE

NORM
f. Adjust the A TRIG LEVEL control for a stable display.
g. Set the CH 1 AC-GND-DC switch to GND.

h. CHECK—The trace is not visible on the crt.

i. Set:

TRIGGER
MODE

SINGLE
j. CHECK—RESET button is lighted.

k. Set the CH 1 AC-GND-DC switch to DC.

I. CHECK—A single sweep occurs, and the RESET but-
ton is unlighted. Verify that a single sweep occurs with each
press of the RESET button. (Adjust INTENSITY control to
increase the display intensity, if necessary.)

m. Disconnect the test equipment from the 336.

8. Check External Trigger LEVEL Range
a. Set:

CH 1 VOLTS/DIV 05V
TRIGGER
SOURCE EXT
MODE AUTO
COUPLING DC

b. Connect the function generator output to the CH 1
and EXT TRIG IN connectors via a 50 Q coaxial cable, a
50 Q termination, and a dual-input coupler.

¢. Set the function generator output amplitude for a
3-division display. Use the CH 1 Vertical POSITION control
to center the display vertically.

d. Set the Trigger MODE to NORM.
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e. CHECK—Display remains triggered as the TRIG
LEVEL control is rotated to change the trigger point by
+1 V (start of sweep up 1 division and down 1 division from
the center horizontal graticule line).

f. Repeat part e for the — SLOPE side of the TRIG
LEVEL control.

g. Set:
Horizontal Display
Mode ALT (pult SEC/DIV knob to
out position)

TRACE SEP 2.0 div

A TRIGGER
LEVEL For a stable A Sweep
SLOPE + (plus)

h. CHECK—Repeat parts e and f for the B(DLY’'D) TRIG
LEVEL control.

i. Remove the 50 Q termination from the test setup.

j- Set:
CH 1 VOLTS/DIV 5V
Horizontal Display
Mode A (SEC/DIV knob in)
TRIGGER
SOURCE EXT/10

k. Rotate the amplitude control on the function genera-
tor to full amplitude (10 V p-p open circuit). Pull the DC
Offset knob of the function generator to the out position and
rotate it fully counterclockwise (ccw).

{. Use the CH 1 Vertical POSITION control to align the
positive peaks of the sine wave with the center horizontal
graticule line.

m. CHECK—Display remains triggered as the TRIG
LEVEL control is rotated to change the trigger point from
—10 V to 0 V (start of trace changes from 2 divisions below
center graticule to center graticule).

n. Rotate the DC Offset knob on the function generator
to fully clockwise (cw).
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0. CHECK—Display remains triggered as the TRIG
LEVEL control is rotated to change the trigger point from
0V to 10 V (start of trace change from center graticule to 2
divisions above center graticule).

p. CHECK—Repeat part o for the — SLOPE.

q. Rotate the DC Offset knob to fully ccw.

r. CHECK—Repeat part m for the — SLOPE.

s. Set:

Horizontal Display Mode ALT (SEC/DIV knob to the
out position)

A TRIGGER
LEVEL For a stable A Sweep
SLOPE + (plus)

t. CHECK—Repeats parts m through r for the B (DLY'D)
TRIG LEVEL control.

u. Disconnect the test equipment from the 336.

9. Check TV Trigger Sensitivity

a. Set:
VERT MODE CH1
CH 1 VOLTS/DIV 02V
SEC/DIV 20 us
TRIGGER
A MODE NORM
SOURCE CH1
COUPLING TV SYNC
B MODE Triggerable After Delay

b. Connect a source of TV sync-negative composite
video to the CH 1 and EXT TRIG IN connectors via a 50 Q
coaxial cable and a dual-input coupler. (Use a 50 Q termina-
tion depending on the generator output impedance.)

¢. Adjust the generator output amplitude and use atten-
uators as necessary to obtain a 1.5-division display ampli-
tude of the horizontal sync pulses.

——



d. CHECK—That stable TV line triggering can be ob-
tained by adjusting the A TRIG LEVEL control (disregard
field pulses moving through the display).

e. Switch the SEC/DIV setting to 5 ms.

f. CHECK—That stable TV field triggering can be ob-
tained by adjusting the A TRIG LEVEL control.

g. Remove attenuators and adjust the generator output
amplitude to obtain a 7.5-division display amplitude of the
horizontal sync pulses.

h. Set the CH 1 VOLTS/DIV setting to 0.1 V to obtain a
15-division signal amplitude.

i. CHECK—TYV field display remains stably triggered.

j- Set the Trigger SOURCE to EXT.

k. CHECK—TV field display remains stably triggered.

I. Set CH 1 VOLTS/DIV setting to 0.2 V.

m. Insert attenuators and adjust the generator output
amplitude as necessary for a 2-division display amplitude.

n. Set:
SEC/DIV 0.2 ms
TRIGGER
A SLOPE — (minus)
A LEVEL For a stable display

0. CHECK—Display switches to line sync when the
SEC/DIV control is set to 0.1 ms. (Disregard the field pulses
running through the display; the VAR HOLDOFF control
may be adjusted to reduce or eliminate the vertical sync field
pulses from the display).

p. Set:

A SEC/DIV 0.2ms

Horizontal Display
Mode ALT (pull SEC/DIV knob

out)
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B SEC/DIV 20 us

q. CHECK—A stable B Sweep line pulse display can be
obtained by adjusting the B TRIG LEVEL control and that
the A Sweep display remains stably triggered on the field
pulse.

r. Disconnect the test equipment from the 336.

10. Check Trigger Jitter

a. Set:
CH 1 VOLTS/DIV 01V
A SEC/DIV 0.1 ms
Horizontal Display
Mode A (SEC/DIV knob in)
DISPLAY MODE STORE
TRIGGER
MODE NORM
COUPLING AC
SOURCE CH 1
SLOPE + (plus)
LEVEL For a triggered display

with signal applied

b. Connect the fast-rise + output of the calibration gen-
erator to the CH 1 input connector via a 50 Q coaxial cable
and a 50 Q termination.

c. Set the calibration generator frequency for a 1 kHz
signal and adjust the output amplitude control to obtain
about a 5-division display amplitude.

d. Use the Horizontal POSITION control to move the ris-
ing edge of the waveform to the center vertical graticule line.

€. Press in the X10 MAG button and use the Horizontal
POSITION control to align the rising edge of the magnified
display with the center vertical graticule line.

f. CHECK-—Jitter of the rising edge of the waveform is
approximately +0.1 division horizontally.

g. Set:
DISPLAY MODE NON STORE
A SEC/DIV 10 ns (with X10 MAG on)
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h. Disconnect the coaxial cable from the calibration gen-
erator and connect it to the output of the leveled sine-wave
generator.

i. Set the sine-wave generator for an output frequency of
50 MHz and adjust the amplitude controls for about a
5-division display amplitude.
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j. Use the Horizontal POSITION control to align the ris-
ing edge of one of the sine-wave cycles with the center verti-
cal graticule line.

k. CHECK—Jitter on the rising edge of the waveform is
+ 0.1 division or less.

I. Disconnect the test equipment from the 336.
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HORIZONTAL

Equipment Required (see Table 4-1)

Time Mark Generator (ltem 3)
Test Oscilloscope (Item 6)
50 @ BNC Coaxial Cable (Iltem 11)

50 Q Precision BNC Coaxial Cable (Item 12)
50 @ BNC Termination (Item 13)

Alignment Tool (Item 17)

See

ing the adjustments and checks for maximum accuracy.

NOTE

If starting the adjustment procedure at this point, prior to applying power to the 336, verify that the Nominal
Volitage Selector is set to the correct power source voltage. Connect the 336 to an appropriate power source via
an isolation transformer and apply power to the test equipment and 336. Make the initial 336 control settings as
soon as the Power-on diagnostics routine has completed, and allow a 20-minute warmup period before commenc-

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-
dure and will be set when necessary.

Set:

INTENSITY

FOCUS

VERT MODE

CH 1 VOLTS/DIV
VOLTS/DIV VAR (both)
CH 2 INVERT

AC-GND-DC (both)
Vertical POSITION (both)

DISPLAY MODE
NON STORE
STORE
VIEW

Horizontal Display
Horizontal POSITION
SEC/DIV

X10 MAG

VAR SWP/HOLDOFF

Visible display

Best defined display
CH 1

o5V

CAL (in detent)

Noninverted (no down ar-
row displayed with CH 2
VERT MODE)

DC
Midrange

ON (LED lighted)
OFF
OFF

A (SEC/DIV knob in)
Midrange

1ms

OFF

CAL/NORM (in detent)

TRIGGER
MODE
SOURCE
COUPLING
A LEVEL

A SLOPE
B LEVEL

Main MENU Selections
READOUT
TIME OUT
STORE MODE
CURSORS
HORIZ VAR
TRACE SEP

at the rear of this manual for location of adjustments and test points.

AUTO

CHA1

AC

For a stable display (with
signal applied)

+ (plus)
RUNS AFTER DELAY

ON
sLow
NORMAL
OFF
SEC/DIV
2.0 DIV

1. Adjust X10 MAG Registration {(A12R200)

a. Connect the output of the time-mark generator to the
CH 1 input connector via a 50 @ BNC coaxial cable and a

50 Q termination.

b. Set the generator for 5 ms time markers.

¢. Use the Horizontal POSITION control to align the mid-
dle time marker with the center vertical graticule line.

d. Set X10 MAG on.
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€. Repeat part c.

f. Set X10 MAG off.

g. ADJUST—Mag Registration A12R200 to position the
middle time marker to the center horizontal graticule line.

h. Repeat parts d through g until no horizontal shift of
the time marker is observed between X10 MAG on and off.

2. Adjust READOUT Horizontal Gain and Position
(A4R284 and A4R280)

a. Press MENU ON/OFF and MENU LAST buttons at
the same time and release together to enter the diagnostics
mode.

b. Press Trigger Mode RESET button, then press the
MENU 2 button to display a full screen of plus symbols ().

c. If the display extends horizontally beyond the grati-
cule edges, set Readout Gain A4R284 fully counterclock-
wise (minimium gain); otherwise, skip to part d.

d. ADJUST—Readout Horizontal Position A4R280 to
center the display within the graticule area.

e. ADJUST—Readout Gain A4R284 for a full-screen
display (left and right end of the display on the first and last
vertical graticule line respectively).

f. Press MENU ON/OFF and MENU LAST buttons at the
same time and release together to exit the diagnostics
mode.

g. Set the READOUT OFF (press MENU ON/OFF,
MENU 4, MENU 1, MENU 2).

h. CHECK—VOLTS/DIV and SEC/DIV Readouts turn
off.

i. Set the READOUT ON (press MENU LAST, if menu
display has timed out, then MENU 1).
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3. Adjust A Sweep, B Sweep, and STORE Mode
Display Timing

a. Set the time-mark generator for 1 ms time markers.

b. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd veritical graticule line.

c. ADJUST—A 1 ms Timing A3R424 for exactly 1 time
marker per division over the center 8 divisions.

d. Set:
A SEC/DIV 2ms
B SEC/DIV 1ms

Horizontal Display

Mode B (push SEC/DIV knob in
after setting sweep
speeds)

B TRIGGER

MODE Triggerable After Delay
LEVEL For a stable B Sweep
display

DLY TIME Minimum delay (press left

DLY TIME button until de-
lay time readout stops
changing)

e. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd vertical graticule line.

f. ADJUST—B 1 ms Timing A3R524 for exactly 1 time
marker per division over the center 8 divisions.

g. Set:
Horizontal
Display Mode ALT (SEC/DIV knob out)
A SEC/DIV 0.2 us
B SEC/DIV 0.1 us

h. Set the time mark generator for 0.1 us time markers.

i. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd vertical graticule line.




j- ADJUST—B 100 ns Timing A3C554 for exactly 1 time
marker per division over the center 8 divisions.

k. Set:

Horizontal Display

Mode A (SEC/DIV knob back
10 0.2 us)
A SEC/DIV 0.1 us

I. ADJUST—A 100 ns Timing A3C454 for exactly 1 time
marker per division over the center 8 divisions.

m. Set:
A SEC/DIV 1ms
DISPLAY MODE STORE

n. Set the time-mark generator for 1 ms time markers.

0. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd graticule line.

p. ADJUST—Storage Sweep Length A6R54 for exactly

} 1 time marker per division over the center 8 divisions.

q. Set A SEC/DIV to 1 us.

r. Set the generator for 1 us time markers.

s. ADJUST—Equivalent Mode Horizontal Gain ASR732
for exactly 1 time marker per division over the center 8 divi-
sions.

t. Disconnect test equipment from the 336.

4. Adjust Storage X Gain (A6R370)

a. Connect the standard-amplitude output of the calibra-
tion generator to the CH 1 OR X input via a 50 Q Precision
coaxiai cable.

b. Set the calibration generator output for a 2V
standard-amplitude signal.

|
)
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c. Set:
SEC/DIV 1ms
VERT MODE DUAL TRACE
Horizontal POSITION Midrange

d. Set the Storage Display to X-Y (press MENU
ON/OFF, MENU 1, MENU 3, MENU 2).

e. Use the CH 1 Vertical POSITION control to align the
end of the trace with a convenient vertical graticule line as a
measurement reference point.

f. ADJUST—Storage X Gain A6R370 for a 4-division
horizontal display.

g. Set the Storage Display back to TIME (press MENU
LAST, MENU 1).

5. Adjust NON STORE X-Axis Gain and Position
(A4R220 and A1R217)

a. Set:
CH 1 VOLTS/DIV 5 mv
DISPLAY MODE NON STORE
SEC/DIV X-Y (SEC/DIV knob ccw to
X-Y)

b. Set the calibration generator for a 20 mV standard-
amplitude signal.

¢. ADJUST—X-Y Gain A4R220 for a 4-division horizon-
tal display. (Use the CH 1 Vertical POSITION control to align
the display horizontally with the graticule lines for making
the measurement.)

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

e. Set the CH 1 Vertical POSITION control to midrange
(white index dot at the top of the knob).

f. ADJUST—X-Y Pos A1R217 to align the dot with the
center vertical graticule line.

g. Disconnect the test equipment from the 336.
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6. Adjust X10 MAG Gain and Linearity (A4R266
and A4R298)

a. Set:
VERT MODE CH 1
CH 1 VOLTS/DIV 05V
CH 1 AC-GND-DC DC
DISPLAY MODE NON STORE
A SEC/DIV 1 ms (with X10 MAG off)
X10 MAG ON

b. Connect the output of the time-mark generator to the
CH 1 input via a 50 Q coaxial cable and a 50 Q termination.

c. Set the generator output for 0.1 ms time markers.

d. Use the Horizontal POSITION control to align one of
the time markers with the center vertical graticule line.

e. ADJUST—X10 Gain A4R266 for exactly 1 time
marker per division over the center 8 divisions.

f. Set SEC/DIV to 10 ns.

g. Set the generator output for 20 ns time markers.

h. ADJUST—Linear Center A4R298 for the best linear-
ity over the center 8 divisions (1 time marker per 2 divisions).

7. Check VAR SEC/DIV Range

a. Set:
X10 MAG Oft
SEC/DIV 0.1 ms (with X10 MAG off)

b. Set the generator for 0.1 ms time markers (1 time
marker per division).

¢. CHECK—Number of time markers per divisions in-
creases to at least 5 markers per 2 divisions as the VAR
SWP/HOLDOFF control is rotated counterclockwise.

d. Return the VAR SWP/HOLDOFF control to the detent
position (fully clockwise).
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8. Adjust Delay Time Start and Stop (A4R122 and
A4R128)

a. Set:

Horizontal Display

Mode ALT (SEC/DIV knob out)

B SEC/DIV 1us

B TRIGGER

MODE RUNS AFTER DELAY (in
detent  fully  counter-
clockwise)

b. Set the generator for 50 us time markers.

c. Use the Horizontal POSITION control to align the
start of the A Sweep trace with the first vertical graticule
line.

d. Press the right DLY TIME/CURSOR button and hold
it until the Delay Time position readout stops changing (dot
at the right side of the trace).

e. ADJUST—Delay Stop A4R128 to position the delay
time dot on the 21st time marker on the A Sweep, and con-
tinue the adjustment to align the rising edge of the time
marker on the B Sweep with the start of the B Sweep trace.

f. Press the left DLY TIME/CURSOR button and hold it
until the Delay Time position readout stops changing (dot at
the left side of the trace).

g. ADJUST—Delay Start A4R122 to position the delay
time dot on the 2nd time marker in from the left edge, and
continue the adjustment to align the rising edge of the time
marker on the B Sweep with the start of the B Sweep trace.

h. Repeat parts d through g until no further improvement
is noted in the Delay Time Position adjustment.

9. Check Delay Time Jitter

a. Set:
A SEC/DIV 1ms
B SEC/DIV 1 us

Delay Time Position Minimum delay (press left
DLY TIME/CURSOR posi-
tion button until delay

readout stops changing)




b. Set the generator for 1 ms time markers.

¢. Use the Horizontal POSITION control to align the time
markers displayed on the A Sweep with the vertical grati-
cule lines.

d. Use the DLY TIME/CURSOR position buttons to po-
sition the delay time intensified dot on the A Sweep to the
2nd time marker.

e. Push in the A SEC/DIV knob to obtain a display of the
B Sweep only (adjust INTENSITY as necessary for viewing).

f. Use the DLY TIME/CURSOR position bottons to align
the rising edge of the time marker with the center vertical
graticule line, then press in both DLY TIME/CURSOR but-
ton to zero the delay time readout.

g. CHECK—Delay time jitter is 1 division or less horizon-
tal movement of the rising edge of the time marker.

h. Pull the SEC/DIV knob out for ALT Horizontal
Display.

i. Set the Delay Time to 8.0 ms, then press the SEC/DIV
knob back in for a B Sweep display only.

NOTE

At the amount of magnification displayed by the B
Sweep display, the difference between delay-time
positioning resolution and delay-time readout resolu-
tion becomes a factor in determining the exact posi-
tion of the time marker rising edge.

j. Set the Delay Time Position as necessary to view the
rising edge of the time marker near the graticule center.

k. CHECK—Repeat part g.

10. Check VAR HOLDOFF Range

a. Set:
Horizontal Display
Mode A (SEC/DIV knob in})
A SEC/DIV 10 ps
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b. Set the HORIZ VAR to HOLDOFF (press MENU
ON/OFF, MENU 3, MENU 1, MENU 1). The front-panel VAR
SWP/HOLDOFF control will now vary the holdoff time.

c. Turn the READOUT display off (press MENU ON/
OFF, MENU 4, MENU 1, MENU 2).

d. Set the time-mark generator for 0.2 us time markers.

e. Set the Test Oscilloscope controls:

Volts/Div 05V
Sec/Div 50 us
Vert Mode Ch 1
Ch 1 Ac-Gnd-Dc Ac
Trigger
Coupling Ac
Mode Auto
Slope — (minus)
Level For a stable display
Horizontal
Display Mode A Sweep only

f. Connect the 10X probe tip from the test oscilloscope
to A3TP480 (A Sweep) and connect the probe ground lead
to chassis ground of the 336.

g. Use the Var Sec/Div control on the test oscilloscope
to obtain a 1-division horizontal display of the A Sweep
holdoff time (the flat portion at the bottom of the waveform).

h. CHECK—Holdoff time increases to 10 divisions or
more as the VAR SWP/HOLDOFF control on the 336 is
rotated fully counterclockwise.

i. Set the VAR HOLDOFF back to NORM (fully clock-
wise) and turn the READOUT back on (press MENU LAST,
MENU 1).

11. Check Horizontal POSITION Range
a. Set The CH 1 AC-GND-DC switch to GND.

b. CHECK—Left and right ends of the trace can be posi-
tioned horizontally past the center vertical graticule line as
the Horizontal POSITION control is rotated fully clockwise
and fully counterclockwise respectively.
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12. Check A and B NON STORE Timing Accuracy

a. Set:

A TRIGGER
MODE NORM
LEVEL For a stable display
SLOPE +

SEC/DIV 0.1 us

CH 1 AC-GND-DC DC

b. Set the time-mark generator for 0.1 us time markers.

c. Use the CH 1 Vertical POSITION control to place the
tips of the time markers at the center horizontal graticule
line (for ease in determining timing from the graticule
markings).

d. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd vertical graticule fine. (Maintain
alignment of the 2nd time marker with the 2nd vertical grati-
cule line when checking the timing accuracy at all sweep
speeds.)

e. CHECK—Timing accuracy at the 10th graticule line is
within 2% (0.2 division) and linearity between any two divi-
sions of the center eight divisions is within 4% (0.08 division)

f. Change the SEC/DIV setting and the time-mark gen-
erator setting, one step at a time, to maintain 1 time marker
per division and repeat parts d and e for each sweep speed
(up to 0.2 s for the A Sweep and 50 ms for the B Sweep).

g. Set:
CH 1 VOLTS/DIV 05V
SEC/DIV 0.1 us
Horizontal
Display Mode ALT (SEC/DIV knob out)

Delay Time Position Minimum delay (press left
DLY TIME/CURSOR but-
ton until delay time readout

stops changing)

h. Set the time-mark generator for 0.1 us time markers.

i. Use the CH 1 Vertical POSITION control to align the
tops of the time markers display on the B Sweep with the
center horizontal graticule line (for ease in checking timing).
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j. CHECK—Repeat parts d, e, and f to check the B
Sweep timing accuracy and 2-division linearity.

k. Set:

Horizontal Display
Mode

A SEC/DIV
CH 1 VOLTS/DIV

A (SEC/DIV knob in)
0.1 us (with X10 MAG off)
05V

|. Set the time-mark generator for 20 ns time markers
and press in the X10 MAG button on the front panel of the
336 (1 time marker per 2 divisions).

m. Use the Horizontal POSITION control to align a dis-
played time marker with the 2nd vertical graticule line. (The
first and last 50 ns of the 10 ns and 20 ns per division
sweeps are excluded from the timing accuracy and 2-
division linearity checks.)

n. CHECK—Magpnified timing accuracy at the 10th verti-
cal graticule line is within 3% (within 0.3 division) and linear-
ity between any 2 divisions over the center 8 divisions is
within 5% (within 0.1 division).

0. Change the SEC/DIV setting and the time-mark gen-
erator setting, one step at a time, to maintain 1 time marker
per division for the remaining sweep speeds, and repeat
parts m and n for each sweep speed (up to 20 ms for the A
Sweep and 5 ms for the B Sweep).

p. Set the time-mark generator for 20 ns time markers.

q. Set:
SEC/DIV 10 ns (with X10 MAG on)

Horizonta! Display

Mode ALT (pull SEC/DIV knob
out)
A TRIGGER
LEVEL For a stable display

r. CHECK—Repeat parts m, n, and o for the B Magni-
fied timing accuracy and 2-division linearity checks.

13. Check Storage Timing Accuracy
a. Set:

X10 MAG Off (button unlighted)




A SEC/DIV 0.2 s (with X10 MAG off)
CH 1 AC-GND-DC GND

Horizontal Display A (push SEC/DIV knob in)

Mode
TRIGGER MODE
DISPLAY MODE

AUTO
STORE

b. Turn on the CURSORS (press MENU ON/OFF,
MENU 1, MENU 4).

¢. Use the Horizontal POSITION control to align the
start of the trace with the 1st vertical graticule line.

d. Use the DLY TIME/CURSOR buttons to align one
cursor dot exactly with 2nd vertical graticule line.

e. Press MENU button 1 to activate the second cursor
and position it to the left for a time difference readout of
1.600 s.

f. CHECK—Graticule indication of cursor difference at
the 10th graticule line is accurate within 2% (0.2 division).

g. Change the SEC/DIV setting, one step at a time, and
repeat part f for each sweep speed. Use the Horizontal
POSITION control as necessary to keep the 1st cursor dot
aligned with the 2nd vertical graticule line.

h. Set the time-mark generator for 0.1 us time markers
and set the CH 1 AC-GND-DC switch to DC.

i. Turn the CURSORS mode off (press MENU button 2).

j. Use the Horizontal POSITION control to align the 2nd
time marker with the 2nd vertical graticule line.

k. CHECK—Equivalent-time sampling accuracy is within
2% (0.2 division) at the 10th vertical graticule line.

I. Change the SEC/DIV setting and time-mark generator
setting, one step at a time, to maintain 1 time marker per
division, and repeat parts j and k for A Sweep speed
settings down to 50 us per division (the end of the equiva-
lent-time sampling region).
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14. Check Delay Time Differential Accuracy

a. Set:
CH 1 VOLTS/DIV 1V
SEC/DIV (both) 0.1 us
DISPLAY MODE NON STORE

Horizontal Display

Mode ALT (SEC/DIV knob out)

DLY TIME Minimum (press left DLY
TIME/CURSOR  position
button until readout stops
changing)

TRACE SEP 2.0 DIV

b. Set the time-mark generator for 0.1 us time markers
and use the CH 1 vertical POSITION control to position the
tips of the time markers displayed by the B Sweep near the
center horizontal graticule line.

c. Use the Horizontal POSITION control to align the 2nd
time marker on the B Sweep with a reference vertical grati-
cule line. (The 1st time marker may not be completely visible
on the B Sweep trace; therefore, at the faster A Sweep
speeds the 2nd vertical graticule line makes a convenient
reference line.)

d. Press both DLY TIME/CURSOR position buttons at
the same time and release to zero the delay time readout.
Use the Horizontal POSITION control to realign the time
marker with the reference graticule line as necessary.

e. Press the right DLY TIME/CURSOR button to posi-
tion the 10th time marker to the reference vertical graticule
line (8-division spacing between the 2nd and 10th time
markers). The correct delay for an 8-divisions spacing is
given in column 3 of Table 5-3.

f. CHECK—Delay time readout is within the limits given
in Table 5-3, column 4 (Delay Readout Limits).

g. Using the remaining time-mark generator and B
SEC/DIV switch settings given in Table 5-3, check the 8-
division delay time accuracy for each A SEC/DIV switch set-
ting given in column 1 of the table.
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NOTE

When switching the A SEC/DIV switch setting to the
next slower sweep speed, use the following
procedure.

1. Rotate the SEC/DIV knob ccw to obtain the next
slower A SEC/DIV setting to be checked.

2. Rotate the SEC/DIV knob cw to obtain the next B
SEC/DIV setting to be used. -

NOTE

Some setup time for each check may be saved by
alternately checking the delay from the 2nd time
marker to the 10th; then, at the next slower A
SEC/DIV switch setting to be checked, from the 10th
time marker back to the 2nd time marker. Zero the
delay-time readout and align the starting time marker
with the reference graticule to start at either end of the
delay.

NOTE

As indicated in Table 5-3, at the slowest A Sweep
speeds the A Trigger MODE should be switched to
NORM to prevent the AUTO trigger from being gener-
ated before a signal triggering event occurs. Adjust
the A TRIG LEVEL control as necessary to obtain a
stable display on the + SLOPE.

NOTE

At the slower A SEC/DIV settings, the A Sweep trace
may be removed from the display to eliminate the
flicker due to sweep switching while making the actual
timing accuracy check. After setting the correct A and
B SEC/DIV settings, simply press in the SEC/DIV
knob to obtain the B Delayed Sweep only. After mak-
ing the check, pull the SEC/DIV knob out to set the
new sweep speed settings for the next check.

h. Disconnect the test equipment from the 336.

15 Check TRACE SEP Operation

a. Set:
A SEC/DIV 1ms
B SEC/DIV 0.1 ms
TRIGGER
MODE AUTO

b. Use the CH 1 Vertical POSITION control to align the

B Sweep trace with the center horizontal graticule line.
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Table 5-3
Differential Timing Accuracy
Time-Mark |B Sec/Div| Eight Delay
Generator | Setting Division Readout
and Delay Limits
A Sec/Div
Settings
0.1 us 0.1 us 800 ns 787 ns to 813 ns
0.2 us 0.1 us 1.600 us 1.574 us t0 1.626 us
0.5 us 0.1us 4.000 us 3.935 us to 4.065 us
1us 0.1 us 8.00 us 7.87 us to 8.13 us
2 us 0.2us 16.00 us 15.74 us to 16.26 us
5 us 0.5us 40.00 us 39.35 us to 40.65 us
10 us 1us 80.0 us 78.7 us to 81.3 us
20 us 2us 160.0 us 157.4 us to 162.6 us
50 us 5us 400.0 us 393.5 us to 406.5 us
0.1 ms 10 us 800 us 787 us to 813 us
0.2 ms 20us | 1.600ms | 1.574 ms to 1.626 ms
0.5ms 50 us | 4.000 ms | 3.935 ms to 4.065 ms
1ms 0.1 ms 8.00 ms 7.87 ms to 8.13 ms
2ms 02ms | 16.00 ms | 15.74 ms to 16.26 ms
5ms 05ms | 40.00 ms | 39.35 ms to 40.65 ms
10 ms 1ms 80.0 ms 78.7 ms to 81.3 ms
20 ms 2ms | 160.0 ms | 157.4 ms to 162.6 ms
50 ms 2 5ms | 400.0 ms | 393.5 ms to 406.5 ms
0.ts?® 10 ms 800 ms 787 ms to 813 ms
02s 2 20ms | 1.600 s 1.574 s t0 1.626 s

aSet A Trigger MODE to NORM.

¢. Press MENU ON/OFF, MENU 3, then MENU 2 to ob-

tain the TRACE SEP Menu display.

d. Press MENU button 2 to decrement the trace separa-
tion between the A Sweep and the B Delayed Sweep.

e. CHECK—Each decrement decreases the trace sepa-
ration by approximately 0.5 division, and at 0.0 DIV separa-
tion, the traces are overlayed.

NOTE

The TRACE SEP Menu display times out. To recall it if
it times out before you have completed the check,
simply press the MENU LAST button.
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EXTERNAL Z-AXIS, CALIBRATOR, CHART OUT,
AND OPTION 01

Digital Multimeter (Item 5)

X-Y Plotter (Item 8)

Equipment Required (see Table 4-1)
Calibration Generator (Item 2)

Test Oscilloscope with Probes (ltem 6)
GPIB Controller for Option 01 (item 7)

Isolation Transformer (Item 10)

50 Q Precision BNC Coaxial Cable (Item 12)
Dual-input Coupler (Item 20)

Shorting Plug (Item 21)

See

at the rear of this manual for location of adjustments and test points.

NOTE

If starting the adjustment procedure at this point, prior to application of power to the instrument, verify that the
Nominal Voltage Selector is set for the correct ac source voltage. Connect the 336 to an appropriate power source
via an isolation transformer. Apply power to the instrument and test equipment. Make the initial control settings
upon completion of the Power-on diagnostics routine, and allow a 20-minute warmup period before commencing

the adjustments and checks for maximum accuracy.

INITIAL CONTROL SETTINGS

Control settings not listed do not affect the initial proce-

dure and will be set when needed.

Set:
INTENSITY
FOCUS
VERT MODE
CH 1 VOLTS/DIV
AC-GND-DC (both)
Vertical POSITION

DISPLAY MODE
NON STORE
STORE
VIEW

Horizontal Position

Horizontal Display
Mode

SEC/DIV
VAR SWP/HOLDOFF

REV APR 1984

Visible display

Best defined display
CH 1

1V

AC

Midrange

On (LED illuminated)
Off
Off

Migrange

A (SEC/DIV knob in)
05 ms
CAL/NORM (in detent)

TRIGGER
MODE AUTO
SOURCE CH 1
COUPLING AC
A SLOPE + (plus)
A LEVEL For a stable display with
signal applied
Main MENU Selections
READOUT ON
TIMEOUT SLOW
STORE MODE NORMAL

1. Check External Z-Axis Input (NON STORE
Mode only)

a. Connect the output of the calibration generator to the
CH 1 and EXT Z-AXIS IN input connectors via a 50 & BNC
coaxial cable and a dual-input coupler.

b. Set the calibration generator for a 5V standard-
amplitude signal output.

¢. CHECK—Top half of signal is blanked, and blanking
starts at approximately 3 V (3 divisions from the negative
peak).
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d. Disconnect the test equipment from the 336.

2. Adjust/Check Calibrator Output (A1R992)
a. Install a shorting plug across A1P982.

b. Set the DMM to measure on the 2 V DC range.

c. Connect the LO lead (minus) of the DMM to chassis
ground on the 336 and connect the HI lead (plus) to the CAL
OUT connector.

d. ADJUST—Cal Voits Adjust (A1R992) for a DMM
reading of .300 V.

e. Remove the shorting plug from A1P982.

f. Set the test oscilloscope for a Voits/Div of 0.1 V (with
10X probe attached) and a Sec/Div of 1 ms. (The 336 may
be used as the test oscilloscope.)

g. Connect the probe ground lead to chassis ground on
the 336 and connect the probe tip to the CAL OUT
connector.

h. CHECK—Calibrator frequency is
1 kHz.

approximately

i. Disconnect the test equipment from the 336.

3. Check CHART OUT Operation

a. Set:
CH 1 VOLTS/DIV 1V
SEC/DIV 0.5ms
DISPLAY MODE
NON STORE Off
STORE On
VIEW Off

b. Connect the output of the function generator to the
CH 1 input connector via a 50Q cable and a 50Q
termination.

¢. Set the function generator for a 1 kHz sine-wave sig-
nal and adjust the output amplitude for a 5-division display.
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d. Press the ENTER button to store the displayed
waveform.

e. Set the DISPLAY MODE to VIEW.

f. Connect the appropriate cables of the X-Y Plotter to
the X, Y, and SIG GND connectors on the 336 right side
panel.

g. Select the CHART Menu (use the Menu diagram in
the front-cover to determine the selection path).

h. Press MENU button 3 to obtain the X-Y Plotter cali-
bration voltage at the X and Y output connectors and apply
power to the X-Y Plotter.

i. Adjust the X-Y Plotter sensitivity to calibrate the plot to
the 336 crt graticule. Successive presses of the CAL button
(MENU 3) switch the calibration voltages between full upper
right and full lower left corner deflection of the 336 crt grati-
cule. (Refer to the X-Y Plotter Operator's Manual for its
operation.)

j. When the X-Y Plotter is calibrated, lift the plotting pen
and install a new graph paper (if desired).

k. With the plot pen still up, press MENU button 1 (FAST
START) to commence the plot. When the pen reaches the
starting point, lower it to draw the waveform. At the end of
the plot, lift the pen. (Approximately 7 seconds is allowed for
all pen lifting and pen lowering movements.)

|. CHECK—The waveform plotted corresponds to the
waveform displayed by the 336.

m. Disconnect the X-Y Plotter and test equipment from
the 336.

4. Check GPiB (Option 01)
a. Turn.off the 336.

b. Connect the GPIB cable from the controller to the 336
GPIB connector.

¢. Connect the function generator output to the CH 1
and CH 2 input connectors via a 50 @ coaxial cable, a 50 Q
termination, and a dual-input coupler.




)

d. Apply power to the 336 and set the front-panel con-
trols as follows:

VERT MODE DUAL TRACE
VOLTS/DIV (both) 2V
DISPLAY MODE STORE
Main MENU Selections
DATA OUT GPIB

e. Adjust the function generator output to obtain 2-
division display amplitudes on the CH 1 and CH 2 trace. Use
the Vertical POSITION control to place the display at conve-
nient locations within the graticule area.

f. Use the INCR-DECR buttons (MENU 1 and MENU 2)
to set the GPIB My Talk Address (mta) and note the ad-
dress chosen for later use. (Do not set the address to TALK
ONLY.)

g. Start the GPIB test program running in the controller
(see “Options,” Section 7 for sample program listings).

h. Enter the Talk Address of the 336.

i. CHECK—Power on SRQ (decimal 65) was issued.

j- Request a waveform plot by pressing MENU button 3.

k. CHECK—Transmit request SRQ (decimal 195) is is-
sued and waveforms plotted correspond to the waveforms
displayed on the 336.

I. Turn off the 336 and disconnect the GPIB cable.

5. Check Extended Memory and Battery Backup
a. Apply power to the 336.

b. Set:
VERT MODE DUAL TRACE
VOLTS/DIV (both) 2v
SEC/DIV 0.5 ms
CURSORS On

c. Use the following procedure to store waveforms in all
the VIEW memory stack locations:
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1. Press the ENTER push button to store the display
in the current memory stack location.

2. Press VIEW to obtain the VIEW menu display.

3. Press MENU button 1 (INCR) to increase the stack
location number by 1.

4. Select STORE Display Mode again and press EN-
TER to store the display in the new stack location.

5. Continue subparts 2 through 4 until all VIEW mem-
ory stack locations are filled.

d. Leave VIEW Display Mode selected and turn off the
336.

e. Wait several minutes and reapply power to the 336.

f. CHECK—Front-panel controls are set as in part b and
VIEW Display Mode is on.

g. Press the VIEW button twice to obtain the VIEW
Menu and use the INCR button (MENU 1) to scroll through
the entire memory stack.

h. CHECK—That the waveforms stored in VIEW mem-
ory in part ¢ have been retained.

i. Turn off the 336.

j- Press A8S130 to clear the memory.

k. Reapply power to the 336.

I. CHECK—Front panel settings are as follows:

VERT MODE CH1
VOLTS/DIV 50 mv
DISPLAY MODE NON STORE
SEC/DIV 2ms
TRIGGER
MODE AUTO
SOURCE CH1
COUPLING AC

m. Disconnect the test equipment from the 336.
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MAINTENANCE

INTRODUCTION

This section of the manual contains information for conducting preventive maintenance, troubleshooting, and corrective
maintenance on the 336 Oscilloscope. Circuit board removal procedures are included in the corrective maintenance part of this

section.

STATIC-SENSITIVE COMPONENTS

The following precautions are applicable when perform-
ing any maintenance involving internal access to the

instrument.

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 semiconduc-
tors. Static voltages of 1 kV to 30 kV are common in unpro-
tected 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 compo-
nents or assemblies.

3. Discharge the static voltage from your body by wear-
ing a grounded antistatic wrist strap while handling these
components. Servicing static-sensitive components or as-
semblies should be performed only at a static-free work sta-
tion 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 when-
ever possible.

6. Pick up components by their bodies, never by their
leads.

Table 6-1
RELATIVE SUSCEPTIBILITY
TO STATIC DISCHARGE DAMAGE

Relative
Susceptibility
Levels®

Semiconductor Classes

MOS or CMOS microcircuits or
discretes, or linear microcircuits
with MOS inputs. (Most Sensitive)

ECL

—_

Schottky signal diodes

Schottky TTL

High-frequency bipolar transistors

JFETs

Linear microcircuits

Low-power Schottky TTL

O |0 (N O W [N

TTL (Least Sensitive)

nVoItage equivalent for levels: (Voltage discharged from a
100 pF capacitor through a resistance of 100 .)

=100to 500V 4 =500V 7 = 400 to 1000 V (est.)
200to 500V 5=400to 600V 8 =900V

1
2
3=250V 6=600to 800V 9 =1200V

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.
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9. Use a soldering iron that is connected to earth
ground.

10. Use only approved antistatic,
desoldering tools for component removal.

vacuum-type
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PREVENTIVE MAINTENANCE

INTRODUCTION

Preventive maintenance consists of cleaning, visual in-
spection, and checking instrument performance. When ac-
complished regularly, it may prevent instrument malfunction
and enhance instrument reliability. The severity of the envi-
ronment in which the instrument is used determines the re-
quired frequency of maintenance.

An appropriate time to accomplish preventive mainte-
nance 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 336. The front cover supplied with the instrument pro-
vides both dust and damage protection for the front panel
and crt, and it should be on whenever the instrument is
stored or is being transported.

INSPECTION AND CLEANING

The 336 should be visually inspected and cleaned as of-
ten as operating conditions require. Accumulation of dirt in
the instrument can cause overheating and component
breakdown. Dirt on components acts as an insulating blan-
ket, preventing efficient heat dissipation. It also provides an
electrical conduction path that could result in instrument fail-
ure, especially under high-humidity conditions.

Avoid the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Use a nonresidue-type cleaner, preferably isopropy!
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.

Exterior

INSPECTION. Inspect the external portions of the instru-
ment 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 dur-
ing external cleaning, use only enough liquid to
dampen the cloth or applicator.

CLEANING. Loose dust on the outside of the instrument
can be removed with a soft cloth or small soft-bristle brush.
The brush is particularly useful for disiodging 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 tight filters, one blue and one clear, are pro-
vided with the oscilloscope. Clean the light filters and the crt
face with a soft lint-free cloth dampened with either isopro-
pyl 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 Replace-
ment Instructions” in the “Corrective Maintenance” part of
this section.

INSPECTION. Inspect the internal portions of the 336 for
damage and wear, using Table 6-3 as a guide. Deficiencies
found should be repaired immediately. The corrective proce-
dure 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 instru-
ment; 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 Perfor-
mance Check for the affected circuit and for other closely
related circuits (see Section 4). If repair or replacement work
is done on any of the power supplies, conduct a complete
Performance Check and, if so indicated, an instrument read-
justment (see Sections 4 and 5).

To prevent damage from electrical arcing, ensure that
circuit boards and components are dry before apply-
ing power to the instrument.
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Table 6-2

External Inspection Check List

Item

Inspect For

Repair Action

Cabinet, Front Panel, and Cover

hardware or gaskets.

Cracks, scratches, deformations, damaged Touch up paint scratches and replace

defective components.

Front-panel Controls

and controls.

Missing, damaged, or loose knobs, buttons, | 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, Replace damaged or missing items,
broken or frayed cables, and damaged frayed cables, and defective parts.
connectors.

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 isopropyl alcohol. Resolder defective
connections. Determine cause of burned items
and repair. Repair defective circuit runs.

Resistors

Burned, cracked, broken, 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 isopropyl alcohol.

Capacitors

Damaged or leaking cases. Corroded solder
on leads or terminals.

Replace defective capacitors. Clean solder
connections and flush with isopropy! 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, broker.,
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.

-~




CLEANING. To clean the interior, blow off dust with dry,
low-pressure air (approximately 9 psi). Remove any remain-
ing dust with a soft brush or a cloth dampened with a solu-
tion 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:

An exception to the following procedure is the Front-
Panel module. Clean it only with isopropy! alcohol as
described in step 4.

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

Most of the switches used in the 336 are sealed and
the contacts are inaccessible. If cleaning is deemed
necessary, use only isopropyl alcohol.

4. Clean switches with isopropyl alcohol and wait 60
seconds for the majority of the alcohol to evaporate. Then
complete drying with low-pressure air.
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5. Dry all components and assemblies in an oven or dry-
ing compartment using low-temperature (125° F to 150° F)
circulating air.

LUBRICATION

There is no periodic lubrication required for this
instrument.

SEMICONDUCTOR CHECKS

Periodic checks of the transistors and other semiconduc-
tors in the oscilloscope are not recommended. The best
check of semiconductor performance is actuai operation in
the instrument.

PERIODIC READJUSTMENT

To ensure accurate measurements, check the perfor-
mance of this instrument 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 troubles in
the instrument.
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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

Diagnostic Firmware

The operating firmware in this instrument contains di-
agnostic routines that aid in locating malfunctions. When
instrument power is applied, power-up tests are performed
to verify proper operation of the instrument’s micro-
processor, RAM and ROM. If a failure is detected, this in-
formation is passed on to the operator in the form of a crt
readout error message. The failure information directs the
operator to the failing block of memory. If the failure is such
that the processor can still execute the diagnostic routines,
the user can call up specific tests to further check the failing
circuitry. The specific diagnostic routines are explained later
in this section.

Schematic Diagrams

Complete schematic diagrams are located on tabbed
foldout pages in the “Diagrams” section. Portions of cir-
cuitry mounted on each circuit board are enclosed by heavy
black lines. The assembly number and name of the circuit
are shown near either the top or the bottom edge of the
diagram.

Functional blocks on schematic diagrams are outlined
with a wide grey line. Components within the outlined area
perform the function designated by the block label. The
“Theory of Operation” uses these functional block names
when describing circuit operation as an aid in cross-
referencing between the theory and the schematic
diagrams.

Component numbers and electrical values of compo-
nents in this instrument are shown on the schematic dia-
grams. Refer to the first page of the “Diagrams” section for
the reference designators and symbols used to identify com-
ponents. Important voltages and waveform reference num-
bers (enclosed in hexagonal-shaped boxes) are also shown
on each diagram. Waveform illustrations are located adja-
cent to their respective schematic diagram.
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Circuit Board lllustrations

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, pre-
ceding the first schematic diagram(s) to which it relates.

The locations of waveform test points are marked on the
circuit board illustrations with hexagonal outlined numbers
corresponding to the waveform numbers on both the sche-
matic diagram and the waveform illustrations.

Circuit Board Locations

The placement in the instrument of each circuit board is
shown in a board locator illustration. This illustration is lo-
cated on the foldout page along with the circuit board
illustration.

Power Distribution

Power Distribution circuitry is included on the schematics
in the “Diagrams” section to aid in troubleshooting power-
supply problems.

Circuit Board Interconnection Diagram

A circuit board interconnection diagram is provided in the
“Diagrams”™ section. Interconnecting plugs are shown and
the appropriate schematic diagrams are indicated to provide
the pin connections and signal names for the larger circuit
board connectors.

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 diagram lists the grid coordinates of each
component shown on that diagram. To aid in physically lo-
cating components on the circuit board, this table also lists
the grid coordinates of each component on the circuit board
illustration.

Near each circuit board illustration is an alphanumeric
listing of all components mounted on that board. The sec-
ond column in each listing identifies the schematic diagram
on 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.

—
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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 flowchart. This chart will help identify problem areas
and will direct you to other appropriate charts for further
troubleshooting.

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 resis-
tors and capacitors is located on 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 usually color coded with the EIA color code;
however, some metal-film type resistors may have the value
printed on the body. The color code is interpreted starting
with the stripe nearest to one end of the resistor. Compo-
sition resistors have four stripes; these represent two sig-
nificant digits, a multiplier, and a tolerance value. Metal-film
resistors have five stripes representing three significant dig-
its, a multiplier, and a tolerance value.

CAPACITOR MARKINGS. Capacitance values of com-
mon 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 de-
stroyed by reversed or excessive voltage, be careful to ob-
serve the polarity and voltage rating when replacing them.

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 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. The cathode and anode ends of a metal-en-

. cased diode may be identified by the diode symbol marked

on its body.
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Semiconductor Lead Configurations

Figure 9-2 in the “Diagrams” section shows the lead con-
figurations for semiconductor devices used in the instru-
ment. These lead configurations and case styles are typical
of those used at completion of the instrument design. Ven-
dor changes and performance improvement changes may
result in changes of case styles or lead configurations. If the
device in question does not appear to match the configura-
tion shown in Figure 9-2, examine the associated circuitry or
consult a manufacturer’s data sheet.

Multipin Connectors

Multipin connector orientation is indexed by two trian-
gles; one on the holder and one on the circuit board. Slot
numbers are usually molded into the holder. When a con-
nection is made to circuit board pins, ensure that the index
on the holder is aligned with the index on the circuit board
(see Figure 6-1).

Fig. 6-1. Multipin connector orientation.

TROUBLESHOOTING EQUIPMENT

The equipment listed in Table 4-1 of this manual, or
equivalent equipment, may be useful when troubleshooting
this instrument.

TROUBLESHOOTING TECHNIQUES

The following procedure is arranged in an order that en-
ables checking simple trouble possibilities before requiring
more extensive troubleshooting. The first two steps use di-
agnostic aids inherent in the instrument's operating firm-
ware and will locate many circuit faults. The next four
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procedures are check steps that 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 defec-
tive component is located, replace it using the appropriate
replacement procedure given under “Corrective Mainte-
nance” in this section.

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 equip-
ment does not exceed the limits of the component to
be tested.

1. Power-up Tests

The 336 performs automatic verification of the instru-
ment’s Microprocessor, ROM, and RAM (the operating
kernel).

If the kernel test fails, the memory (RAM or ROM) is
identified by a message on the crt (if the instrument is able
to produce a dispiay). If a failure occurs, refer to the “Di-
agnostic Routines” discussion later in this section for defini-
tions of error messages.

Once a problem area has been identified, the associated
troubleshooting procedure should be performed to further
isolate the problem. The troubleshooting procedures are lo-
cated on tabbed-foldout pages in the “Diagrams” section at
the rear of this manual.

2. Diagnostic Test Routines

The instrument firmware contains seven diagnostic
routines that may be selected by the user from the front
panel to further clarify the nature of a suspected failure. The
desired test is selected using the MENU buttons after enter-
ing the Diagnostics Mode. Entry into the Diagnostic Mode
and its uses are explained in the “Diagnostic Routines” dis-
cussion later in this section.

3. Check Control Settings

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 Information” in Section 2 of this manual or to
the 336 Operators Manual.

4. Check Associated Equipment

Before proceeding, ensure that any equipment used with
the 336 is operating correctly. Verify that input signals are
properly connected and that the interconnecting cables are
not defective. Check that the ac-power-source voltage to all
equipment is correct.

5. Visual Check

Perform a visual inspection. This check may reveal bro-
ken connections or wires, damaged components, semi-
conductors not firmly mounted, damaged circuit boards, or
other clues to the cause of an instrument malfunction.

6. Check Instrument Performance and Adjustment

Check the performance of either those circuits where
trouble appears to exist or the entire instrument. The appar-
ent trouble may be the result of misadjustment. Complete
performance check and adjustment instructions are given in
Sections 4 and 5 of this manual.

7. Isolate Trouble to a Circuit

To isolate problems to a particular area, use any symp-
toms noticed to help locate the trouble. Refer to the trouble-
shooting charts in the “Diagrams” section as an aid in
locating a faulty circuit

When trouble symptoms appear in more that one circuit,
first check the power supplies; then check the affected cir-
cuits 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 diagram 19, and as-
sociated circuit board illustrations in the “Diagrams”
section).

The Low Voltage Power Supply levels are interdepen-
dent. All the low voltage supplies use the +2.5 V reference
for their reference levels. If more that one of the low voltage
supplies appears defective, check the +2.5 V REF and the
+5 V Digital supplies first.

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. Use the power
supply troubleshooting charts to aid in locating the problem.

8. 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.

——
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9. Check Voltages and Waveforms

Often the defective component can be located by check-
ing circuit voltages or waveforms. Typical voltages are listed
on the schematic diagrams. Waveforms indicated on the
schematic diagrams by hexagonal-outlined numbers are
shown adjacent to the diagrams. Waveform test points are
shown on the circuit board illustrations.

NOTES

Voltages and waveforms indicated on the schematic
diagrams are not absolute and may vary slightly be-
tween instruments. To establish operating conditions
similar to those used to obtain these readings, see the
voltage and waveform setup conditions preceding the
waveform illustrations.

Note the recommended test equipment, front-panel con-
trol settings, voltage and waveform conditions, and cable-
connection instructions. Any special control settings
required to obtain a given waveform are noted under the
waveform illustration. Changes to the control settings from
the initial setup, other than those noted, are not required.

10. Check Individual Components

The following procedures describe methods of checking
individual components. Two-lead components that are sol-
dered in place are most accurately checked by first discon-
necting one end from the circuit board. This isolates the
measurement from the effects of the surrounding circuitry.
See Figure 9-1 for component value identification and Figure
9-2 for semiconductor lead configurations.

To avoid electric shock, always disconnect the instru-
ment from the ac power source before removing or
replacing components.

When checking semiconductors, observe the static-
sensitivity precautions located at the beginning of this
section.

TRANSISTORS. A good check of a transistor is actual
performance under operating conditions. A transistor 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.
If substitute transistors are not available, use a dynamic-
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type transistor checker for testing. Static-type transistor
checkers are not recommended, 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 consistent
with normal circuit voltages. Voltages across a transistor
may vary with the type of device and its circuit function.

Some of these voltages are predictable. The emitter-to-
base voltage for a conducting silicon transistor will normally
range from 0.6 V to 0.8 V. The emitter-to-collector voltage
for a saturated transistor is about 0.2 V. Because these val-
ues are small, the best way to check them is by connecting
a sensitive voltmeter across the junction rather that compar-
ing two voltages taken with respect to ground. If the former
method is used, both leads of the voltmeter must be isolated
from ground.

If voltage values measured are less that those just given,
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 nonsatu-
rated device operating normally or a defective (open-cir-
cuited) transistor. If the device is conducting, voltage will be
developed across the resistors in series with it; if open, no
voltage will be developed across the resistors unless current
is being supplied by a parallel path.

When checking emitter-to-base junctions, do not use
an ohmmeter range that has a high internal current.
High current may damage the transistor. Reverse bi-
asing the emitter-to-base function with a high current
may degrade the current-transfer ratio (Beta) of the
transistor.

A transistor emitter-to-base junction also can be checked
for an open or shorted condition by measuring the resis-
tance between terminals with an chmmeter set to a range
having a low internal source current, such as the R X 1 kQ
range. The junction resistance should be very high in one
direction and much lower when the meter leads are
reversed.

When troubleshooting a field-effect transistor (FET), the
voltage across its elements can be checked in the same
manner as previously described for other transistors. How-
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ever, remember that in the normal depletion mode of opera-
tion, 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 when troubleshooting a circuit having IC compo-
nents. Use care when checking voltages and waveforms
around the IC so that adjacent leads are not shorted to-
gether. An IC test clip provides a convenient means of clip-
ping a test probe to an IC.

When checking a diode, do not use an ohmmeter
scale that has a high internal current. High current
may damage a diode. Checks on diodes can be per-
formed in much the same manner as those on transis-
tor emitter-to-base junctions. Do not check tunnel
diodes or back diodes with an ohmmeter; use a dy-
namic tester, such as the TEKTRONIX 576 Curve
Tracer.

DIODES. A diode can be checked for either an open or a
shorted condition by measuring the resistance between ter-
minals with an ohmmeter set to a range having a low inter-
nal source current, such as the R X 1 kQ range. The diode
resistance should be very high in one direction and much
lower when the meter leads are reversed.

Silicon diodes should have 0.6 to 0.8 V across their junc-
tions 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 normaily does
not require replacement unless its measured value varies
widely from its specified value and tolerance.

INDUCTORS. Check for open inductors by checking con-
tinuity with an ohmmeter. Shorted or partially shorted induc-
tors 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
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of the capacitor. The resistance reading should be high after
the capacitor is charged to the output voltage of the ohm-
meter. An open capacitor can be detected with a capaci-
tance meter or by checking whether the capacitor passes ac
signals.

11. Repair and Adjust the Circuit

If any defective parts are located, follow the replacement
procedures given under “Corrective Maintenance” in this
section. After any electrical component has been replaced,
the performance of that circuit and any other closely related
circuit should be checked. Since the power supplies affect
all circuits, performance of the entire instrument should be
checked if work has been done on 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 of this manual.

DIAGNOSTIC ROUTINES

The diagnostic routines contained in the 336 operating
firmware consist of the power-up tests that are automati-
cally performed when power is first applied and seven user-
initiated test routines.

Power-on Tests

At power on, the instrument runs the internal diagnostic
routines. While the tests are in progress, all displays are
turned off, and the front-panel LED indicators are all lighted.
In about five seconds or less, the tests are completed, and
the instrument commences normal operation, unless a
Checksum error is detected. Error messages are displayed
on the crt to indicate the location of a detected Checksum
error. The possible error messages are:

CPU A7 U200 BAD,
CPU A7 U220 BAD,
CPU A7 U300 BAD,

and when Option 01 is installed:
OPTION A8 U300 BAD,
OPTION A8 U310 BAD.

Error messages indicate that some or all of the oscillo-
scope functions may not work in a normal manner. The ex-
act nature and amount of malfunctioning depends on the
circuitry involved.



User-Initiated Diagnostics

Entry into the Diagnostics Mode is accomplished by
pressing both the MENU ON/OFF and the MENU LAST but-
tons in simultaneously. When the routine is in effect, all the
normal crt displays are turned off. There is a choice of seven
MENU selectable diagnostic tests available, after pressing
the Trigger Mode RESET button to obtain the selection
mode. Exiting from a selected test routine is done by again
pressing the Trigger Mode RESET button. Exiting from the
Diagnostic function completely is done by again pressing
the MENU ON/OFF and the MENU LAST buttons in
together.

NOTE

Turn VIEW Display Mode off prior to entering the Di-
agnostic Mode. A firmware problem in Version 4.4
does not allow normal exiting if VIEW is on when en-
tering diagnostics. To exit diagnostics in this case,
press the MENU ON/OFF and LAST button in to-
gether and release quickly. Turning the power off,
then back on again will also reset the 336 to the nor-
mal operating condition.
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Test Routines

NUMBER KEY STUCK TEST. This test is entered by
pressing in the MENU LAST button. The test displays a
number that corresponds to one of the front-panel push but-
tons, rotary switches, toggle switches, or detent switches
as they are pressed or changed, as appropriate. Use of this
test will check that all the switches and switch positions are
being read by the instrument's microprocessor when they
are actuated and if any switch is stuck. Table 6-4 list the
switches and their associated numbers. The secondary
numbers given define the setting of the multiposition
switches. Figure 6-2 illustrates the number associated with
each front-panel switch or control that is read.

MODE
AUTO NORM

® @

SINGLE RESET

N’

++++

SONY 33 DIGITAL STORAGE
Tektronix OSCILLOSCOPE

INTENSITY Focus

OLY TIME/CURSOR
<] >

AC GND DC AC GND OC

® @

SOURCE

COUPLING

AC [@

A TRIG LEVEL

0Xo

4420-36

Fig. 6-2. Controls and associated numbers for the NUMBER KEY STUCK diagnostic test.
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Table 6-4

Number Key Stuck Test

Secondary Number

Control Name Display Definition
< 1
> 2
MENU
ON/OFF 3
1 4
2 5
3 6
4 7
5 8
LAST 9
VERT MODE
CH1 10
MENU 11
DISPLAY MODE
NON STORE 12
STORE 13
VIEW 14
ENTER 15
X10 MAG 16
INV (Invert) 17
TRIGGER
AUTO 18
SINGLE 19
SOURCE CH 1 20
COUPLING AC 21
NORM 22
RESET 23a
SOURCE MENU 24
COUPLING MENU 25
CH 1 VAR 26 1 UNCAL
26 0 CAL
CH 2 VAR 27 1 UNCAL
27 0 CAL
HORIZ DISPLAY 28 1 AALT B
28 0 AORB
CH 1 VOLTS/DIV 29 15~0 16 INCREMENTS
CH 2 VOLTS/DIV 30 15~0 16 INCREMENTS
A AND B SEC/DIV 31 15~0 16 INCREMENTS
CH 1 AC-GND-DC 32 1 DC
2 AC
3 GND

—
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Table 6-4 (cont)

Secondary Number
Control Name Display Definition
CH 2 AC-GND-DC 33 1 DC
2 AC
3 GND
VAR SWP/HOLDOFF 34 1 VARIABLE
34 0 CAL/NORM
B TRIGGER 35 1 RUNS AFTER DELAY
35 0 TRIGGERABLE

a Number 23 for the RESET button will never be displayed, as pressing the button exits the test.

CHARACTER DISPLAY RAM CHECK. Pressing the
MENU 2 button causes a display of 256 + (plus) characters
on the crt. This test verifies the Character RAM and Charac-
ter Generator and may be used to check the Geometry and
TRACE ROTATION adjustments.

DISPLAY ALL CHARACTERS. A display of all 63 possi-
ble characters is generated when the MENU 3 button is
pressed. This test also verifies the Character RAM and
Character Generator and is useful for checking the Astigma-
tism adjustment.

CHIP SELECT CHECK. When the MENU 4 button is
pressed, the microprocessor begins a read and write routine
to addresses 0000(H) through FFFF(H) to verify the address
decoding and chip select strobes. The only front-panel vi-
sual indication that the test is in progress is that any readout
displays on the crt will blink slightly. A test oscilloscope may
be used to check the operation of the address decoding and
microprocessor address lines while the test is in progress.

GPIB (GENERAL PURPOSE INTERFACE BUS) OPTION
CHECK. This test is used as a check on the GPIB portion of
Option 01. It is started by pressing MENU button 1. When
started, the GPIB interface places repeated data from 0 to

255 on the bus data lines. The 336 GPIB interface does not
assert a service request (SRQ) and does not execute inter-
face clear (IFC) or device clear (DCL) interface commands
with the GPIB test. The handshake in this mode does not
conform to the IEEE-488 Interface Standard, and the data is
not expected to be received by all types of listeners or con-
troliers. The data output lines can be checked using a test
oscilloscope to verify that they are functioning. When the
Trigger Mode RESET button is pressed to exit this check,
the 336 stops placing data on the output lines without send-
ing a message terminator. See Figure 7-3 in Section 7 for
the electrical and physical arrangement of the GPIB output
connector.

WAVEFORM RAM CHECK. This test generates a display
of four 128-point ramps, with data-point values ranging from
64 to 191. At the end of the ramp waveform, five steps will
appear. These steps have data-point values of 78, 103, 128,
153, and 178 respectively. This test, initiated by pressing
the MENU ON/OFF button, is used to verify the waveform
RAM and associated circuitry. The steps and waveform am-
plitude are used to check the gain and alignment of the
stored display against the crt graticule. If X10 MAG is
pressed on prior to entering the diagnostic routines, the test
waveform will be horizontally magnified for a more detailed
examination of the waveform with respect to missing or
wrong data.
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CORRECTIVE MAINTENANCE

INTRODUCTION

Corrective maintenance consists of component replace-
ment and instrument repair. This part of the manual de-
scribes 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 “Repackaging for Shipment” informa-
tion in Section 2 of this manual.

MAINTENANCE PRECAUTIONS

To reduce the possibility of personal injury or instrument
damage, observe the following precautions.

1. Disconnect the instrument from the ac-power source
before removing or installing components.

2. Verify that the line-rectifier filter capacitors are
discharged prior to performing any servicing.

3. Use care not to interconnect instrument grounds
which may be at different potentials (cross grounding).

4. 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 frequen-
cies. Always use direct-replacement components, un-
less 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 336. These components either
are manufactured or selected by SONY/TEKTRONIX, Inc.
to meet specific performance requirements, or they are
manufactured for SONY/TEKTRONIX, Inc. in accordance
with our specifications. The various manufacturers can be
identified by referring to the “Cross Index-Manufacturer’s
Code number to Manufacturer” at the beginning of the “Re-
placeable Electrical Parts” list. Order all special parts di-
recty from vyour 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, inciude its full
circuit component number)

4. Tektronix part number.

Selectable Components

Several components in the 336 are selectable to obtain
optimum circuit operation. Value selection of these compo-
nents is done during the initial factory adjustment proce-
dure. Further selection is not usually necessary for
subsequent adjustments unless a component has been
changed that affects circuitry for which a selected compo-
nent has been specifically chosen.

At this time, the components listed in Table 6-5 have
been designated as selectable. See the Replaceable Electri-
cal Parts List for part numbers. Also, check the Change
Pages at the rear of this manual for additional changes that
may occur between manual reprints.

——
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Table 6-5

Selectable Components

Component Values Purpose
A1C2 Nominal 0.39 pf Match CH 1 input C.
Select 0.68 pf
Select 1.00 pf
A1R13 Nominal 15 Q Obtain correct CH 1
A1R18 Select 10 Q transient response.
A1R313 Nominal 15 @ Obtain correct CH 2
A1R318 Select 10 Q transient response.
A12C130 Nominal 0.39 pf Obtain correct
A12C230 Select 0.20 pf magnified sweep

Select 0.56 pf

linearity.
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MAINTENANCE AIDS

The maintenance aids listed in Table 6-6 include items
required for performing most of the maintenance procedures

in this instrument. Equivalent products may be substituted
for the examples given, provided their characteristics are

similar.

Table 6-6
Maintenance Aids

Description Specification Usage Example
1. Soldering iron 15 to 25 W. General soldering and Antex Precision Model C.
unsoldering.
2. Flat-bit Screwdriver 4-inch shaft, 3/16-inch bit. | Assembly and disassembly.
3. Phillips Screwdriver Tip sizes: #1, #2, Assembly and disassembly.
magnetic tip
4. Nutdrivers 3/16 inch, 5/16 inch. Assembly and disassembly. Xcelite #6 and #10.
5. Open-end Wrenches 3/8 inch, 5/16 inch, 9/16 Assembly and disassembly.
inch.
6. Allen Wrenches 0.050 inch, 1/16 inch. Assembly and disassembly.
7. Long-nose Pliers Component removal and Diamalloy Model LN55-3.
replacement.
8. Diagonal Cutters Component removal and Diamalloy Model M554-3.
replacement.
9. Vacuum Solder Extractor | No static charge retention. | Unsoldering static sensitive Pace Model PC-10.
devices and components on
multilayer boards.
10. Spray Cleaner No-Noise ® Switch and pot cleaning. Tektronix Part Number 006-
0442-02.
11. Pin-replacement Kit Replace circuit board Tektronix Part Kit Number
connector pins. 040-0542-00.
12. IC-removal Tool Removing DIP IC packages. Augat T114-1.
13. Isopropyl Alcohol Reagent grade. Cleaning attenuator and 2-lsopropanol.
front-panel assemblies.
14. Power Supply Load Provide proper loading of Troubleshooting power Tektronix Part Number 670-
Module the power supply. supply problems. 8133-00.
15. Service Maintenance Kit | 336 circuit board Troubleshooting circuit Tektronix Part Number 067-

extenders and extender
cables.

boards.

1161-00.
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INTERCONNECTIONS

Interconnections in this instrument are made with pins
soldered onto the circuit boards. Several types of mating
connectors are used for the interconnecting pins. The fol-
lowing information provides the replacement procedures for
the various type connectors.

End-Lead Pin Connectors

Pin connectors used to connect the wires to the intercon-
nect 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 a multipin connector, an index
arrow is stamped on the circuit board, and either a matching
arrow is molded into or the numeral 1 is marked on the
plastic housing as a matching index. Be sure these index
marks are aligned with each other when the multipin con-
nector is reinstalled.

TRANSISTORS AND INTEGRATED
CIRCUITS

Transistors and integrated circuits should not be re-
placed unless they are actually defective. If removed from
their sockets or unsoldered from the circuit board during
routine maintenance, return them to their original board lo-
cations. Unnecessary replacement or transposing of semi-
conductor devices may affect the adjustment of the
instrument. When a semiconductor is replaced, check the
performance of any 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 in the “Dia-
grams” section for lead-configuration illustrations.

The chassis-mounted power supply transistor is insu-
lated from the chassis by a heat-transferring mounting
block. Reinstall the mounting block and bushings when
replacing these transistors. Use a thin layer of heat-
transferring compound between the insulating block and
chassis when reinstalling the block.

Maintenance—336 Service

NOTE

After replacing a power transistor, check that the col-
lector is not shorted to the chassis before applying
power to the instrument.

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 when it is going to be re-
placed, clip all the leads of the device and remove the leads
from the circuit board one at a time. If the device must be
removed intact for possible reinstallation, do not heat adja-
cent conductors consecutively. Apply heat to pins at alter-
nate 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.

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.

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 wait at least three minutes for the line-
rectifier filter capacitors to discharge.

Use rosin-core wire solder containing 63% tin and 37%
lead. Contact your local Tektronix Field Office or represen-
tative to obtain the names of approved solder types.

When soldering on circuits boards or small insulated
wires, use only a 15-watt, pencil-type soldering iron. A
higher wattage soldering iron may cause etched circuit con-
ductors 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 transfer from the iron
tip to 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.
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Only an experienced maintenance person, proficient in
the use of vacuum-type desoldering equipment should
attempt repair of any circuit board in this instrument.
Many integrated circuits are static sensitive and may
be damaged by solder extractors that generate static
charges. Perform work involving static-sensitive de-
vices only at a static-free work station while wearing a
grounded antistatic wrist strap. Use only an antistatic
vacuum-type solder extractor approved by a
Tektronix Service Center.

CAUTION

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 com-
ponent on a circuit board:

1. Touch the vacuum desoldering tool to the lead at the
solder connection. Never place the iron directly on the
board; doing so may damage the board.

NOTE

Some components are difficult to remove from the cir-
cuit board due to a bend placed in the component
leads during machine insertion. To make removal of
machine-inserted components easier, straighten the
component leads on the reverse side of the circuit
board.

2. When removing a multipin component, especially an
IC, do not heat adjacent pins consecutively. Apply heat to
the pins at alternate sides and ends of the IC as solder is
removed. Allow a moment for the circuit board to cool be-
fore proceeding to the next pin.

Excessive heat can cause the etched circuit conduc-
tors 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 components)
must not be used. Damage caused by poor soldering
techniques can void the instrument warranty.
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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.

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.

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 cir-
cuit board (if not clipped to the correct length 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.

REMOVAL AND REPLACEMENT
INSTRUCTIONS

To avoid electric shock, disconnect the instrument
from the ac power source before removing or replac-
ing any component or assembly.

The exploded view drawings in the “Replaceable Me-
chanical Parts” list (Section 10) may be helpful during the
removal and reinstallation of individual components or
subassemblies. Circuit board and component locations are
shown in “Diagrams,” Section 9 of this manual.

Read these instructions completely before attempting
any corrective maintenance.

Cabinet

Removal of the instrument cabinet is accomplished as
follows:

1. Unplug the power cord from the ac power source.
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2. Unplug the power cord from the rear-panel
connector.

3. Install the plastic front-panel cover, place the handle
against the top of the cabinet, and set the instrument face
down on a flat surface.

4. Remove the two phillips-head retaining screws in the
bottom of the cabinet.

5. Loosen the two phillips-head screws holding the rear
panel in place and remove the rear panel. Carefully slide the
cabinet off of the instrument.

The line-rectifier filter capacitors may retain a charge
for a short period of time after the instrument is turned
off. Normally, the time required to remove the cabinet
will allow these capacitors to discharge to a safe level;
however, if operating the instrument with the cover off
for servicing, allow one to two minutes after turning
the power off before beginning any cleaning or
servicing.

To reinstall the cabinet, perform the reverse of the pre-
ceding instructions. When sliding the cabinet back on, take
care not to pinch any of the internal cabling between the
cabinet and the chassis.

Power Supply Module

Removal of the Power Supply Module is accomplished
as follows:

1. Remove the cabinet as described in that procedure.

2. Remove the three screws holding the top cover of
the supply module to the module chassis and remove the
cover. Note the orientation of the internal cabling with re-
spect to the shield attached to the top cover plate for
reinstallation.

3. Disconnect multipin connectors P50 and P56 from
the rear of the Main Board. Note connector orientation for
reinstallation.

4. Remove multipin connector P100 from the rear of
the Horizontal Amplifier Board, noting orientation for
reinstallation.
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5. Using needle-nose pliers, disconnect multipin con-
nector P174 from right-front corner of the DC/DC Converter
Board (bottom of supply module, attached to the HV Multi-
plier module) noting connector orientation for reinstallation.

6. Remove the four screws, two on either side of the
supply module, holding the module to the main chassis. Do
not remove the screw holding the power supply switching
transistor to the chassis.

7. Partially separate the supply module from the chas-
sis and disconnect the crt socket by prying evenly on both
sides of the socket.

8. Place the instrument on its left side (to make access
to the multipin connectors on the bottom easier) and work
the connectors (disconnected in step 3 above) through the
plastic chassis slot while sliding the supply module away
from the chassis.

To reinstall the Power Supply Module, perform the re-
verse of the preceding instructions.

Dismantling the Power Supply Module

HIGH VOLTAGE REGULATOR BOARD (A15) RE-
MOVAL. To remove the High Voltage Regulator Board, per-
form the following steps:

1. Disconnect multipin connectors P10 and P1, noting
orientation for reinstallation.

2. Remove the three mounting screws holding the
board to the chassis of the module.

3. Pull the board up and away from the module, being
careful not to bend the circuit board connecting pins as they
are disengaged.

DC/DC CONVERTER BOARD (A13) REMOVAL. To re-
move the DC/DC Converter Board, perform the following
steps:

1. Remove the three screws holding the bottom cover
to the supply module chassis and remove the cover.

2. Disconnect multipin connector P30, near the power
switch, noting orientation for reinstaliation.

3. Remove the four corner screws holding the board to
the chassis.
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4. Remove the board, being careful not to bend the
board connector pins as they disengage.

PRIMARY BOARD (A14) REMOVAL. To remove the Pri-
mary board, perform the following steps:

1. Disconnect multipin connectors P100 and P186, not-
ing orientation for reinstallation.

2. Remove the two screws holding the fan to the chas-
sis and remove the fan.

3. Remove the screw holding the power transistor
mounting block/heat sink to the chassis.

4. Remove the three screws holding the board to the
chassis and remove the board.

To reinstall the power supply boards, perform the re-
verse of the preceding instructions. Use a small amount of
heat-transferring compound between the power transistor
heat sink and the module chassis when that component is
reinstalied.

Horizontal Amplifier (A12) Removal

To remove the Horizontal Amplifier board, perform the
following steps:

1. Remove the instrument cabinet as described in that
procedure.

2. Disconnect multipin connector P100 from the rear of
the circuit board.

3. Disconnect multipin connectors P270 and P420 from
the A4 Control Board, noting orientation for reinstallation.

4. Disconnect the horizontal deflection leads from the
top of the crt.

5. Remove the two mounting screws holding the board
to the chassis.

6. Slide the board sideways to disengage the pins of
the circuit board connector and remove the board.

To reinstall the Horizontal Amplifier board, perform the
reverse of the preceding instructions.

6-20

Vertical Amplifier (A11) Removal

To remove the Vertical Amplifier board, perform the fol-
lowing steps:

1. Remove instrument cabinet as described in that
procedure.

2. Remove the Horizonta! Amplifier as described in that
procedure.

3. Disconnect the vertical deflection leads from the side
of the crt.

4. Unsolder the two delay-line leads and the outer
shielding conductor from the board.

5. Remove the two board-mounting screws and the
two screws holding the transistor heat sinks (near hole in
board) to the chassis.

6. Slide the board up to disengage the pins of the cir-
cuit board connector and remove the board.

To reinstall the Vertical Amplifier board, perform the re-
verse of the preceding instructions.

Trigger (A2), Sweep (A3), Control (A4), Acquisition
(A5), Display (A6), CPU (A7), and Option (A8) Board
Removal

NOTE

These boards are located in a plug-in circuit board
compartment and are all removed in a similar manner.

To remove a board from the circuit board compartment,
perform the following steps:

1. Remove the instrument cabinet as described in that
procedure.

2. Remove the screw holding the circuit board retainer
(bracket across the top of the circuit boards) and remove
the retainer.

3. If the circuit board being removed is connected to
the ribbon bus, disconnect all the large ribbon cable connec-
tors from the top of the circuit boards (press tabs on each
side of connectors outward to disconnect) and remove the
cable.




4. Remove any other cabling attached to the top of the

board, noting orientation for reinstallation.

NOTE

The Option board (A8) has three screws holding the
board to the chassis which have to be removed before
that board may be unplugged from the circuit board
compartment.

5. Disengage the circuit board from the Main board
connector pins by using the prying holes at the top corners
of the board; then, slide the board out of the circuit board
compartment.

To reinstall a plug-in circuit board, perform the reverse of
the preceding instructions. Make sure the circuit board is
properly aligned in the front and rear edge retaining slots
before pressing the board down to engage the connector
pins from the Main board.

Front Panel Removal

To remove the front panel (as an assembly), do the
following:

1. Remove the instrument cabinet as described in that
procedure.

2. Using a 0.050-inch hex-head tool, remove the four
hex-head screws holding the front panel to the chassis.

3. Disconnect ribbon-cable connector P700 from the
top of the CPU board (A7).

4. Disconnect multipin connectors P400, P480, and
P500 from the Key Interface Board (A9), noting orientation
for reinstallation.

5. Remove the two screws holding the grounding
straps to the instrument chassis (near either front corner).

6. Slide the Front Panel assembly out of the chassis,
routing the cabling through the chassis slots.

FRONT PANEL DISASSEMBLY (A9 AND A10). To re-
move the two front-panel circuit boards, perform the follow-
ing steps:

1. Using a 0.050-inch hex-head tool, loosen the hex-
head setscrew holding the SEC/DIV knob to the control
shaft and remove the knob.

Maintenance—336 Service

2. Using firm outward pressure, pull the remaining
knobs from their control shafts. it may be necessary to pry
the knobs off using a small flat-bladed screwdriver.

3. Remove the five screws holding the rear board of the
assembly to its mounting posts.

4. Pull the board up and away from the panel, hinging it
away from the smaller inner board.

5. Unscrew the two hex screws holding the smaller
board to the front panel and remove the interconnected
board assemblies.

6. If one of the boards must be replaced, unsolder the
interconnecting cable using soldering techniques described
elsewhere in this section. Do not consecutively heat adja-
cent conductors, as excessive heat may damage the board.

To reinstall the front-panel boards, perform the reverse
of the preceding instructions.

Main Board (A1) Removal

1. Remove the instrument cabinet as described in that
procedure.

2. Remove all the plug-in circuit boards from the circuit
board compartment as described in that procedure.

3. Disconnect multipin connectors P50 and P56 from
the rear of the Main board, noting orientation for
reinstallation.

4. Disconnect multipin connectors P400, P480, and
P500 from the front panel, noting orientation for
reinstallation.

5. Disconnect trace rotation multipin connector (P926)
from the rear of the Main board.

6. Unsolder the two delay-line leads and the delay-line
grounding shield from the rear of the Main board, noting
orientation for reinstallation.

7. Unsolder the wire to the CAL OUT terminal.
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8. Unsolder the wires to the CHART OUT connectors.

9. Unsolder the resistors from the EXT TRIG IN and
EXT Z-AXIS IN connectors.

10. Remove the eight screws holding the board to the
chassis, including the one at the edge of the attenuator
shield.

11. Tilt the edge of the board up (opposite side from the
attenuators) and slide the board sideways out of the
chassis.

To reinstall the Main board, perform the reverse of the
preceding instructions.

CRT Removal

Use care when handling a crt. Breakage of the crt
may cause high-velocity scattering of glass fragments
(implosion). Protective clothing and safety glasses
(preferably a full-face shield) should be worn. Avoid
striking the crt on any object which may cause it to
crack or implode.

To remove the crt, perform the following steps:

1. Remove the instrument cabinet as described in that
procedure.

2. Disconnect the horizontal- and vertical-deflection
leads from the neck of the crt.

3. Unplug the crt socket from the rear of the crt by
prying evenly on both sides of the socket.

The crt may retain a high-voltage charge after the in-
strument is turned off. To avoid electrical shock, dis-
charge the anode lead to chassis ground as soon as
the insulating cover is slid back to expose the solder
connection to the HV Multiplier.

6-22

4. Using needle-nose pliers having well-insulated han-
dles, gently pry the plastic insulator on the anode lead for-
ward to expose the solder connection to the HV Multiplier
module.

5. Discharge the crt anode lead to chassis ground, us-
ing either the insulated pliers or a screwdriver or similar tool
having an insulated handle. Repeat the grounding several
times to ensure a complete discharge.

6. Unsolder the anode lead of the crt and disconnect it
from the HV Muiltiplier.

7. Slide the plastic insulator off of the anode lead and
retain it for reinstallation.

8. Loosen the Front Panel and slide it forward to ex-
pose the crt bezel.

9. Remove the two screws holding the crt bezel in
place and remove the bezel and blue crt filter.

10. Slide the crt out of the chassis by pressing forward
on the rear of the crt neck until the front of the crt may be
grasped; then, continue removal by pulling from the front.
Take care not to strike the crt neck on the chassis as it is
being removed.

NOTE

Once the crt is removed, it should be stored in such a
manner as to protect it from impact. If stored face
down, it should be placed on a soft, nonabrasive sur-
face to prevent the face plate from being scratched.

Installing a new crt is done by reversing the removal pro-
cedure steps. Feed the anode lead through the hole in the
crt shield when sliding the crt back into the chassis. Slip the
plastic insulator onto the anode lead before resoldering the
lead to the HV Module.
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OPTIONS

INTRODUCTION

This section contains a general description of the available options for the 336 Digital Storage Oscilloscope. Unique and
more detailed operating information pertaining to the GPIB (General Purpose Interface Bus) portion of Option 01 follows the
general option descriptions. Additional information about instrument options and option availability can be obtained either by
consulting the current Tektronix Product Catalog or by contacting your local Tektronix Field Office or representative.

POWER CORD OPTIONS

Instruments are shipped with the detachable power-cord
configuration ordered by the customer. Descriptive informa-
tion about the international power-cord options is provided
in Section 2, “Operating Information.” The following list
identifies the Tektronix part number for the available power
cords.

