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OPERATORS SAFETY SUMMARY

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

summary.

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

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

Terms as Marked on Equipment

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

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

Symbols in This Manual

This symbol indicates where applicable cau-
é tionary or other information is to be found. For
maximum input voltage see Table 1-2.

Symbols as Marked on Equipment

& DANGER — High voltage.
@ Protective gound (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
grounding conductor in the power cord is essential for safe
operation.

viii

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 con-
necting to the product input or output terminals. A protec-
tive ground connection by way of the grounding conductor
in the power cord is essential for safe operation.

Danger Arising from Loss of Ground

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

Use the Proper Power Cord
Use only the pcwer cord and connector specified for your
product.

Use only a power cord that is in good condition.

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

Use the Proper Fuse

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

Do Not Operate in Explosive Atmospheres

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

Do Not Remove Covers or Panels

To avoid personal injury, do not remove the product cov-
ers or panels. Do not operate the product without the cov-
ers and panels properly instalied.
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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 pro-
duct uniess another person capable of rendering first aid
and resuscitation is present.

Use Care When Servicing With Power On

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

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

Power Source

This product is intended to operate from a power source

-that does not apply more than 250 volts rms between the

supply conductors or between either supply conductor and
ground. A protective ground connection by way of the
grounding connector in the power cord is essential for safe
operation.
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Section 1—2230 Service

GENERAL INFORMATION

INTRODUCTION

The TEKTRONIX 2230 Oscilloscope is a combination
nonstorage and digital storage dual-channel 100 MHz
bandwidth instrument. It is a rugged, lightweight oscillo-
scope  featuring  microprocessor  operation  and
alphanumeric crt readout of many of the front-panel con-
trols. In the digital storage mode, up to three waveform
sets (CH 1 and/or CH 2) may be stored in a SAVE REF
memory and recalled for display at a later time. The verti-
cal system provides calibrated deflection factors from
2 mV per division to 5 V per division. The horizontal sys-
tem provides calibrated sweep speeds from 50 ns per divi-
sion to 0.5 s per division for nonstorage mode with three
slower sweep speeds (1 s, 2 s, and 5 s per division) added
for store mode operation. A X10 magnifier extends the
maximum sweep speed to 5 ns per division.

The digital storage sampling rate is 20 megasamples
per second maximum, and the acquired record length is
4K samples (1K may also be selected) for a single channel
or 2K samples for dual-channel (CHOP or ALT) displays.
Any contiguous 1K sample of an acquired record is
displayable. The fast sampling rate can capture a glitch
with a pulse width of at least 100 ns. A 4K compress
feature enables a 4K record length acquisition to be
compressed to 1K in length for ease in viewing or storing
in the SAVE REF memory. If compression is not desired,
all 4K or any 1K portion of a 4K record may be stored in
the SAVE REF memory. The SAVE store mode stops the
waveform acquisition in progress, allowing a particular
display to be stored or examined before further acquisi-
tions cause a waveform update.

Cursors may be used to obtain voltage measurements,
time difference measurements, and delay-time measure-
ments on any of the store mode waveform displays. Delta
volts, delay time, delta time, and 1/delta time (either delta
time or t/delta time is selectable via the MENU) are
displayed in the crt readout for ease in obtaining precise
measurement results. The cursors are positioned to any
displayed store mode waveform to make measurements.
An alternate use of the cursor-positioning control is to hor-
izontally position the 1K display window to any location
within a 4K record length waveform acquisition. The
displayed portion of a 4K acquisition is stored when the
SAVE REF feature is used.

The instrument is shipped with the following standard
accessories:

1 Operators Manual
1 Users Reference Guide
2 Probe Packages
1 Front Panel Cover
1 Accessory Pouch
1 Power Cord
1 Fuse

1 DB-9 Male Connector and Connector Shell
1 Loop Clamp

1 Flat Washer

1 Self-Tapping Screw

For part numbers and further information about both
standard and optional accessories, refer to “‘Options and
Accessories” (Section 7) of this manual. Your Tektronix
representative, local Tektronix Field Office, or Tektronix
products catalog can also provide additional accessories
information.

SPECIFICATION

The foliowing electrical characteristics (Table 1-1) are
valid when “he instrument 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
+50°C (unless otherwise noted).

Items listec' 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.
This instrument meets the requirements of MIL-T-28800C
for Type HlI, Class 5 equipment, except where noted other-
wise.

Physical characteristics of the instrument are listed in
Table 1-3.
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Finite resolution affects any measurement using
discrete numbers. All digital storage stores amplitude
values as discrete numbers and associates those ampli-
tude numbers with discretely numbered times. Many mea-
surements must be rounded or truncated. The size of the
truncation or rounding becomes a part of the measure-
ment error. For example, the foliowing line is 1.5 units
long. If it must be drawn as a line connecting points one
unit apart, then it may be drawn as a line one unit long or
two units long, depending on how it occurs relative to the

points.
Case 1: Line approaches three points:
Input line

Measurement resolution
Output line

Case 2: Line approaches two points:

Input line
Measurement resolution
Output line

There are several places where measurements are
quantified, and a one-count error in the measurement can-
not be detected. The input channels are digitized to an 8-
bit resolution, where one division is (ignoring expansion
and compression) 25 counts. This means there is an
inherent error of 1/25 of a division in any voltage measure-
ment at acquisition time. Averaging can increase the reso-
lution of a voltage measurement above the sampler's
eight-bit limit. To use the increased resolution, the display
has a 10-bit dynamic range in the vertical axis, as well as

1-2

the horizontal axis. An averaged signal has a resolution of
100 points per division (ignoring expansion and compres-
sion). In addition, the averaged number is stored with up
to twelve bits of resolution. Expansion is required to view
the eleventh and twelfth bits of increased resolution.

Time is quantified to determine when each sample
occurred and which display interval gets each sample.
Time is resolved by storing, for example, 4K points. If 4K
points are stored, 4K time intervals are represented. How-
ever, in 4K mode, not all of the 4K-point resolution may be
displayed on the 10-bit (1K-point) screen. Therefore, if 4K
COMPRESS is selected to present the whole picture on-
screen at once, only 1K resolution remains in the display.
When peak-detected information is acquired, events with
high-frequency content such as fast steps, or short pulses,
can only be located within the time interval from which the
peaks came. Even though two display points result from
the interval, the event cannot be tied with certainty to the
first or second point in the interval.

Time is also quantified to determine where to put points
in REPETITIVE acquisitions, where the points acquired at
50 ns intervals fill only part of the screen. A counting
device produces a number to represent the portion of
50 ns between the samples acquired and the ones that
would have included the trigger. This number ranges from
0 to about 205, which allows accurate placement into the
display record. The display record will have at most 100
siots to choosz from on the basis of the 0-205 number
(this is where each slot represents 0.5 ns of acquisition
time, and the counter's resolution is about 0.244 ns per
count). ’
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Table 1-1

Electrical Characteristics

Characteristics

Performance Requirements

VERTICAL DEFLECTION SYSTEM

Deflection Factor
Range

2 mV/div to 5 V/div in a 1-2-5 sequence.

DC Accuracy (NON STORE)
+15°C to +35°C

Within £2%.

0°C to +50°C

Within +3%.2

For 5 mV/div to § V/div VOLTS/DIV switch settings, the gain is
set at a VOLTS/DIV switch setting of 10 mV/div.

2 mV/div gain is set with the VOLTS/DIV switch set to 2 mV/div.

On Screen DC Accuracy (STORE)
+15°C to +35°C .

Within +2%.

0°C to +50°C

Within +3%.2
STORE Mode gain set with the VOLTS/DIV switch set to
5 mV/div.

Storage Acquisition Vertical Resolution

8 bits, 25 levels per division. 10.24 divisions dynamic range.2

Range of VOLTS/DIV Variable Control

Continuously variable between settings. Increases defiection fac-
tor by at least 2.5 to 1.

Step Response (NON STORE)
Rise Time
0°Cto +35°C
5 mV/div to 5 V/div

3.5 ns or less.?

2 mV/div

4.4 ns or less.8

+35°C to +50°C
5§ mV/div to 5 V/div

3.9 ns or less.@

2 mV/div

4.4 ns or less.?
Rise time is calculated from:
0.35

Rise Time = —
Bandwidth (-3 dB)
Step Response (STORE Mode)
Useful Storage Rise Time Single Trace CHOP/ALT
SAMPLE SEC/DIV x 1.6 - SEC/DIVx 1.6 .
100 50

PEAKDET or ACCPEAK with SMOOTH

SEC/DIV x 1.6 SEC/DIVXx 1.6
sf s
50 25

Rise time is limited to 3.5 ns minimum with derating over tempera-
ture (see NON STORE Rise Time).

2Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

Aberrations (NON STORE and
STORE in Default Modes)

2 mV/div to 50 mV/div

+4%, —4%, 4% p-p.
3% or less at +25°C with cabinet installed.

0.1 V/div to 0.5 V/div

+6%, —6%, 6% p-p.
5% or less at +25°C with cabinet installed.

1 V/div to 5 V/div

+12%, —12%, 12% p-p.2

10% or less at +25°C with cabinet installed.

Measured with a five-division reference signal, from a 50 Q source
driving a 50 Q coaxial cable terminated in 50 Q at the input con-
nector with the VOLTS/DIV Variable control in the CAL detent.
Vertically center the top of the reference signal.

NON STORE Bandwidth (—3 dB)
0°Cto +35°C
S mV/div 1o 5 V/div

DC to at least 100 MHz.

2 mV/div

DC to at least 80 MHz.

+35°C to +50°C
2 mV/div to 5 V/div

DC to at least 80 MHz.a

Measured with a vertically centered six-division reference signal,
from a 50 Q source driving a 50 Q coaxial cable terminated in 50 Q
at the input connector; with the VOLTS/DIV Variable control in
the CAL detent.

NON STORE BW LIMIT (-3 dB)

20 MHz +10%.

AC Coupled Lower Cutoff Frequency

10 Hz or less at —3 dB.2

Useful Storage Performance
RECORD, SCAN and ROLL Store Modes
SAMPLE Acquisition, no AVERAGE

5 us/div to 5 s/div

EXT CLOCK (up to 1 kHz)

Single Trace CHOP/ALT
10 5
Hz2 —— Hz2
SEC/DIV SEC/DIV
EXT EXT
— Hz2 —— Hza
10 20

Useful storage performance is limited to the frequency where
there are 10 samples per sine wave signal period at the maximum
sampling rate. (Maximum sampling rate is 20 MHz in Single trace
and 10 MHz in CHOP or ALT at a SEC/DIV setting of 5 us/div.)
This yields a maximum amplitude uncenrtainty of 5%. Accuracy at
the useful storage bandwidth limit is measured with respect to a
six-division 50 kHz reference sine wave.

PEAK DETECT
Sine-Wave Amplitude Capture
(5% p-p maximum amplitude uncertainty)

Pulse Width Amplitude Capture
(50% p-p maximum amplitude uncertainty)

Single Trace and ALT CHOP

1 MHz2 1 MHz2
100 ns SEC/DIV
50

®Performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

REPETITIVE Store Mode
SAMPLE and AVERAGE
0.05 us/div

0.1 us/div

0.2 us/div to 2 us/div
(5% maximum amplitude uncertainty)

Single Trace ALT
100 MHz (-3 dB)P 100 MHz (—3 dB)®

100 MHz (-3 dB)a: b 50 MHz (-3 dB)?

10 5
—— Hz8 —— Hz?
SEC/DIV SEC/DIV

ACCPEAK
0.05 us/div to 5 s/div

Same as NON STORE Bandwidth.2

AVERAGE Mode
Sweep Limit

Adjustable from 1 to 2047 or NO LIMIT.

Weight of Last Acquisition

1/2,1/4, 1/8, 116, 1/32, 1/64, 1/128, or 1/256 (MENU selections).?
AVERAGE mode default weight is 1/4. :

Resolution

Assuming uncorrelated triggers and greater than 1 LSB of the 8-
bit acquisition of vertical signal noise; the averaging weight for the
first acquistion is 1, the averaging weight for the second acquisi-
tion is 1/2 and for n acquisitions is 1/2"~1. The MENU selects
the least weight used. Maximum signal-to-noise improvement is
achieved after 2 X (weight factor) X (expected acquisitions to fill).2

Frequency Response

Frequency response of the AVERAGE Storage Mode is a function
of the number of triggered acquisitions added to the weighted
average.?

Time jitter of a signal with respect to the sample clock will pro-
duce a low-pass filter characteristic of an averaged waveform.

NON STORE CHOP Mode Switching Rate

500 kHz +30%.2

STORE Chop Rate

SAMPLE 50/(SEC/DIV) for sweep speeds from 5 s per division to and
including 10 us per division.2
PEAK DETECT 25/(SEC/DIV) for sweep speeds from 5 s per division to and

including 20 us per division.2

5 us/div through 0.05 us/div

No CHOP mode; acts as in ALT.2

A/D Converter Linearity

Monotonic with no missing codes.?

STORE Mode Cross Talk

<2% measured in CHOP at 10 ps/div and 10 mV/div using a
100 kHz square wave signal vertically centered and the other
input coupling set to ground.

2Performance Requirement not checked in Service Manual.

bOne-hundred MHz bandwidth is derated for temperature outside 0°C to +35°C and st 2 mV per division as for NON STORE.
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Table 1-1 (cont)

Characteristics

Performance Requirements

NON STORE Common-Mode Rejection Ratio
(CMRR)

At least 10 to 1 at 50 MHz.

Checked at 10 mV per division for common-mode signals of six
divisions or less with the VOLTS/DIV Variable control adjusted for
the best CMRR at 50 kHz.

Input Current

1 nA or less (0.5 division or less trace shift when switching
between DC and GND input coupling with the VOLTS/DIV switch
set to 2 mV per division.2

Input Characteristics

Resistance 1 MQ +2%.2
Capacitance 20 pF =2 pF.2
Maximum Safe Input Voltage 400 V (dc + peak ac) or 800 V ac p-p at 10 kHz or less.2
(CH 1 and CH 2) A See Figure 1-1 for maximum input voltage vs. frequency derating

curve.

NON STORE Channel Isolation®

Greater than 100 to 1 at 50 MHz.

STORE Channel Isolation

100 to 1 at 50 MHz.

POSITION Control Range

At least =11 divisions from graticule center.

A/B SWP SEP Control Range
(NON STORE Mode Only)

+ 3.5 divisions or greater.

Trace Shift with VOLTS/DIV Switch Rotation

0.75 division or less; VOLTS/DIV Variable control in the CAL
detent.2

Trace Shift as the VOLTS/DIV Variable Control is

Rotated

1 division or less.2

Trace Shift with INVERT

1.5 division or iess.2

8performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

TRIGGERING SYSTEM

A Trigger Sensitivity
P-P AUTO and NORM
Internal
External

10 MHz 60 MHz 100 MHz
0.35 div 1.0 div 1.5 div
40 mv 120 mv 150 mv

External trigger signal from a 50 Q source driving a 50 Q coaxial
cable terminated in 50 Q at the input connector.

HF REJ Coupling

Reduces trigger signal amplitude at high frequencies by about
20 dB with rolloff beginning at 40 kHz +15 kHz.

Should not trigger with a one-division peak-to-peak 250 kHz sig-
nal when HF REJ is ON.

P-P AUTO Lowest Usable Frequency

20 Hz with 1 division internal or 100 mV external.a

TV LINE
Internal 0.35 div.2
External ’ 35 mV p-p.2
TV FIELD = 1 division of composite sync.2
B Trigger Sensitivity (Internal Only) 10 MHz 60 MHz 100 MHz
0.35 div 1.0 div 1.5 div

EXT INPUT
Maximum Input Voltage A

400 V (dc + peak ac) or 800 V ac p-p at 10 kHz or less.2
See Figure 1-1 for maximum input voltage vs frequency derating
curve.

Input Resistance

1MQ £2%.3a

Input Capacitance

20 pF +2.5 pF.2

AC Coupled Lower Cutoff Frequency

10 Hz or less at —3 dB.@

LEVEL Control Range
A Trigger (NORM)

May be set at any voltage level of the trace that can be displayed.2

INT
EXT, DC Atleast £1.6 V, 3.2 V p-p.
EXT, DC+10 Atleast +16V, 32 V p-p.2

B Trigger (Internal)

May be set at any point of the trace that can be displayed.a

VAR HOLDOFF Control
(NON STORE Holdoff)

Increases NON STORE A Sweep holdoff time by at least a factor
of 10.2

STORE holdoff is a function of microprocessor activity and the
pretrigger acquisition. The VAR HOLDOFF control maintains
some control over the STORE holdoff by preventing a new trigger
from being accepted by the storage circuitry until the next (or
current, if one is in progress) NON STORE holdoff has completed.

Acquisition Window Trigger Point
PRETRIG

Seven-eighths of the waveform acquisition window is prior to the
trigger (other trigger points are selectable via the MENU).

POST TRIG

One-eighth of the waveform acquisition window is prior to the
trigger (other trigger points are selectable via the MENU).

#Performance Requirement not checked in Sérvice Manual.
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Table 1-1 (cont)

Characteristics Performance Requirements

HORIZONTAL DEFLECTION SYSTEM

NON STORE Sweep Rates
Calibrated Range

A Sweep 0.5 sec per division to 0.05 us per division in a 1-2-5 sequence of
22 steps.©
B Sweep 50 ms per division to 0.05 gs per division in a 1-2-5 sequence of
19 steps.©
STORE Mode Ranges
REPETITIVE 0.05 us per division to 2 us per division.2. d
RECORD 5 us per division to 50 ms per division.2 9
ROLL/SCAN 0.1 s per division to 5 s per division (A sweep only)? ¢
NON STORE Accuracy Unmagnified Maghnified -
+15°Cto +35°C ' Within £2% Within +3%
0°C to +50°C Within +3%2 Within £4%:2

Sweep accuracy applies over the center eight divisions. Exclude
the first 40 ns of the sweep for magnified sweeps and anything
beyond the 100th magnified division.

STORE Accuracy See Horizontal Differential Accuracy and Cursor Time Difference
Accuracy.?
NON STORE Sweep Linearity +5%.

Linearity measured over any two of the center eight divisions.
Exclude the first 25 ns and anything past the 100th division of the
X10 magnified sweeps.

Digital Sample Rate Single Trace CHOP/ALT
(SSAyr\gzt/Eto 5 s/div) j_?___ Hz2 L 28
SEC/DIV SEC/DIV
PEAKDET or ACCPEAK 10 MHz2 10 MHz2
(20 us/div to 5 s/div) (50% duty factor on each channel in CHOP)
REPETITIVE Store
0.05 us/div to 1 us/div 20 MHz2 20 MHz?2
2 us/div 10 MHz2 10 MHz2
External Ciock
Input Frequency Up to 1 kHz.
Digital Sample Rate 10 MHz in ACCPEAK and PEAKDET, otherwise it is equal to the
input frequency.2
Store Rate One data pair for every second falling edge.?
Duty Cycle 10% or greater (100 us minimum hold time).2
Ext Clock Logic Thresholds TTL Compatible.?
Maximum Safe Input Voltage A 25 V (dc + peak ac) or 25 V p-p ac at 1 kHz or less.2
-Input Resistance >20 kQ.2

#Performance Requirement not checked in Service Manual.
©The X10 MAG control extends the maximum sweep speed to 5 ns per division,

9The X10 MAG contro! extends the maximum sweep speed to 5 ns per division. The 4K COMPRESS control multiplies the SEC/DIV
by 4.
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Table 1-1 (cont)

Characteristics

Performance Requirements

STORE Mode Dynamic Range

10.24 divisions.2

STORE Mode Resolution
Acquisition Record Length

1024 or 4096 data points.2

Single Waveform Acquisition Display

1024 data points (100 data points per division across the graticule
area).?

CHOP or ALT Acquisition Display

512 data points (50 data points per division across the graticule
area).?

Horizontal POSITION Control Range
(NON STORE)

Start of the 10th division will position past the center vertical grat-
icule line; 100th division in X10 magnified.

Horizontal Variable Sweep Control Range
NON STORE

Continuously variable between calibrated settings of the SEC/DIV
switch. Extends the A and the B Sweep speeds by at least a fac-
tor of 2.5 times over the calibrated SEC/DIV settings.

STORE

Horizonta! Variable Sweep has no affect on the STORE Mode
time base. Rotating the Variable SEC/DIV control out of the CAL
detent position horizontally compresses a 4K point acquisition
record to 1K points in length, so that the whole record length can
be viewed on screen. Screen readout is altered accordingly.

Displayed Trace Length

NON STORE Greater than 10 divisions.
STORE 10.24 divisions.2
Delay Time

0.5 us per division to 0.5 sec per division
(A Sweep)

Delay POSITION Range

Less than (0.5 div + 300 ns) to greater than 10 divisions.

Delay Time is functional, but not calibrated, at A Sweep speeds
faster than 0.5 xs per division.

NON STORE Delay Jitter

One part or less in 5,000 (0.02%) of the maximum available delay
time.

Delay Time Differential Measurement Accuracy

(Runs After Delay only)
+15°Cto +35°C

+ 1% of reading, +0.3% of full scale (10 div).

0°C to +50°C

+2% of reading, +0.3% of full scale (10 div).2

Exclude delayed operation when the A and B SEC/DIV knobs are
locked together at any sweep speed or when the A SEC/DIV
switch is faster than 0.5 us per division. Accuracy applies over the
B DELAY TIME POSITION control range.

2performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

DIGITAL STORAGE DISPLAY

Vertical
Resolution

10 bits (1 part in 1024).2
Display waveforms are calibrated for 100 data points per division.

Differential Accuracy

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

POSITION Range

Any portion of a stored waveform vertically magnified or
compressed up to 10 times can be positioned to the top and to
the bottom of the graticule area.

Position Registration
NON STORE to STORE

Within +0.5 division at graticule center at VOLTS/DIV switch set-
tings from 2 mV per division to 5 V per division.

CONTINUE to SAVE

Within +0.5 division at VOLTS/DIV switch settlngs from 2 mV per
division to 5 V per division.

SAVE Mode Expansion or
Compression Range

Up to 10 times as determined by the remaining VOLTS/DIV
switch positions up or down.

2 mV per division acquisitions cannot be expanded, and 5 V per
division acquisitions cannot be compressed.

Storage Display Expansion
Algorithm Error

+0.1% of full scale.@

Storage Display Compression
Algorithm Error

+0.16% of reading +0.4% of full scale.?

Horizontal
Resolution

10 bits (1 part in 1024).2
Calibrated for 100 data points per division.

Differential Accuracy

Graticule indication of time cursor difference is within +2% of the
readout value, measured over the center eight divisions.

SAVE Mode Expansion Range
Y-T Mode

10 times as determined by the X10 MAG switch.

Expansion Accuracy

Same as the Vertical.2

8performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

DIGITAL READOUT DISPLAY

CURSOR Accuracy
Voltage Difference

Within +3% of the AV readout value.

Time Difference
RECORD or ROLL/SCAN
SAMPLE or AVERAGE

+ 1 display interval.2

PEAKDET or ACCPEAK +2 display intervals.
REPETITIVE
SAMPLE or AVERAGE +(2 display intervals + 0.5 ns).
ACCPEAK + (4 display intervals + 0.5 ns).2
A display interval is the time between two adjacent display points
on a waveform.
: X-Y OPERATION (X1 MAGNIFICATION ONLY)

Defiection Factors

Same as vertical defiection system with the VOLTS/DIV Variable
controls in the CAL detent position.

NON STORE Accuracy
X-Axis
+15°C to +35°C

Measured with a dc-coupled, five-division reference signal.

Within +3%.

0°C to +50°C

Within +4%.2

Y-Axis Same as vertical defiection system.2
NON STORE Bandwidth (—3 dB) Measured with a five-division reference signal.
- X-Axis DC to at least 2.5 MHz.
Y-Axis Same as vertical defiection system.2

NON STORE Phase Difference Between X-Axis
and Y-Axis Amplifiers

+3 degrees or iess from dc to 150 kHz.2
Vertical Input Coupling set to DC.

STORE Accuracy
X-Axis and Y-Axis

Same as digital storage vertical deflection system.?

Useful Storage' Bandwidth

RECORD and REPETITIVE
Store Modes

5

—_—  Hz8
SEC/DIV

STORE Mode Time Difference Between Y-Axis and
X-Axis Signals

RECORD, SCAN, and ROLL Modes

100 ns. The X-Axis signal is sampled before the Y-Axis signal.2

REPETITIVE Store

SEC/DIV
100

X 4

2performance Requirement not checked in Service Manual.
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Table 1-1 (cont)

Characteristics

Performance Requirements

PROBE ADJUST

Output Voltage on PRB ADJ Jack

0.5V +5%.

Probe Adjust Signal Repetition Rate

1 kHz +20%.2

Z-AXIS

Sensitivity (NON STORE Only}

5 V causes noticeable modulation. Positive-going input decreases
intensity.
Usable frequency range is dc to 20 MHz.

A

Maximum Input Voltage

30 V (dc + peak ac) or 30 V p-p ac at 1 kHz or less.2

Input Resistance

>10kQ.2

POWER SUPPLY

Line Voltage Range

90 Vac to 250 Vac.2

Line Frequency

48 Hz to 440 Hz.2

Maximum Power Consumption

85 watts (150 VA).2

Line Fuse

2 A, 250 V, slow blow.2

Primary Circuit Dielectric Requirement

Routine test to 1500 Vrms, 60 Hz, for 10 seconds without break-
down.2

CRT DISPLAY
Display Area 8cm X 10 cm.2
Standard Phosphor P31.2
Nominal Accelerating Voltage 14 kv.2

X-Y PLOTTER OQUTPUT

Maximum Safe Applied Voltage,
Any Connector Pin

A

25 V (dc + peak ac) or 25 V p-p ac at 1 kHz or less.2

X and Y Plotter Outputs
Pen Lift/Down

Fused relay contacts, 100 mA maximum.2

Output Voltage Levels

500 mV per division *10%. Center screen is 0 V +0.2 division.

Series Resistance

2kQ +10%.2

4.2 V Output

4.2V £10% through 2 kQ.2

®performance Requirement not checked in Service Manual.
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Table 1-2

Environmental Characteristics

Characteristics

Performance Requirements

Environmental Requirements

Instrument meets the requirements of Tektronix Standard 062-
2853-00, Class 5, except EMI.

The instrument meets the following MIL-T-28800C requirements
for Type 1ll, Class 5 equipment, except where noted otherwise.

Temperature
Operating 0°C to +50°C (+32°F to +122°F),
Nonoperating ~55°C to +75°C (~67°F to +167°F).
Tested to MIL-T-28800C, para 4.5.5.1.3 and 4.5.5.1.4, except that
in para 4.5.5.1.3 steps 4 and 5 are performed before step 2
(=55°C nonoperating test). Equipment shall remain off upon
return to room ambient temperature during step 6. Excessive con-
densation shall be removed before operating during step 7.
Altitude . .
Operating To 4,500 meters (15,000 feet). Maximum operating temperature
decreases 1°C per 1,000 feet above 5,000 feet.
Nonoperating To 15,000 meters (50,000 feet).
Humidity

Operating and Nonoperating

5 cycles (120 hours) referenced to MIL-T-28800C para 4.5.5.1.2.2
for Type lil, Class 5 instruments. Operating and nonoperating at
85%, —5% to +0%, relative humidity. Operating, +30°C to
+50°C; nonoperating, +30°C to +60°C.

EM! (electromagnetic interference)

Meets radiated and conducted emission requirements per VDE
0871, Class B. .
To meet EMI regulations and specifications, use the specified

shielded cable and metal connector housing with the housing
grounded to the cable shield on the AUXILIARY CONNECTOR.

Vibration
Operating

15 minutes along each of three major axes at a total displacement
of 0.015 inch p-p (24 g at 55 Hz) with frequency varied from
10Hz to 55Hz to 10 Hz in one-minute sweeps. Hold for 10
minutes at 55 Hz in each of the three major axes. All major reso-
nances are above 55 Hz.

Shock
Operating and Nonoperating

30 g, half-sine, 11 ms duration, three shocks per axis each direc-
tion, for a total of 18 shocks.
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Table 1-3

Physical Characteristics

Characteristics

Description

Weight

With Power Cord, Cover,
Probes, and Pouch

See Figure 1-2 for dimensional drawing.

9.4 kg (20.7 Ib).

With Power Cord Only

8.2 kg (18 Ib).

Domestic Shipping Weight

12.2 kg (26.9 Ib).

Height 137 mm (5.4 in).
Width
With Handle 362 mm (14.3 in).
Without Handle - 327 mm (12.9 in).
Depth .

With Front Cover

445 mm (17.5 in).

Without Front Cover

435 mm (17.1 in).

With Handle Extended

5§10 mm (20.1 in).

VOLTS
(DC PLUS

PEAK AC)
400

300 \
2008

109

50

20

12.Sv

/

/

18 KKz 50 Khz

100 KHz 500 KHz 1 MHz
FREQUENCY

108 MHz

4207-28

Figure 1-1. Maximum input voltage vs frequency derating curve for CH 1 OR X, CH 2 OR Y, and EXT INPUT connectors.
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Figure 1-2. Physical dimensions of the 2230 Oscilloscope.
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Section 22230 Service

OPERATING INFORMATION

PREPARATION FOR USE

SAFETY

This part of the manual tells how to prepare for and to
proceed with the initial start-up of the instrument.

"Refer to the Safety Summary at the front of this
manual for power source, grounding, and other safety con-
siderations pertaining to the use of the instrument. Before
connecting the oscilloscope to a power source, read
entirely both this section and the Safety Summary.

LINE VOLTAGE

This instrument is capable of continuous operation with
input voltages that range from 90 V to 250 V with source
voltage frequencies from 48 Hz to 440 Hz.

POWER CORD

A detachable three-wire power cord with a three-
contact plug is provided with each instrument for connect-
ing to both the power source and protective ground. The
power cord may be secured to the rear panel by a cord-
set-securing clamp (see Figure 2-1). The protective-ground
contact in the plug connects (through the protective.
ground conductor) to the accessible metal parts of the
instrument. For electrical-shock protection, insert this plug
only into a power-source outlet that has a properly
grounded protective-ground contact.

instruments are shipped with the power cord specified
2y the customer. Available power-cord information is
Presented in Figure 2-2, and part numbers are listed in
‘Options and Accessories™ (Section 7). Contact your
Tektronix representative or local Tektronix Field Office for
aJditional power-cord information.

4 el
CAUTION CAUTION

FOR CONTINUED FIRE PROTECTION 70 AVDID BLECTRIC .
REPLACE ONLY WITH SPECIFIED SHOCK. THE POWER
TYPL AND RATED FUSE. DISCONNECT
POWER INPUT BEFORE REPLACING FUSE

LINE VOLTAGE RANGE] FUSE 250V

80250V AC

CORD PROTECTIVE
GROUNDING CONDUCTOR
MUST BE CONNECTED
70 GROUND.

EXT 2 Ax1S NPyUT
10K8. POSHTIVE GOING

INPUT DECAEASES
lfﬂ KTENSITY,
5 VOUT PP CAUSES
WOTICEABLE MODULA-
VION AT WORMAL
INTENSITY.

230V PEAK

50 NOT REMOVE ‘]
COVER. REFIR

SERVICING 10 /\
QUALIFIED PERSONNEL.

POWER

MAX WATTS 3§
MAX va 150
FREOUENCY
48-440 Mz

™~ POWER CORD CLAMP
T~ FLAT WASHER

é\ SELF-TAPPING SCREW

4998-02

Figure 2.1. Securing the detachable power-cord to the
instrument.
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Plug Line Reference
Configuration Usage Voltage Standards
North ANSI C73.11
American | 156v | NEMA 5-15.P
120v/ IEC 83
15A
Universal
Euro CEE (7).1,1V.vil
240v/ 240V | jec a3
10-16A
UK
240v/ 240V FE*::’:::’
13A
Australian
240V/ 240V AS C112
10A
A ANSI €73.20
240V/ 240V INEE:MBA:; 6-15-P
15A
";4‘\_\/3 Switzerland
TS 220v/ 220V SEV
S 6A .
Abbreviations:
ANS! — American National Standards Institute
AS — Standards Association of Austraiia
BS — British Standards Institution
CEE — International Commission on Rules for the
Approva! of Electrical Equipment
IEC — Internationa! Eiectrotechnical Commission
NEMA — National Eiectrical Manufacturer’s Association
SEV — Schweizevischer Elektrotechischer Verein

{2931-21)4204-53

Figure 2-2. Optional power-cord data.

LINE FUSE

The instrument fuse holder is located on the rear panel
(see Figure 2-3) and contains the line-protection fuse. The
following procedure may be used either to verify that the
proper fuse is installed or to install a replacement fuse.

1. Unplug the power cord from the power-input source
(if plugged in).

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

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

4. Verify that the proper fuse is installed (see the rear-
panel fuse nomenclature),

2:2

LINE
FUSE
4 yAR—
[ ) CAUTIOIN“ ; CAUTION

T AVOID ELECTRIC
SHOCK. THE POWER
£ CORD PROTECTIVE :
> GROUNDING CONDUCTOR
Z MUST BE CONNECTED
¥ T0 GROUND.

i FOR CONTINUED FIRE PROTECTION

- REPLACE ONLY WITH SPECIFIED

TYPE £ND RATED FUSE. DISCONNECT
POWER INPUT BEFORE REPLACING FUSE.

; LINE VOLTAGE RANGE | FUSE 250V
: L

E e

EXT Z &XIS INPYT
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2§ VOLT P.P CAUSES
NOTICEABLE MODULA-
= TION AT NORMAL
INTERSITY

=30V PEAK

¥
DO NOT REMOVE £
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SERVICING TO
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ST ET T UAR BT ] i

POWER !
T OMAX WAT'S &5
? MAX VA 150 i}
© FREQUENCY .
. AB.440 My Aty

/
POWER
CORD

CONNECTOR 4998-03

Figure 2-3. Fuse holder and detachable power-cord connector.

5. Reinstall the proper fuse in the fuse cap and replace
the cap and fuse in the fuse holder by pressing in and giv-
ing a slight clockwise rotation of the cap.

INSTRUMENT COOLING

To prevent instrument damage from overheated com-
ponents, adequate internal airflow must be maintained at
all times. Before turning on the power, first verify that both
the fan-exhaust holes on the rear panel and the air-intake
holes on the side panel are free from any obstructions to
airflow. After turning on the instrument, verify that the fan
is exhausting air.

START-UP

The instrument automatically performs power-up tests
of the digital portion of the circuitry each time the instru-
ment is turned on. The purpose of these tests is to provide
the user with the highest possible confidence level that the
instrument is fully functional. If no faults are encountered
during the power-up testing, the instrument will enter the



normal operating mode. If the instrument fails one of the
power-up tests, the instrument attempts to indicate the
cause of the failure.

If a failure of any power-up test occurs, the instrument
may still be useable for some appiications, depending on
the nature of the failure. If the instrument functions for
your immediate measurement requirement, it may be used,
but refer it to a qualified service technician for repair of the
problem at the earliest convenience. Consult your service
department, your local Tektronix Service Center, or your
nearest Tektronix representative if additional assistance is
required.

REPACKAGING

If this instrument is shipped by commercial transporta-
tion, use the original packaging material. Unpack the
instrument carefully from the shipping container to save
the carton and packaging material for this purpose.

If the original packaging is unfit for use or is not avail-
able, repackage the instrument as follows:

1. Obtain a corrugated cardboard shipping carton hav-
ing inside dimensions at least six inches greater than the
instrument dimensions and having a carton test strength
of at least 275 pounds:

Operating Information—2230 Service

2. If the instrument is being shipped to a Tektronix
Service Center for repair or calibration, attach a tag to the
instrument showing the following: owner of the instrument
(with address), the name of a person at your firm who may
be contacted if additional information is needed, 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 pack-
ing dunnage or urethane foam between the carton and the
instrument, allowing for three inches of padding on each
side (including top and bottom).

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
prominent locations.
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CONTROLS, CONNECTORS,
AND INDICATORS

The foliowing descriptions are intended to familiarize
the operator with the location and function of the
instrument’s controls, connectors, and indicators.

POWER AND DISPLAY

Refer to Figure 2-4 for location of items 1 through 9.

Internal Graticule—Eliminates parallax viewing error
between the trace and the graticule lines. Rise-time
amplitude and measurement points are indicated at
the left edge of the graticule.

POWER Switch—Turns instrument power on or off.
Press in for ON; press again for OFF.

Power On Indicator—Lights up while instrument is
operating.

FOCUS Control—Adjusts for optimum display
definition. Once set, proper focusing is maintained
over a wide range of display intensity.

@ © 66 6

STORAGE/READOUT INTENSITY Control—Adjusts
the brightness of the STORE mode displayed
waveforms and the readout intensity in both STORE
and NON STORE mode. The fully counterclockwise
position of the control toggles the STORE/NON
STORE readout on and off.

@ BEAM FIND Switch—Compresses the vertical and
horizontal deflection to within the graticule area and
intensifies the display to aid in locating traces that
are overscanned or defiected outside of the crt view-
ing area.

@ TRACE ROTATION Control—Permits alignment of
the trace with the horizontal graticule line. This con-
trol is a screwdriver adjustment that, once set,
should require little attention during normai
Operation.

24

A INTENSITY Control—Adjusts the brightness of all

NON STORE displayed waveforms. The control has
no effect on the STORE mode displays or the crt
readouts.

@ B INTENSITY Control—Adjusts the brightness of

the NON STORE B Delayed Sweep and the
Intensified zone on the A Sweep. The control has no
effect on STORE mode displays or crt readouts.

VERTICAL

Refer to Figure 2-5 for location of items 10 through 19.

VOLTS/DIV Switches—Select the vertical channel

deflection factors from 2 mV to 5 V per gdivision in a
1-2-5 sequence. The VOLTS/DIV switch setting for
both channels is displayed in the crt readout. The
VOLTS/DIV contre! settings for displayed waveforms
containing cursor symbols are shown in the crt
readout.

In STORE mode, SAVE waveforms and waveforms
waiting to be updated between trigger events may
be vertically expanded or compressed by up to a
factor of 10 times (or as many VOLTS/DIV switch
positions remaining—whichever is less) by switching
the corresponding VOLTS/DIV control (waveforms
acquired at 2 mV/div cannot be expanded and
waveforms acquired at 5 V/div cannot be
compressed). The VOLTS/DIV readout reflects the
vertical scale factor of the displayed waveform. If the
VOLTS/DIV switch is switched beyond the available
expansion or compression range, the readout is
tilted to indicate that the VOLTS/DIV switch setting
and the VOLTS/DIV readout no longer agree.

1X PROBE-—Front-panel marking that indicates
the defiection factor set by the VOLTS/DIV switch
when a X1 probe or a coaxial cable is attached to
the channel input connector.

10X PROBE—Front-panel marking that indicates
the deflaction factor set by the VOLTS/DIV switch
when a properly coded 10X probe is attached to
the channel input connector.
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Figure 2-4. Power and display controls and power-on indicator.
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Figure 2-5. Vertical controls and connectors.
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it properly coded probes (1X, 10X, or 100X, see
Table 2-1) are connected to a channel input connec-
tor, the crt VOLTS/DIV readout will reflect the
correct deflection factor of the display.

Table 2-1
Probe Coding

Probe Coding Resistance
1X Infinite
10X 11 k2 £10%
100X 5.6 k2 —~10% t0 6.2 kQ +10%
IDENTIFY 0 Q or none of the above

Variable VOLTS/DIV Controls—Provide continu-
ously variable uhcalibrated deflection factors
between the calibrated positions of the VOLTS/DIV
controls. The VOLTS/DIV sensitivity is reduced by
up to at Jeast 2.5 times the sensitivity at the fully
counterclockwise position of the variable knob. A
detent at the fully clockwise position indicates the
calibrated VOLTS/DIV position of the variable knob.
The uncalibrated condition is indicated by a greater-
than symbol (>) in front of the affected VOLTS/DIvV
readout.

AC-GND-DC (Input Coupling) Switches—Select the
method of coupling the input signal to the CH 1 and
CH 2 vertical amplifiers and the storage acquisition
system.

AC—Capacitively couples the input signal to the
vertical deflection and signal acquisition systems.
The DC component of the input signal is blocked.
The lower —3 dB bandpass is 10 Hz or less.
Selection of AC input coupling is indicated in the
readout by a tilde symbol (~) over the V on the
associated channel's VOLTS/DIV readout.

GND—Grounds the input of the vertical amplifier;
provides a zero (ground) reference voltage display
(does not ground the input signal). In STORE
mode, the ground reference is acquired and
displayed in the first sample location of the
acquisition waveform display. When GND input
coupling is selected, a ground symbol is displayed
in the associated VOLTS/DIV readout.

DC—AIl frequency components of the input signal
are coupled to the vertical deflection and signal
acquisition systems. When DC input coupling is
selected, no additional indicators are displayed
with the associated VOLTS/DIV readout.

Operating Information—2230 Service

CH1ORXand CH2O0R Y input Connectors—
Provide for application of signals to the inputs of the
vertical deflection system and the storage acquisition
system.

Coding-ring contacts on each of the input connec-
tors are used to automatically switch the scale factor
displayed by the crt readout when a properly coded
probe is attached to the input connector. Displayed
STORE mode waveforms are reformatted to main-
tain the correct deflection as indicated by the
VOLTS/DIV readout on the affected channel(s). In
X-Y mode, the signal connected to the CH 1 OR X
input controls the horizontal deflection, and the sig-
nal connected to the CH 2 OR Y input controls the
vertical deflection.

CH 2 INVERT Switch—Inverts the Channel 2 display
and STORE mode Channel 2 acquisition signal when
pressed in. An invert symbol (1) is displayed with the
CH 2 VOLTS/DIV readout when CH 2 is inverted.
With CH 2 inverted, the oscilloscope may be
Operated as a differential amplifier when the Vertical
MODE of BOTH-ADD is selected.

VERTICAL MODE Switches—Select the mode of
operation for the vertical ampiifier. There are two
three-position switches and one two-position switch
that determine display and acquisition modes and
one two-position push-button switch that controls
the nonstore bandwidth.

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

BOTH—Selects a combination of Channel 1 and
Channel 2 input signals for acquisition or display.
The CH 1-BOTH-CH 2 switch must be in the
BOTH position for ADD, ALT, and CHOP opera-
tion.

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

ADD—Displays (NON STORE) or acquires and
then displays (STORE) the sum of the Channel 1
and Channel 2 input signals when BOTH is also
selected. The difference of the Channel 1 and
Channel 2 input signals s displayed (NON
STORE) or acquired and then displayed (STORE)
when the Channel 2 signal is inverted.

ALT-—Alternately displays the nonstore Channel
1 and Channel 2 input signals. The nonstore alter-
nation occurs during retrace at the end of each
sweep. ALT Vertical MODE is most useful for

2-7
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acquiring and viewing both channel input signals
at sweep rates of 0.5 ms per division and faster.
Channel 1 and Channel 2 STORE mode signals
are acquired on alternate acquisition cycles at
one-half the sampling rate of a single-channel
acquisition.

CHOP—Switches the nonstore display between
the Channel 1 and Channel 2 vertical input sig-
nals during the sweep. The chopped switching
rate for NON STORE mode (CHCP frequency) is
approximately 500 kHz. Chopped STORE mode
signals are acquired on alternate time-base clock
cycles with each channel being acquired at one-
half the sampling rate of a single-channel acquisi-
tion. In STORE mode at sweep speeds of 5 us
per division or faster, CHOP becomes ALT mode.

BW LIMIT Switch—When pressed in while in
NON STORE mode, the bandwidth of the vertical
amplifier system and the A Trigger system is lim-
ited to approximately 20 MHz. This reduces
interference from unwanted high-frequency sig-
nals when viewing low-frequency signals. In
STORE mode, pressing in the BW LIMIT switch
reduces only the trigger bandwidth. Press the
switch a second time to release the switch and
regain full bandwidth.

X-Y Switch—Automatically selects X-Y mode
when pressed in. The CH 1 input signal provides
horizontal defiection for X-Y displays, and the
CH 2 input signal provides vertical deflection. in
STORE mode, CH1 and CH 2 signals are
acquired in a chopped manner with no more than
100 ns between corresponding sample points on
opposite channels, with the CH 1 signal being
sampled before the CH 2 signal. The sampling
mode and sampling rate are controlled by the A
or the B SEC/DIV switch (depending on the Hor-
izontal Display mode). The X-Y waveform is
acquired in SAMPLING mode and displayed with
dots. Set the SEC/DIV controls to obtain at least
10 samples per cycle of the highest frequency
component in both the X and the Y input signals.
The sampling rate is determined by the formula
50/(SEC/DIV) Hz.

Vertical POSITION Controls—Control the vertical
display position of the CH 1 and CH 2 signals.

In STORE mode, the controls determine the vertical
position of displayed waveforms during acquisition
and in SAVE mode. Any portions of a signal being
acquired that are outside the dynamic range of the
A/D converter are blanked when positioned on
screen. The Vertical POSITION controls can also
reposition a vertically expanded SAVE waveform so
that portions of the waveform outside the graticule
area can be observed.

In NON STORE X-Y mode, the CH 2 POSITION con-
trol vertically positions the display, the horizontal
POSITICN control positions the display horizontally,
and the CH 1 POSITION control is not active. In
STORE mods, the CH 1 POSITION control is active,
and both it and the Horizontal POSITION control
affect the horizontal position of the displayed
waveform.

@ A/B SWP SEP Control (NON STORE only)—While
in NON STORE mode, vertically positions the B
Sweep trace with respect to the A Sweep trace
when the HORIZONTAL MODE is BOTH.

PRB ADJ Connector—Provides an approximately
0.5V, negative-going, square-wave voltage (at
approximately 1kHz) for compensating voltage
probes and checking the operation of the
oscilloscope’s vertical system. It is not intended to
verify the accuracy of the vertical gain or the hor-
izontal tire-base circuitry.

GND Connector—Provides an auxiliary ground con-
nection directly to the instrument chassis via a

banana-tip jack.

HORIZONTAL

Refer to Figure 2-6 for location of items 20 through 26.

SEC/DIV Switches—Determine the SEC/DIV setting
for both the NON STORE sweeps and the STORE
mode waveform acquisitions. To obtain calibrated A
and B NON STORE sweeps, the Variable SEC/DIV
control must be in the CAL detent.

In STORE mode, the SEC/DIV switches determine
the default acquisition and display modes, set the
sampling rate, and establish the seconds-per-division
scale factor of the displayed waveforms. The
SEC/DIV parameters displayed on the crt readout
are for the waveforms identified by CURSORS.

Table 2-2 lists the default Storage and Display
modes with respect to the SEC/DIV switch setting
and the selected Trigger mode. The default modes
may be changed by selecting the Acq Mode Setup
Table in the menu. Waveforms of SCAN, and ROLL
displays are updated one data point at a time. All
data points of a RECORD display are updated at the
same time (total record replacement).



A SEC/DIV Switch—Selects the calibrated A
Sweep rates from 0.5 s to 0.05 us/div in a 1-2-5
sequence of 22 steps for the A Sweep generator
and sets the delay time scale factor for delayed-
sweep operation.

In STORE mode, the A SEC/DIV switch controis
the default Storage, Acquisition, Process, and
Display modes when making acquisitions using
the A Time Base. It also selects the external
clock signal, from the EXT CLK input, for the
storage acquisition circuitry.

B SEC/DIV Switch—Selects the calibrated B
Sweep rates from 50 ms/div to 0.05 us/div in a
1-2-5 sequence of 19 steps.

In STORE mode, the B SEC/DIV switch controls
the default Storage, Acquisition, Process, and
Display modes when making acquisitions 'using
the B Horizontal mode.

UNTRIGGERED mode performs acquisitions
without reference to the trigger circuit, and there
is no trigger marker on the screen. Triggers are
ignored in STORE mode at SEC/DIV settings of
5 s per division to 0.1 s per division under the
foliowing conditions:

ROLL is selected. Selecting ROLL forces the
screen to continuously update as on a chart
recorder. Triggers would stop the display.
ROLL is operational at sweep speeds slow
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Table 2-2
Default Digital Storage Modes

Figure 2-6. Horizontal controls.

UN-TRIG® TRIGP SLOW RECORD FAST RECORD REPETITIVE
5sto0.1s 5st00.1s 50 ms to 20 us 10 us to 5 us 2 us to 0.05 us
or EXT CLK or EXT CLK

SAMPLE® OFF OFF OFF ON OFF
AVERAGE® — OFF OFF OFF ON
ACCPEAKS® — OFF OFF OFF OFF
PEAKDET® ON ON ON — —
SMOQTH¢? ON ON ON OFF OFF
VECTORS ON ON ON ON DOTS only

. %See the “UNTRIGGERED" discussion.
bSee the “TRIGGERED” discussion.

cThese Storage modes are mutually exclugive.
“Works with ACCPEAK and PEAKDET only.

29
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enough that the acquisition can manually be
stopped when events of interest are observed.

P-P AUTO is selected. P-P AUTO provides a
baseline in the absence of triggers from the
input signal. The circuit considers the absence
of triggers to be about half of a second without
a trigger. Below 50 ms per division, the
triggers are prevented for longer than that by
the sweep time itself, therefore triggers are
ignored.

TRIGGERED mode performs triggered acquisi-
tions in STORE mode at SEC/DIV settings of 5 s
per division to 0.1 s per division when triggers
can be meaningful. Triggers are meaningful in
SCAN mode if the A TRIGGER mode is NORM or
SGL SWP. Triggers are not meaningful in ROLL
mode or in the A TRIGGER Mode of P-P AUTO.

.

REPETITIVE Store mode (2 ps/div to 0.05 us/div)
requires a repetitive trigger signal. Sampling
occurs at the maximum A/D conversion rate. If a
control affecting an acquisition parameter or func-
tion is changed, the acquisition is reset, and the
waveform being acquired is cleared on the next
sample acquired. On each valid trigger, 10 or
more equally spaced samples are acquired and
displayed on the waveform record, depending on
the SEC/DIV setting (see Table 2-3). The random
time delay from the trigger to the following sam-
ple clock transition is measured by the Clock
Delay Timer circuit and used to place the acquired
waveform samples in the correct display memory
location. Any display location is equally likely to
be filled. Table 2-3 gives the statistically expected
number of trigger events required to completely
fill the display, assuming a uniform distribution of
trigger events relative to the sample interval.

FAST RECORD Storage mode (5 us/div to
10 us/div) updates a full record of the acquired
waveform.

SLOW RECORD Storage mode (20 gs/div to
50 ms/div) updates a full record of the acquired
waveform.

SCAN Storage mode (for NORM TRIGGER mode
and 0.1 s/div to 5 s/div or EXT CLOCK) updates
pretrigger data when a trigger is received. The
waveform display then scans to the right from the
trigger point to finish the post-trigger acquisition
and then freezes.

SCAN Storage mode (for P-P AUTO TRIGGER
mode with auto triggers disabled and 0.1 s/div to
5 s/div or EXT CLOCK) continuously updates the
display serially as each data point is acquired. It
writes over previous data from left to right.

ROLL Storage mode (P-P AUTO TRIGGER mode
and 0.1 s/div to 5 s/div or EXT CLOCK) continu-
ously acquires and displays signals. Triggers are
disabled. The waveform display scrolls from right
to left across the crt with the latest samples
appearing at the right edge of the crt.

SCAN-ROLL-SCAN Storage mode (SGL SWP
TRIGGER mode and 0.1 s/div to 5 s/div or EXT
CLOCK) serially updates the display. The
waveform display SCANS left to right until the
pretrigger record is filled, and then ROLLS right
to left until a trigger is received. It then SCANS
left to right again to fill the post-trigger acquisition
record and then freezes (see SGL SWP descrip-
tion for further details).

PEAKDET Acquisition mode digitizes and stores,
in acquisiton memory as a data pair, the
minimum and maximum levels of the input signal
within the time represented by 1/50 of a division
UN-MAG (1/25 division in CHOP or ALT).

SAMPLE samples the signal at a rate that pro-
duces 100 samples per graticule division. In the
RECORD Sampling modes, the displayed sample
points are displayed by vectors or dots. For
REPETITIVE Store mode, the sample points are
displayed as dots.

Table 2-3

Repetitive Store Sampling Data Acquisition

SEC/DIV Samples Per Expected
Switch Acquisition Acquisitions
Setting Per Waveform®

1K 4K 1 2
Mode Mode Channel | Channels
0.05 us 10 40 519 450
0.1 us 20 80 225 191
02us 40 160 96 83
0.5 us 100 400 30 23
1us 200 800 12 11
248 200 800 12 11

®Expected acquisitions per waveform for a 50% probability of

fill.



AVERAGE Acquisition mode can be used for mul-
tiple record averaging. A normalized algorithm is
used for continuous display of the signal at full
amplitude during the averaging process. The
amplitude resolution increases with the number of
weighted acquisitions included in the display. The
default mode for REPETITIVE Store mode is
AVERAGE. The averaging weight (the number of
weighted waveform acquisitions included in each
average display) is MENU selectable. The default
average weight is 1/4. The number of sweeps
(SWP LIMIT) allowed to occur before averaging
stops is also MENU selectable. The averaging
process is reset by changing any control that
causes an acquisition reset.

ACCPEAK Acquisition mode causes accumulation
of peaks over multiple acquisitions. The largest
maximum and smallest minimum samples are
retained for each trigger-referenced acquisition
record. For 20 us' per division to 5 s per division,
hardware peak detection is used, updating max-
imum and minimum sampies within each time
base clock period. The ACCPEAK display is reset
by changing any control that causes an acquisi-
tion reset. ACCPEAK mode is valid for triggered
acquisitions only and is not operational in untrig-
gered modes (see Table 2-2).

SMOOTH Processing mode reorders acquired
data for correct slope and interpolates the data
for drawing a smooth waveform. Smoothing looks
at the change in data point values between adja-
cent sampie intervals. if the change in value does
not exceed certain limits, the values are inter-
preted as a continuous slope for drawing vectors
or dots. If the value change exceeds the inter-
preted ‘‘no-change’ limit, the data point value is
not modified, and the vectors drawn in the display
will show a discontinuity in the waveform. This
method of display of the waveform data provides
a smoothed display of the waveform, yet retains
the glitch-catching capabilities of PEAKDET or
ACCPEAK modes.

@ STORE Mode A SEC/DIV Multiplier—Functions

only in the STORE mode at SEC/DIV switch settings
of 0.1, 0.2, and 0.5 s/div. When pressed in, the A
Sweep time base of these three settings is increased
by a factor of 10 to 1 s/div, 2 s/div, and 5 s/div.
Releasing the button returns the STORE mode time
base to X1. The X10 MAG control is still functional
on waveforms acquired at the slow STORE mode
SEC/DIV settings.
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Variable SEC/DIV and 4K COMPRESS Control—
Controls the NON STORE sweep time per division
and compresses STORE mode waveform records.

Variable SEC/DIV—Continuously varies the
uncalibrated NON STORE sweep time per division
to at least four times the calibrated time per divi-
sion set by the SEC/DIV switch (increases the
slowest NON STORE A Sweep time per division
to at least 2s). The Variable SEC/DIV control
does not affect the storage time base for acquir-
ing or displaying signals.

4K COMPRESS—If the Variable SEC/DIV control
is rotated out of the CAL detent position during
waveform acquisitions or SAVE mode, a 4K
record is compressed by a factor of four (4K
COMPRESS) to display the acquired data in one
display window. For 4K COMPRESS the
SEC/DIV is further multiplied by 4. In PEAKDET
or ACCPEAK acquisition modes, peaks are
acquired but not displayed when 4K COMPRESS
is selected.

X10 Magnifier Switch—Magnifies the NON STORE
displays or expands the STORE acquisition and
SAVE waveform displays by 10 times. STORE mode
displays are expanded when the Variable SEC/DIV
knob is pulled to the out position (X10 PULL). The
SEC/DIV scale factor readouts are adjusted to
correspond to the correct SEC/DIV of the displayed
waveform (either NON STORE or STORE).
Magnification of the NON STORE displays occurs
around the center vertical graticule division; STORE
mode displays are expanded around the active CUR-
SOR. The display window for STORE mode X10
expanded waveforms may be positioned using the
CURSORS Control to view any one-window portion
of the acquisition record.

HORIZONTAL MODE Switch—Determines the
operating mode of the horizontal defiection system in
both NON STORE and STORE. For STORE mode,
the switch selects the acquisition time base and
storage mode (either A SEC/DIV or B SEC/DIV).

A—-Only the A Sweep is displayed. NON STORE
time base and STORE acquisitions are controlled
by the A SEC/DIV switch. The A SEC/DIV switch
setting is displayed on the crt readout.

BOTH—AIlternates the NON STORE display
between the A Intensified and B Delayed Sweeps.
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The STORE mode display is the A Intensified
trace only. The intensified zone on the A trace
indicates the approximate delay position and
length of the B Delayed Sweep. The displayed
position of the intensified zone is updated after
each trigger. The A SEC/DIV, B SEC/DIV, and B
DELAY TIME POSITION settings are displayed
on the crt readout. In BOTH, STORE mode
acquisitions are controlied by the A SEC/DIV
switch.

B—Displays either the NON STORE or the
STORE B Sweep trace. The A SEC/DIV, B
SEC/DIV, and B DELAY TIME POSITION settings
are displayed on the crt readout, just as in BOTH.
The STORE mode waveform acquisitions are con-
trolled by the B SEC/DIV switch.

B DELAY TIME POSITION Control—Adjusts the
delay between the start time of the A Sweep and the
time that the B Sweep either starts (RUNS AFTER
DLY) or can be triggered (Triggerable After Dly). (The
A Sweep does not have to be displayed.) The delay
time is variable from 0.5 to 10 times the A SEC/DIV,
plus 300 ns.

In Triggerable After Delay, the delay time readout
indicates the time that must elapse after the A
trigger before the delayed sweep or delayed acquisi-
tion can be triggered; not the actual position of the
trigger point. However, the readout of the delay time

on the crt follows the setting of the B DELAY TIME

POSITION control in either B Trigger mode.

The setting of the 1K/4K switch affects the delay
time position setting for STORE mode displays by a
factor of approximately four times. When switching
between 1K and 4K record lengths, the delay time
position setting must be readjusted to obtain the
same delay time.

Horizontal POSITION Control—Positions all the
NON STORE waveforms horizontally over a one-
sweep-length range (either X1 or X10 Magnified).
Using the Horizontal POSITION control, STORE
mode waveforms may be positioned over a range of
only one display window. When a STORE mode
acquisition display is longer than one screen (as in
4K records andfor X10 MAG), the CURSORS POSI-
TION control is used to position the display window
to any position of the acquisition record. The Hor-
izontal POSITION control does not position the crt
readout displays.

TRIGGER

Refer to Figure 2-7 for location of items 27 through 38.

NOTE

The Trigger controls affect the acquisition of the
next waveform. They are inactive in SAVE Acquisi-
tion mode.

@ A TRIGGER Mode Switches—Determine the NON
STORE A Sweep triggering mode. STORE mode
triggering depends on the position of the A SEC/DIV,
the SCAN/ROLL switch, and the A Trigger mode.
The trigger position is marked by a T on acquired
waveforms.
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Figure 2-7. Trigger controls, connector, and indicator.



NORM—Permits triggering at all sweep rates (an
autotrigger is not generated in the absence of an
adequate trigger signal). NORM Trigger mode is
especially useful for low-frequency and Iow-
repetition-rate signals.

In STORE mode, the last acquired waveform is
held on display between triggering events. The
pretrigger portion of the acquisition memory s
continually acquiring new pretrigger data until a
trigger event occurs. How the waveform display is
updated after the trigger occurs, depends on the
SEC/DIV setting. From 5 s per division to 0.1's
per division, the pretrigger portion of the
displayed waveform is updated by the pretrigger
data in the acquisition memory, then the post-
trigger data points are placed in the display as
they are acquired. For faster sweep speeds, the
post-trigger data points are acquired in the
acquisition memory prior to completely updating
the waveform display, using the newly acquired
data, '

P-P AUTO—TV LINE—In NON STORE mode,
triggering occurs on trigger signals having ade-
Quate amplitude and a repetition rate of about
20 Hz or faster. In the absence of a proper trigger
signal, an autotrigger is generated, and the sweep
free runs.

In STORE mode, for SEC/DIV settings of 5 s per
division to 0.1s per division, the P-P AUTO
trigger mode is disabled, and the acquisition free-
runs. At faster SEC/DIV settings, triggered
acquisitions occur under the same conditions as
NON STORE mode P-P AUTO triggering, and the
acquisition free-runs if proper triggering conditions
are not met. The manner in which the display is
filed and updated is the same as for NORM
triggering.

For either NON STORE or STORE mode, the
range of the A TRIGGER LEVEL control is
automatically restricted to the p2ak-to-peak limits
of the trigger signal for ease in obtaining trig-
gered displays and acquisitions. P-P AUTO is the
usual Trigger mode selection to obtain stable
displays of TV Line information.

TV FIELD—Permits stable triggering on a televi-
sion field (vertical sync) signal when the P.P
AUTO and the NORM Trigger buttons are
pressed in together. In the absence of an ade-
quate trigger signal, the sweep (or acquisition)
free-runs. The instrument otherwise behaves as in
P-P AUTO.
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SGL SWP—Arms the A Trigger circuit for a single
sweep in NON STORE or a single acquisition in
STORE. Triggering requirements are the same as
in NORM Trigger mode. After the completion of a
triggered NON STORE sweep or a STORE SGL
SWP acquisition, pressing in the SGL SWP but.
ton rearms the trigger circuitry to accept the next
triggering event or start the next storage acquisi-
tion.

In STORE mode, when the SGL SWP is armed,
the acquisition cycle begins, but the READY LED
does not come on until the pretrigger portion of
the acquisition memory is filled. At the time the
READY LED comes on, the acquisition system is
ready to accept a trigger. When a trigger event
occurs, the post-trigger waveform data is stored
to complete the single-sweep acquisition. After
the acquisition is completed, the READY LED
goes out, and the single sweep can be rearmed.

The SEC/DIV switch setting and the STORE
mode determine how the display is updated. For
settings of 5 s per division t0 0.1 s per division, a
storage process known as SCAN-ROLL-SCAN is
used. The last acquired waveform is erased when
SGL SWP is armed, then the pretrigger acquisi-
tion scans from the left edge to the trigger posi-
tion. At that point, the pretrigger portion of the
display is rolled left from the trigger position until
a triggering event occurs. Upon receiving an ade-
Qquate trigger, the post-trigger portion of the
display scans from the trigger point to the right
until the remaining data points are filled, and then
the display freezes.

For SEC/DIV settings of 0.05 s per division and
faster, the display is updated as a full record. The
previously displayed waveform remains on the crt
until the post-trigger portion of the acquisition
memory is filled after a triggering event. Then the
waveform display is updated with the newly
acquired data in its entirety.

READY—TRIG'D Indicator—A dual-function LED
indicator. In P-P AUTO and NORM Trigger modes,
the LED is turned on when triggering occurs. In SGL
SWP Trigger mode, the LED turns on when the A
Trigger circuit is armed, awaiting a triggering event,
and turns off again after the single sweep (or
acquisition) completes.

In STORE mode, pressing the SGL SWP button to
arm the trigger circuitry does not immediately turn
on the READY LED. The pretrigger portion of the
acquisition memory starts filing after the SGL SWP
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button is pressed in; the READY LED is turned on
when the filling is completed. The storage acquisition
system is then ready to accept a triggering event.
The READY LED is turned off after an acquisition is
completed.

A TRIGGER LEVEL Control—Selects the amplitude
point on the A Trigger signal that produces trigger-
ing. The trigger point for STORE mode is identified
by a T on the acquired waveform.

HF REJECT Switch—Rejects (attenuates) the high-
frequency components (above 40 kHz) of the trigger
signal when the control is in the ON posiltion.

A TRIGGER SLOPE Switch—Selects either the
positive or negative slope of the trigger signal to
start the NON STORE A Sweep or to reference the
next STORE mode acquisition cycle.

A&B INT Switch—Determines the source of the
internal trigger signal for both the A and the B
Trigger Generator circuits.

CH 1—Trigger signal is obtained from the CH 1
input.

VERT MODE—Trigger signal is obtained alter-
nately from the CH 1 and CH 2 input signals if the
VERTICAL MODE is ALT. in the CHOP VERTI-
CAL MODE, the trigger signal is the sum of the
CH 1 and CH 2 input signals.

CH 2—Trigger signal is obtained from the CH 2
input. The CH 2 INVERT switch also inverts the
polarity of the internal CH 2 trigger signal so the
displayed slope agrees with the Trigger SLOPE
switch.

A SOURCE Switch—Determines if the SOURCE of
the A Trigger signal is internal, external, or from line.

INT—Routes the internal trigger signal selected
by the A&B INT switch to the A Trigger circuit.

LINE—Routes a sample of the ac power source
to the A Trigger circuit.

EXT—Routes the signal applied to the EXT
INPUT connector to the A Trigger circuit.

A EXT COUPLING Switch—Determines the method
of coupling the signal applied to the EXT INPUT con-
nector to the input of the A Trigger circuit.

AC—Input signal is capacitively coupled, and the
dc component is blocked.

DC—AIl frequency components of the external
signal are coupled to the A Trigger circuit.

DC <+ 10—Attenuates the external signai by a fac-
tor of 10 before application to the A Trigger cir-
cuit. As with DC COUPLING, all frequency com-
ponents of the input signal are passed.

EXT INPUT Connector—Provides for connection of
external signals to the A Trigger circuit.

B TRIGGER (INT SOURCE ONLY) SLOPE
Switch—Selects either the positive or the negative
slope of the B Trigger signal that starts the NON
STORE sweep or completes the STORE acquisition.

B TRIGGER LEVEL Control—Selects the amplitude
point on the B Trigger signal where triggering occurs
in Triggerable After Delay mode. The B Trigger point
is displayed as a T on the STORE mode waveform
display when in B Horizontal mode. The fully clock-
wise position of the B TRIGGER LEVEL Control
selects the Runs After Delay mode of operation for
the B Trigger circuitry. Out of the cw position, B
Sweep is triggerable after the delay time.

VAR HOLDOFF Control—Adjusts the NON STORE
Variable Holdoff time over a 10 to 1 range. NON
STORE Variable Holdoff starts at the end of the A
Sweep. STORE mode Holdoff starts at the end of
the acquisition cycle, and ends after the waveform
data has been transferred from the acquisition to the
display memory and the pretrigger portion of the
acquisition memory has been filled. After STORE
mode Holdoff ends, the next acquisition can be trig-
gered after the next (or current, if one is in progress)
NON STORE Variable Holdoff ends. STORE mode
Holdoff may be many times the length of the A
Sweep time so that several NON STORE Holdoffs
may occur during STORE Holdoff time. This ensures
that STORE mode triggering is controllable by the
VAR HOLDOFF control and will be stable if the NON
STORE display is stable.



STORAGE CONTROLS

See Figure 2-8 for the location of items 38 through 42.

. (39) STORE/NON STORE Switch—Selects either the

NON STORE or the STORE waveforms for display.
The STORE acquisition system is turned off while
NON STORE is selected, keeping the last-acquired
STORE waveform in memory. Selects NON STORE
when out and STORE when pressed in.

ACQUISITION Controls—Determine the method of
acquiring and displaying the acquired STORE
waveform.

1K/4K Switch (Record Length)—Selects an
acquisition record length of either one screen (1K)
or four screens (4K). Pressing the button in
selects 1K record length, and pressing it again to
release it returns to 4K record length acquisitions.
In either case, the displayed waveform has 100
data points per horizontal graticule division (50 if
two channels are acquired).

When a waveform is acquired using the B time
base, switching between record lengths also
changes the delay time position setting by the
same factor of four. The B DELAY TIME POSI-
TION control must be repositioned to obtain the
same delay.

When the 4K record length is selected, a one-
screen (1K) window of the acquisition is
displayed, and a bar graph is used to indicate the
position of the displayed window within the
record. Turn the CURSORS Position control to
move the display window to any position within
the record.

The 4K acquisition record can be compressed to
a length of 1K by rotating the Variable SEC/DIV
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control out of the CAL detent position. The
SEC/DIV readout is adjusted to reflect the correct
time per division of the displayed waveform. The
acquisition record may be magnified using the
X10 Magnifier.

PRETRIG/POST TRIG Switch—Positions the
trigger point for acquisitions either near the end
(PRETRIG) or the beginning (POST TRIG) of the
waveform. A T is displayed on the waveform to
indicate the trigger point. Pressing the button in
sets the trigger point to PRETRIG; out is the
POST TRIG position.

ROLL/SCAN Switch—Selects either ROLL or
SCAN acquisition and display mode. When
pressed in (ROLL mode), at SEC/DIV switch set-
tings from 0.1 s per division to 5 s per division the
triggers are disabled for NORM and P-P AUTO
Trigger modes, and the signals are continuously
acquired and displayed. The waveform display
scrolls from right to left across the crt .with the
latest samples appearing at the right edge of the
crt. At SEC/DIV switch settings from 0.1 s per
division to 5 s per division in SGL SWP Trigger
mode, SCAN/ROLL/SCAN storage mode is
selected.

At SEC/DIV switch settings of 0.05 s per division
and faster, the ROLL/SCAN switch is not func-
tional, and waveform samples require a triggering
event to complete the acquisition before the
display is updated.

When the ROLL/SCAN switch is in the out posi-
tion (SCAN mode), the A TRIGGER Mode con-
trols are functional. For NORM Trigger mode, the
pretrigger waveform is updated by the trigger and
the post trigger scans from the trigger position to
the right. For SGL SWP, SCAN mode is overrid-
den by SCAN/ROLL/SCAN. Triggers are disabled
in P-P AUTO and TV FIELD Trigger modes.
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Figure 2-8. Storage controls.
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SAVE/CONTINUE Switch—Stops the current
acquisition and display update in progress when
pressed in. Pressing the SAVE/CONTINUE switch
a second time releases it and restarts (CON-
TINUE) the acquisition process. !f the SEC/DIV
switch setting is 0.1 s per division or slower, the
SAVE state is entered immediately upon pressing
the button. At SEC/DIV settings of 50 ms per
division and faster, if an acquisition has been trig-
gered, the acquisition is allowed to complete
before the SAVE state is entered.

The pretrigger portion of an untriggered acquisi-
tion stops filling in SAVE mode. When leaving
SAVE, a new acquisition is started, and a trigger
is not accepted until the pretrigger portion again
refills.

CURSORS Controls—These controls apply to all
displayed STORE mode waveforms. Delta Volts,
Delta Time, One Over Delta Time, and Delay Time
measurements of the STORE displays are made
using the CURSORS controls. Positioning of the
display window within a 4K acquisition record length
is done using the CURSORS Position control. See
the "'Crt Readout” description for the cursor readout
display.

POSITION CURS/SELECT WAVEFORM
Switch—Determines the function of the CUR-
SORS Position control. When pressed in (POSI-
TION CURSORS mode), the CURSORS Position

CH 2; and Reference 3, CH 1 and CH 2. Cursors
move to the acquisition waveform if they were on
a SAVE REF waveform that is turned off. The
acquisition parameters of the waveform set in
which the cursors are located are displayed in the
crt readout. Cursors movable by the CURSORS
Position control are enclosed in a box.

When the displayable acquisition record length is
greater than one screen, a one-screen window of
the record is displayed. A bar graph indicates the
position of the display window within the acquisi-
tion reccrd. The position of the display window is
adjusted to provide a display of the cursor posi-
tion. If the displayed cursor is positioned to either
edge of the display window, further positioning
starts the waveform display scrolling in the oppo-
site direction as the display-window position
moves. Display-window positioning can be contin-
ued to the ends of the record, allowing observa-
tions and measurements to be made over the
entire acquisition record.

SELECT C1/C2 (Cursor-Select) Switch—In Posi-
tion CURS mode this switch selects the cursor(s)
that can be positioned by the CURSORS Position
control. Cursors are activated alternately with
each press of the C1/C2 button. Each selected
cursor is enclosed in a box. In Select Waveform
mode, pressing the C1/C2 switch moves the cur-
sor set between displayed waveforms.

control functions as a cursor horizontal position-
ing control. When the push button is in the out
position (SELECT WAVEFORM mode), the CUR-
SORS Position control or the C1/C2 switch may
be used to position the cursor to the desired
waveform(s).

CURSORS Position Control—Provides for either
horizontal positioning of the active cursor (or
active cursors when there are two waveforms
displayed in a display set) or for switching the
cursors between waveform display sets. When
cursors are positioned to a new waveform set,
they return to the position that they had when
they were last on that waveform set. Cursor posi-
tioning continues to function during SAVE mode,
and measurements can be made on any
displayed waveform. When an acquisition control
is changed, the cursors return to the acquisition
waveform set.

Cursors are placed on all waveforms in a display
set. A display set is one or both waveforms from
the following: Acquisition, CH 1 and CH 2; Refer-
ence 1, CH 1 and CH 2; Reference 2, CH 1 and

MEMORY and Menu Controls—These switches
control MENU operation while the MENU is
displayed, and they control the storage and display
of the SAVE Reference waveforms when the MENU

is not displayed.

WAVEFORM  REFERENCE/MENU  SELECT
Switch—-Selects either the MENU or SAVE REF
MEMORY displays. In Waveform Reference
mode, the MEMORY switches control the Save
Reference Memory. In MENU mode, the
MEMORY switches control the Menu, allowing
selection of alternate parameters and modes that
override the default front-panel settings.

SAVE REF MEMORY CONTROL—When the
WAVEFORM REFERENCE/MENU SELECT
switch is in the WAVEFORM REFERENCE
position (button in), the MEMORY switches
control the Save Reference Memory.

SAVE REF/- Switch—Pressing this button
just prior to pressing one of the DISPLAY
ONJOFF buttons writes the displayed
acquisition waveform into the selected Save



Reference memory. The written waveform
remains displayed on the crt. A control
change or a delay of five seconds between
pressing the SAVE REF button and
selecting a memory location cancels the
SAVE request.

In 4K acquisition mode, a choice may be
made to save the entire 4K acquisition or
the 1K display window. To save a 4K
acquisition, press SAVE REF, then press
DISPLAY ON/OFF 1 twice. The 4K record
fils MEMORY 1, 2, and 3. To save only the
1K displayed window, press SAVE REF,
then press DISPLAY ON/OFF 1, then
DISPLAY ON/OFF 2. The 1K display win-
dow may also be saved in MEMORY 2 or 3
by pressing SAVE REF, then the desired
DISPLAY ON/OFF button.

Menu ‘Select/DISPLAY ON/OFF
Switches—These buttons select one of
three memories that is either written to for
saving a 1K acquisition waveform (if SAVE
REF has been pressed) or toggles the refer-
ence memory display on or off (if the SAVE
button has not been pressed). The stored
waveforms of all three memories can be
displayed at the same time. Two channels
acquired in CHOP or ALT may be stored in
a SAVE REF memory.

MENU CONTROL—When the WAVEFORM
REFERENCE/MENU SELECT switch is in the
MENU SELECT position (button out), the
MEMORY switches control Menu Operation.
Waveforms are only displayed with menus
when a menu choice requires a waveform be
displayed in order to perform the selected
change. The Menu allows selection of alternate
parameters and modes that override the
default front-panel settings.

SAVE REF/~ Switch—When pressed, the
next (to the right) Menu level! is entered.

Menu Select/DISPLAY ON/OFF
Switches—These three buttons select
choices presented in the MENU. The « but-
ton recalls the previous (to the left, higher)
Menu level. The 1 button selects the previ-
ous entry in the current Menu level. The |
button selects the next entry in the current
Menu level.
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MENU SELECTED FUNCTIONS

This part describes the Menu selected functions that

provide selection of parameters, settings, and features not
controlled by the front-panel switches.

ACQ MODE SETUP TABLE

ACQ MODE SETUP TABLE controls the acquisition

mode setup using a table.

SELECT MODE—Displays the acquisition modes in a
table. The desired modes for each sweep speed may
be selected using the SEC/DIV switch to select the
column, the CURSORS Position control selects the
row, and the SELECT C1/C2 switch toggles the choice
for the tzble position that is enclosed in a box.

SWP LIMIT—Selects the number of acquisitions before
the acquisition system halts. SWP LIMIT may be reset
by changing any control that affects acquisition parame-
ters.

WEIGHT-—Selects the weight of the last sample in
AVERAGE mode.

A TRIG POS

A TRIG POS selects the number of points acquired

prior to or following the trigger.

DISPLAY

DISPLAY controls the selection of display parameters.

DELTA T MODE—Selects either DELTA TIME or ONE
OVER DELTA TIME for display in the readout.

VECTORS ON/OFF—Selects either DOTS or VEC-
TORS as the waveform display mode. Vectors are not
allowed in REPETITIVE mode.

SMOOTH ON/OFF—Selects the process with which the
vector displays are produced when in PEAKDET or
ACCPEAK.

With SMOOTH OFF, no reordering of the data points is
done, and vectors are drawn between all of the
minimum and maximum data points.

With SMOOTH ON, data points are reordered for
correct slope and interpolated for drawing a smooth
waveform. Smoothing looks at the change in value of
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reordered data points between adjacent sample inter-
vals. If the change in value does not exceed certain lim-
its, the values are interpreted as a continuous slope for
drawing either vectors or dots. If the value change
exceeds the interpreted ‘‘no-change” limit, the data
point value is not modified, and the vectors drawn in
the display show a discontinuity in the waveform. This
method of display of the waveform data provides a
smoothed display of the waveform, yet retains the
glitch-catching capabilities of PEAKDET or ACCPEAK
modes.

DEFAULT

Selects the default acquisition modes for all sweep
speeds (see Table 2-2 for the default modes).

FORMATTING

FORMATTING selects a SAVE REF memory for
formatting. The vertical gain, horizontal gain, and vertical
position of the selected reference waveform may be
changed. The acquisiion mode used to store the
waveform may also be displayed.

TARGET REFERENCE-—Selects one of the SAVE REF
memories for formatting.

VGAIN—Aliows adjustment of the vertical gain of
SAVE REF memories.

VPOSITION—Allows adjustment of the vertical position
of SAVE REF memories. -

HMAG—Turns X10 horizontal magnification of SAVE
REF memories on or off.

MODE—Displays the parameters used to acquire a
SAVE REF memory.

PLOT
PLOT controls the transmission of waveforms over the
X-Y Piotter output.

START—Initiates the transmission of a waveform over
the X-Y Plotter output.

GRATICULE ON/OFF—Enables or disables plotting of
the graticule.

SET UP—Allows calibration of analog plotter gain and
offset.

SPEED—Allows selection of plotter pen speed.

ADVANCED FUNCTIONS

REFERENCE—Allows a SAVE REF memory to be
Erased or Copied when one of the communication

options is installed.

ERASE—Selects and erases a nonvolatile SAVE
REF memory.

COPY—Selects and copies one nonvolatile SAVE
REF memory to another SAVE REF memory.

COMM—Allows the selection of parameters for optional
communications options, when they are present.

ACQ MODE SETUP TREE—Controls the acquisition
mode setup using a tree. This provides control of the
same functicns as the ACQ MOD SETUP TABLE. -

DEFAULT—Selects the default acquisition modes
for all sweep speeds (see Table 2-2 for the default

modes).

REPETITIVE—Selects the acquisition modes for
sweep speeds from 0.05 us to 2 us per division.

FAST RECORD—Selects the acquisition modes for
sweep speeds from 5 us to 10 us per division.

SLOW RECORD—Selects the acquisition modes for
sweep speeds from 20 us to 50 ms per division.

SLOW TRIGGERED—Selects the triggered acquisi-
tion modes for sweep speeds from 0.1 to 5s per
division or EXT CLOCK.

SLOW UNTRIGGERED—Selects the untriggered
acquisition modes for sweep speeds from 0.1 t0 §'s
per division or EXT CLOCK.

DIAGNOSTICS—Controls the selection of diagnostic
TESTS, EXERCISERS, and PICTURES.

Acquisition Modes

PEAK DETECT (PEAKDET) and SAMPLE—Select how
samples are processed on successive acquisitions. See
Table 2-2 for the default modes set by the SEC/DIV
switch.



In Peak Detect mode, the minimum and maximum lev-
els of the input signal within the time represented by
1/50 of a division unmagnified (1/25 of a division in
CHOP or ALT) are digitized and stored in acquisition
memory as a data pair. The displayed data points are
connected by vectors.

in Sample mode, the signal is sampled at a rate that
produces 100 samples per graticule division. In
RECORD sampling, the displayed sample points are
connected by either vectors or dots. For REPETITIVE
Storage mode, the sample points are displayed as dots.

ACCPEAK—Will cause displays to accumulate. The
largest maximum and smallest minimum sample
acquisitions are retained for each trigger-referenced
sample record over multiple acquisition cycles. When
ACCPEAK is used with hardware peak detection (50 us
per division to 0.1 s per division), updating of maximum
and minimum samples also occurs within each time-
base clock period. Changing any switch that affects the
acquisition parameters resets ACCPEAK displays.
ACCPEAK mode is valid for triggered acquisitions only
and is not operational in any mode that does not allow
triggers (see Table 2-2),

AVERAGE—Is used for muitiple record averaging.
Whenever AVERAGE is selected, SAMPLING is also
selected automatically. When on, a normalized algo-
rithm is used for continuous display of the signal at full
amplitude during the averaging process. Averaging is
the default for REPETITIVE Store mode only. The
amplitude resolution increases with the number of
weighted acquisitions included in the display. The
number of weighted acquisitions included in the AVER-
AGE display is Menu selectable. The default weight of
AVERAGE mode is 1/4. Other choices are Menu select-
able. The number of sweeps (SWP LIMIT) allowed to
occur before averaging stops is also Menu selectable.

REAR PANEL

Refer to Figure 2-9 for location of items 43 through 45,

EXT Z-AXIS Input Connector—Provides an input
connector allowing external signals to be applied to
the Z-Axis circuit to intensity modulate the NON
STORE waveform display. Applied signals do not
affect the display waveshape. External signals with
fast rise and fall times provide the best defined
intensity modulation. Noticeable intensity modulation
is produced at normal viewing intensity levels by a
5V p-p signal. The Z-Axis signals must be time-
related to the trigger signal to obtain a stable
intensity-modulation pattern on the displayed
waveform,
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CAUTION { CAUTION

FOR CONTINUED FiRE PROTECTION - T AVOID ELECTRIC

REPLACE DNLY WITH SPECIFIED - SHOCK, THE POWER

TYPE &ND RATED FUSE. DISCONNECT > CORD PROTECTIVE

POWER INPUT BEFORE REPLACING FUSE GROUNDING CONDUCTOR
EXT 2 AXIS INPUT

. MUST BE CONNECTED
LINE VOLTAGE RANGE| FUSE 250V
30-250V AC 24 SLOW
10K92. POSITIVE GOING

T0 GROUND.
= INPUT DECREASES
B0 NOT REMOVE - i INTENSITY.
COVER. REFER T 5 VOLT F-P CAUSES
SERVICING TD . NOTICEABLE MODULA-
BUALIFIED PERSONNEL. TION AT NORMAL

INTENSITY,

Z30V PEAK

PCWER -
MAX WATTS 85 ©
MAX VA 150
FREQUENCY

48-440 My

: TEKTRONIX, INC., BEAVERTON /OREGON, u.é.kj

4998-08

Figure 2-9. Rear Panel.

Fuse Holder—Contains the ac-power-source fuse.

See the rear panel nomenclature for fuse rating and
line voltage range.

Detachable Power Cord Receptacle—Provides the
connection point for the ac-power source to the
instrument.

SIDE PANEL

The standard side panel includes one AUXILIARY CON.-

NECTOR. Refer to Figure 2-10 for the location of item 46.

(46) AUXILIARY CONNECTOR—Provides connections

for an X-Y Plotter and an External Clock input (see
Table 2-4).

NOTE

To meet EMI regulations and specifications, use
the specified shielded cable and metal connector
housing with the housing grounded fto the cable
shield for connections to the AUXILIARY CON.
NECTOR.
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RELAY N.0. RELAY COMM
+42 VDCi l [SIG GND,

N - Y,

AUXILIARY CONNECTOR

CAUTION
<$25Vpk AND<100mA ABS, MAX
APPLIED TO ANY CONNECTOR

4998-10
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Figure 2-10. Side Panel.

X-Y Plotter Connections—Provide connections
for X-Axis output, Y-Axis output, and Pen Lift
control to drive an external X-Y Piotter. All
displayed waveforms and the crt readout are
transmitted over the Piotter Interface. The settling
time allowed for each movement is approximately
proportional to the distance of the movement.
Connections for Signal Ground and Shield Ground
are also provided for grounding between the
instrument and the external X-Y Plotter.
Waveforms and the Readout are plotted on the
crt while a plot is in progress.

To be fully compatible, the X-Y Plotter used must
have X and Y inputs with sensitivity control and
penlift control.

Signals available at the AUXILIARY CONNEC-
TOR allow the Pen Lift circuit to be wired for a
plotter with either active Hl or active LO drive
requirements and several logic families. Examples
for both an active Hl and an active LO TTL drive
are shown in Figure 2-11.

EXT CLK Input—Provides an input for EXT
CLOCK signals (up to 1000 samples per second)
to the storage acquisition circuitry in conjunction
with the EXT CLK position of the A SEC/DIV
switch. Samples are referenced by falling edges.
Input is TTL compatible. Samples become visible
by pairs, as SCAN or ROLL. Several clocks are
required before the point associated with the first
clock is visible.

Table 2-4

Auxiliary Connector

Pin Number Function

EXT CLK Input

Pen Lift, Normally Closed
X Output

SHIELD GND

Y Output

+42V

Pen Lift, Normally Open
Pen Lift, Relay Common
SIG GND

W O N OGO B WN ~

CRT READOUT

The Readout System provides an alphanumeric display
of information on the crt along with the waveform displays.
The readout (non MENU) is displayed in three rows of
characters. Two rows are within the top graticule division,
and the other row is within the bottom graticule division.
The locations and types of information displayed under
normal operating modes are illustrated in Figure 2-12.

NON STORE Mode

iIn NON STORE mode the current settings of the
VOLTS/DIV and SEC/DIV switches are displayed.
Greater-than symbols (>) are used to indicate uncalibrated
VOLTS/DIV and SEC/DIV switch settings. A down-arrow
symbol (1) is used in front of the CH 2 VOLTS/DIV readout
to indicate CH 2 INVERT. For Horizontal Display Mode of
BOTH and B only, the DELAY TIME POSITION readout is
also displayed. The AC-GND-DC input coupling selection is
indicated in the associated VOLTS/DIV readout with a tilde
symbol (~) above the volts symbol for AC, a ground sym-
bol (rh) for GND, and no extra symbol for DC input cou-

pling.
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Figure 2-11. X-Y Plotter interfacing.
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STORE Mode

In STORE mode, many of the crt readout displays are
associated with the parameters of stored waveforms.

PARAMETER READOUT. Displays the VOLTS/DIV,
SEC/DIV and B DELAY TIME settings of the displayed
waveforms on which the cursors are placed. The AC-
GND-DC input coupling selection is indicated in the associ-
ated VOLTS/DIV readout with a tilde symbol {~) above the
volts symbol for AC, a ground symbol (rh) for GND, and
no extra symbol for DC input coupling. If the VOLTS/DIV
switch is switched beyond the available expansion or
compression range, the readout is tilted, indicating that the
VOLTS/DIV switch setting and the VOLTS/DIV readout no

longer agree. In 4K COMPRESS, a c is displayed in front
of the SEC/DIV readout.

CURSOR READOUT. Displays the voltage difference
(either AV 1 or AV 2) and the time difference between cur-

sors. When either BOTH or B HORIZONTAL mode is
selected, the DELAY TIME POSITION is displayed.
Independent fields for CH1 VOLTS/DIV, CH2

VOLTS/DIV, A SEC/DIV, and B SEC/DIV are provided.
When making ground referenced voltage measurements
(ground dot displayed and cursor on ground dot) the A
symbol is replaced by a ground symbol ().

When the acquisition record length is longer than one
screen, a bar graph is used to indicate the position of the
display window within the acquisition record.

DELAY TIME
DELTA TIME
CH 1 DELTA VOLTS l OR
1iC 3 1] (11 1+ 1/DELTA TIME
CH 2 DELTA VOLTS l = .
I L1 S == savE INDICATOR
T g ey Lﬂd\, OR
DN ATOR 2 A i ACQUISITION LIMIT
L CURSOR ACTIVE SAVE REF INDICATOR
| CURSOR STATUS
7 I i
- TRIGGER DISPLAY
44sles POSITION —tii WINDOW _iiti .t
i | INDICATOR
I T
i
Dl". e rEEE DT e e . “ e ...
O =1 CE_ 3= 1]
CH 1 CH 2 STORAGE ASEC/DIV B SEC/DIV
VOLTS/DIV  VOLTS/DIV MODE
4998.12

Figure 2-12. Crt readout display.
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OPERATING CONSIDERATIONS

This part contains basic operating information and tech-
niques that should be considered before attempting to
make any measurements with the instrument.

GRATICULE

The graticule is internally marked on the faceplate of
the crt to eliminate parallax-viewing errors and to enable
measurements (see Figure 2-13). The graticule is marked
with eight vertical and ten horizontal major divisions. In
addition, each major division.is divided into five subdivi-
sions. The vertical deflection factors and horizontal timing
are calibrated to the graticule so that accurate measure-
ments 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.

1ST OR LEFT 11TH OR RIGHT
VERTICAL VERTICAL
GRATICULE GRATICULE
LINE LIN7
- [l .
~ HEREE
3 i
: NN
X ; ! ‘
bs
: |
RISE AND I CENTER
FALL TIME HORIZONTAL
MEASUREMENT CENTER GRATICULE
VERTICAL
PERCENTAGE LINE
MARKERS GRATICULE
LINE
4207-09

Figure 2-13, Graticule measurement markings.

GROUNDING

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

SIGNAL CONNECTIONS

Probes

Generally, the accessory probes supplied with the
instrument provide the most convenient means of connect-
ing a signal to the vertical inputs of the instrument. The
probe and probe lead are shielded to prevent pickup of
electromagnetic interference, and the 10X attenuation fac-
tor of the probe offers a high input impedance that mini-
mizes 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 sur-
face can cause damage to both the probe body and the
probe tip. 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-
quencies 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
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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 supplied with the probe.

Coaxial Cables -

Cables may also be used to connect signals to the ver-
tical input connectors, but the‘y may have considerable
effect on the accuracy of a displayed waveform. To main-
tain the original frequency characteristics of an applied sig-
nal, only high-quality, low-loss coaxial cables should be
used. Coaxial cables should be terminated at both ends in
their characteristic 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 fevel of the signal applied to the input connector.
Thus, any large voltage transients that may accidentally be
generated are not applied to the vertical amplifier's 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 level that
is drawn from the external circuitry while the input-
coupling 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 previ-
ously 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 (input coupling) switch to GND
before connecting the probe tip to a signal source.

2. Touch the probe tip to the oscilloscope GND con-
nector.

3. Wait several seconds for the input-coupling capaci-
tor to discharge.

4. Connect the probe tip to the signal source.

5. Wait several seconds for the input-coupling capaci-
tor 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 now be vertically positioned within
the graticule area, and the ac component of the signal can
be measured in the normal manner.



OPERATOR’S CHECKS AND
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ADJUSTMENTS

To verify the operation and basic accuracy of your
instrument before making measurements, perform the fol-
lowing checks and adjustment procedures. If adjustments
are required beyond the scope of these operator's checks
and adjustments, refer the instrument to qualified service
personnel.

.

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

INITIAL SETUP

1. Verify that the POWER switch is OFF (switch is in
the out position), then plug the power cord into the ac
power outlet.

2. Press in the POWER switch (ON) and set the instru-
ment controls to obtain a baseline trace:

Display
A and B INTENSITY Midrange
STORAGE/READOUT
INTENSITY Midrange
(with READOUT on)
FOCus Best defined display

Vertical (Both Channels)

VERTICAL MODE CH 1
POSITION Midrange
VOLTS/DIV 50 mv
AC-GND-DC DC

Var Volts/Div CAL (in detent)

BW LIMIT Off (button out)

STORE/NON STORE

Horizontal
HORIZONTAL MODE A
A SEC/DIV 0.5 ms
Var Sec/Div CAL (in detent)
POSITION Midrange
X10 Mag Off (Var Sec/Div knob in)
B DELAY TIME
POSITION Fully counterclockwise
Triggers
VAR HOLDOFF NORM (fully
counterclockwise)
A&B INT VERT MODE
A SOURCE INT
A Mode P-P AUTO
A LEVEL For a stable display
(with signal applied)
A SLOPE OUT (plus—button out)
B LEVEL B RUNS AFTER DELAY
(fully clockwise)
B SLOPE OUT (plus—button out)
HF REJECT OFF (fully counterclockwise)
Storage

NON STORE (button out)

SAVE/CONTINUE CONTINUE (button out)
PRETRIG/POST TRIG  POST TRIG (button out)
ROLL/SCAN SCAN (button out)
1K/4K 4K (button out)

POSITION CURS/

SELECT WAVEFORM
WAVEFORM REFER-
ENCE/MENU SELECT

POSITION CURS (button in)

WAVEFORM REFERENCE
(button in)

3. Adjust the INTENSITY and FOCUS controls for the

desired display brightness and best focused trace.

4. Adjust the Vertical and Horizontal POSITION con-

trols to position the trace within the graticule area.

5. Allow the instrument to warm up for 20 minutes

before commencing the adjustment procedures. Reduce
the INTENSITY levels during the waiting time.
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TRACE ROTATION ADJUSTMENT

NOTE

Normally, the trace will be parallel to the center hor-
izontal graticule line, and TRACE ROTATION adjust-
ment is not required.

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.

3. If the baseline trace is not parallel to the center hor-
izontal graticule line, use a small-bladed screwdriver or
alignment tool to adjust the TRACE ROTATION control to
align the trace with the graticule line.

PROBE COMPENSATION

Misadjustment of probe compensation is a source of
measurement error. The attenuator probes are equipped
with a compensation adjustment. To ensure optimum
measurement accuracy, always check probe compensation
before making measurements. Probe compensation is
accomplished by:

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

2. Connect the two 10X probes (supplied with the
instrument) to the CH 1 OR X and CH 2 OR Y input con-
nectors. Observe that the CH1 VOLTS/DIV readout
changes from 5mV 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 each probe.

NOTE

While the probe tip is in the PRB ADJ connector,
use care not to to break off the probe tip.

4. Insert the Channel 1 probe tip into the PRB ADJ
connector.

S. Use the CH 1 POSITION control to vertically center
the display. If necessary, adjust the A TRIGGER LEVEL
control to obtain a stable display on the plus (OUT)
SLOPE.
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6. Check the waveform display for overshoot and
rounding (see Figure 2-14); if necessary, use a small-
bladed screwdriver to adjust the probe compensation for a
square front ccrner on the waveform.

7. Remove the Channel 1 probe tip from the PRB ADJ
connector.

8. Insert the Channel 2 probe tip into the PRB ADJ
connector.

9. Set the VERTICAL MODE to CH 2.
10. Set the A TRIGGER A&B INT switch to CH 2.

11. Use the CH 2 POSITION control to vertically center
the display. ’

12. Check the waveform display for overshoot and
rounding (see Figure 2-14); if necessary, use a small-
bladed screwdriver to adjust the probe compensation 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 ccmpensation.
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(OVER-
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(465/0M-0-5) 2906-13

Figure 2-14. Probe compensation.



HORIZONTAL ACCURACY CHECK

A check of the horizontal timing can be made using the
time measurement capability of the CURSOR measure-
ment mode:

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

2. Set:

CH 1 AC-GND-DC GND
STORE/NON STORE STORE (button in)
A SEC/DIV 1ms

PRETRIG/POST TRIG
POSITION CURS/
SELECT WAVEFORM

POST TRIG (button out)

POSITION CURS (button in)

3. Turn the Horizontal POSITION control to align the
start of the trace to the first vertical graticule line.

4. Turn the Vertical POSITION control to align the
baseline trace with the center horizontal graticule line.

5. Position the active cursor to the second vertical
graticule line using the CURSORS Position control.

6. Push the SELECT C1/C2 switch to activate the
other cursor.

7. Position the active cursor to the tenth vertical grati-
cule line using the CURSORS Position control for a spac-
ing of eight divisions between cursors.

8. Check that the Delta Time readout is = 7.84 ms
and < 8.16 ms.

9. Verify that the CH 1 probe tip is in the PRB ADJ
connector.

10. Set the CH 1 AC-GND-DC switch to DC.
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11. Adjust the SEC/DIV switch setting for a display of
at least one full period of the probe adjust signal (0.1 or
0.2 ms per division).

12. Use the Vertical and Horizontal POSITION controls
to center the display.

13. Use the CURSORS Position control and the CUR-
SORS SELECT C1/C2 button to align the cursors with the
rising edges of the PRB ADJ signal (measurement is of the
probe adjust signal period). Note the cursor time difference
readout and the graticule measurement (horizontal dis-
tance between rising edges as taken from the graticule
markings) of the signal for later reference.

14. Check that the cursor readout of the probe adjust
signal period and the graticule measurement of the calibra-
tor period are within =2%.

15. Set the STORE/NON STORE switch to the NON
STORE position (button out).

16. Determine the horizontal graticule measurement of
the probe adjust signal period. Note the reading for later
reference.

17. Check that the NON STORE Mode probe adjust
signal period measurement obtained from the graticule
markings is within *3% of the STORE Mode probe adjust
signal period obtained in step 13.

18. Set the X10 MAG switch to on (pull Var Sec/Div
knob out) and set the A SEC/DIV switch setting to obtain
a display of at least one full period of the probe adjust sig-
nal (0.1 or 0.2 ms per division).

19. Check that the magnified NON STORE Mode probe
adjust sugnal period measurement obtained from the grati-
cule markings is within +4% of the STORE Mode probe
adjust signal period obtained in step 13.
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THEORY OF OPERATION

SECTION ORGANIZATION

This section contains a functional description of the

2230 Digital Storage Oscilloscope. The discussion begins

with a summary of instrument functions. Following the
general description, each major circuit is explained in
detail. Functional block diagrams and schematic diagrams
are used to show the interconnections between parts of
the circuitry, to indicate circuit components, and to identify
interrelationships with the front-pane! controls.

Schematic diagrams and*the overail block diagrams are
located in the tabbed *‘Diagrams” section at the back of
this manual. The schematic diagram associated with each
description is identified in the text and indicated on the tab
of the appropriate foldout page by a numbered diamond
symbol. For best understanding of the circuit being
described, refer to both the appropriate schematic diagram
and the functional block diagram.

INTEGRATED CIRCUIT
DESCRIPTIONS

Digital Logic Conventions

Digital logic circuits perform many functions within the
instrument. Functions and operation of the logic circuits
are represented by logic symbology and terminology. Most
logic functions are described using the positive-logic con-
vention. Positive logic is a system where the more positive
of two levels is the TRUE (or 1) state; the more negative
level is the FALSE (or 0) state. In this logic description, the
TRUE state is HI, and the FALSE state is LO. The specific
voltages which constitute a HI or a LO state vary between
specific devices. For specific device characteristics, refer
to the manufacturer's data book.

Linear Devices

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

GENERAL DESCRIPTION

Introduction

In the following overall functional description of the
instrument, refer to the basic block diagram, Figure 3-1,
and to the detailed block diagrams located in the
“Diagrams’’ section of this manual. Each major block in
the diagram represents a major circuit within the instru-
ment. In Figure 3-1, the numbered diamond symbol in each
block indicates the schematic diagram number. Much of
the analog portion of the oscilloscope operates without
direction from the Microprocessor circuitry. These portions
of the instrument are described first, with appropriate
references 1o areas that either provide information to the
Microprocessor or are controlled by the instrument's
storage circuitry. The Microprocessor and Storage circuit
descriptions follow the more conventional portions of the
instrument’s circuitry.

Vertical

Signals to be displayed on the crt (cathode-ray tube)
are applied to either or both the CH 1 OR X and the CH 2
OR Y input connectors. The signals may be coupled to the
attenuator either directly (DC) or through an input-coupling
capacitor (AC). The inputs may also be disconnected, and
the input to the attenuators grounded, by switching to the
GND position of the input coupling switch. in the GND
position, the ac-coupling capacitor is allowed to precharge
to the dc level present at the input connector. This
precharging prevents large trace shifts of the display when
switching from GND to AC coupling. The Attenuators are
switched by the front-panel VOLTS/DIV switches and
scale the applied signal ievel to obtain the desired display
amplitude. Information about the Input Coupling switch
and the channel VOLTS/DIV switch positions is read by
the Microprocessor. These signals control the STORE
mode ground-reference acquisition and the crt readout
displays of the Input Coupling and VOLTS/DIV switch set-
tings of the active channel(s).

Scaled output signals from the Attenuators are applied
to the Vertical Preampiifiers for amplification. The Chan-
nel 2 Preamplifier has additional circuitry, permitting the
operator to invert the Channel 2 display on the cathode-
ray tube (crt). Trigger pickoffs in each channel supply a
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Figure 3-1. Simplified biock diagram.




trigger signal to the Trigger Amplifier when internal trigger-
ing is selected. Other signal pickoffs provide vertical
position information to the Position Signal Conditioning cir-
cuitry for vertically positioning the stored signal. The final
stage of the Vertical Preamplifier for each channel pro-
vides one of two signals; either the vertical channel signal
for the analog presentation on the crt or the vertical
acquisition signal to be digitized by the storage circuitry.

Channel signals either for direct analog presentation on
the crt or for application to the Storage digitizing circuitry
are selected by the analog Channel Switch under control
of the front-panel VERTICAL MODE switches. The switch-
ing signals from the Channel Switch Logic control a diode
gate (Channel Switch) that selects the channel signal(s) to
be applied to the Delay-line Driver. If ADD is selected, both
channel signals are applied to the Delay-line Driver where
the signals are summed together. The Delay-Line Driver
provides the proper signal-driving level and impedance
match to the Delay Line, where the vertical signal is
delayed approximately 100 ns with respect to the trigger
signal. The vertical signal delay allows time for the Hor-
izontal circuitry to start the sweep before the vertical sig-
nal is applied to the crt.

Whenever STORE mode is selected, analog signals
from the Storage circuitry are supplied to the Channel
Switch circuit. Under control of the Channel Switch Logic,
which is in turn switched by signals from the Display Con-
troller, the analog display signal out of the final Vertical
Preampiifier stage in each channel is biased off. The Chan-
nel 1 and Channel 2 Acquisition signals from the final
preamplifiers are then biased on to pass the signals to be
digitized to the Storage circuitry. At the same time, the
Channel Switch (diode gafe) is switched to pass the
Storage vertical signal to the Delay Line Driver input.

Final amplification of the vertical signal (either STORE
or NON STORE) is done by the Vertical Output Ampilifier.
This stage produces the signal levels that vertically deflect
the crt electron beam. This amplifier stage also contains
the vertical trace separation circuitry that separates the
Nonstore A Intensified trace from the B Delayed trace
when Alt Horizontal display mode is selected. The amount
of trace separation is controlled using the front panel
TRACE SEP knob. Another circuit feature in the Vertical
Output Amplifier is the nonstore bandwidth limit (BW
LIMIT) circuitry that follows the Delay Line. Either the full
100 MHz bandwidth or the limited 20 MHz bandwidth for
the nonstore signal display may be selected. STORE mode
signals are picked off in the Preamplifier and are not
bandwidth limited by the BW LIMIT switch.

Triggering

The Triggering circuitry uses either the Internal Trigger
signal obtained from the input signal(s), an External
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Trigger signal, or a Line Trigger signal derived from the
ac-power-source to develop trigger signals for the Sweep
Generator. The Auto Trigger circuit sets the range of the
Trigger Level to conform approximately to the peak-to-
peak amplitude of the selected trigger signal when either
Auto or TV Field Trigger mode is selected. In Norm mode,
the TRIGGER LEVEL control must be adjusted to the sig-
nal level before a sweep will be triggered. ROLL Storage
(selectable at the slower sweep speeds in STORE mode)
overrides the triggering circuit functions; a continuous sig-
nal acquisition is made and the signal displayed without
the need of a trigger signal.

The triggering circuitry contains the TV Field Sync cir-
cuit. This circuit provides stable triggering on television
vertical-sync pulses when in the TV Field triggering mode.
TV Line triggering is possible using P-P AUTO trigger
mode.

Signal pickoffs from the Internal Trigger circuitry pro-
vide the X-Axis signal for the nonstore X-Y display mode
and the B trigger signal for triggered B Sweeps:

A Sweep

The A Sweep Generator and Logic circuits controf the
nonstore sweep generation and both the Store and the
nonstore A Sweep timing. When the A TRIGGER mode
switches are set to either P-P AUTO or TV FIELD and no
trigger signal is present, the Auto Baseline circuit causes
the Sweep Logic circuit to produce a sweep for reference
purposes. In the NORM setting, the Auto Baseline circuit
is disabled and nonstore sweeps are not generated until a
trigger event occurs. NORM trigger mode is used to obtain
stable triggering on low-repetition rate signals that do not
provide a trigger before an auto baseline is generated.
SGL SWP (single sweep) trigger mode allows only one
sweep to be generated after being reset and is used to
obtain the waveform from a one-shot event.

ROLL and SCAN Storage modes are useful in captur-
ing low-frequency and low-repetition rate waveforms. In
SCAN mode, receiving a trigger causes the pretrigger por-
tion of the waveform to update as a block. The post-
trigger waveform updates from the trigger point to the
right edge of the screen as new data is acquired. ROLL
Storage acquisitions differ from the Nonstore sweeps and
SCAN Storage mode in that a trigger signal is not used for
acquisition of the signal or displaying the waveform. The A
Sweep Logic circuitry provides gating and holdoff signals
used by the Storage circuitry to control its acquisition and
display cycles for all storage modes, except ROLL.

The A Gate signal applied to the A Miller Sweep Gen-
erator circuit starts the Nonstore linear sweep with a ramp
time that is controlled by the A SEC/DIV switch setting.

3-3
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Switch position pickoffs supply the SEC/DIV switch setting
information to the Microprocessor for use in STORE mode
horizontal timing. The A SEC/DIV switch setting is also
displayed on the crt for both Store and Nonstore
operation.

B Sweep

The Alternate B Sweep Circuitry controls the Nonstore
BOTH and B Delayed Horizontal mode displays. This cir-
cuitry includes the B Miller Sweep Generator and B Sweep
Logic circuitry. STORE mode B timing is controlied by the
B SEC/DIV switch. BOTH Horizontal mode is not available
with STORE. In STORE mode, the BOTH selection
displays an A Intensified Trace only. The intensified zone
on the A trace indicates the position and approximate
amount of the A trace that is displayed by the B Delayed
Display.

Horizontal

Nonstore A and B Sweep signals (or the X-Axis signal
from the X-Y Amplifier in the nonstore X-Y Display mode)
are applied to the Horizontal Preamplifier where one is
selected and amplified. Gain in the Preamplifier is switch-
able between X1 and X10. The X10 gain is used for Non-
store X10 Magnification. STORE mode X10 expansion is
done digitally and reflected in the horizontal deflection sig-
nals supplied after the Horizontal Preamplifier. Horizontal
positioning of both the Store and the nonstore display is
done by applying a horizontat position de offset to the Hor-
izontal Preamplifier. The amplified nonstore horizontal sig-
nal is applied to the Horizontal Mux circuit where it is

~ available for selection.

STORE mode horizontal deflection signals are also
applied to the Horizontal Mux. Selection of zither the non-
store sweep signals or the store deflection signals is done
by control signals from the Channel Switch Logic in the
Vertical circuitry. The selected horizontal deflection signals
are then amplified by the Horizontal Output Amplifier to
the levels needed to drive the crt's horizontal defiection
plates.

Microprocessor

The Microprocessor (MPU) controls the digital storage
and display sections of the oscilloscope. Under firmware
control (firmware is the programmed instructions contained
in read-only memory), the Microprocessor monitors the
operation of the instrument and sets up the circuitry to
perform as dictated by the front-panel control settings.
Data transfer to and from the Microprocessor and address
selection of a device to be communicated with are done
over a 20-line 1/O bus. The lower eight lines (ADO through
AD7) form a combined address/data bus while the remain-
ing 12 lines (A8 through A19) are for addressing only. Tim-
ing for the execution of instructions, addressing, and data
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transfers is provided by an external, crystal-controlied
oscillator that drives the Microprocessor clock generator.
The Microprocessor clock circuit further divides the input
clock frequency to generate two lower clock frequencies.
The clock circuit also generates the Ready and Reset con-
trol signals to the Microprocessor.

Storage front-panel control settings are passed to the
Microprocessor via eight-bit bus drivers. Settings of the
analog front-panel controls and switches are also provided
to the MPU, but via different bus drivers. The Status ADC
and Bus Interface circuitry provides the interfaces from the
analog front-panel controls to the data bus.

Status ADC and Bus Interface

Switch settings and status bits are applied directly to
bus drivers. Each data bit then corresponds to a switch
setting (either cpen or closed) or a status bit logic level
(either H! or LO). Analog front-panel information is multi-
plexed to an analog-to-digital converter where it is con-
verted to a digital value and applied to @ bus driver. When
the Microprocessor reads the bus, it obtains a data byte
that represents the position value for a single control
rather than the switch or status data bits of the digital-
type information. The Microprocessor determines the con-
trol settings from the value of the data bytes or status bits
received and sets up the digital storage circuits
accordingly.

Storage Acquisition

Input signals to be digitized are selected by the Channel
Switch. Either or both (for ADD) of the input signals picked
off from the Vertical Preamplifier may be selected. The
differential output signal from the Channel Switch is con-
verted to a single-ended signal for application to the
Sample-and-Hold amplifier. The input diode bridge in the
Sample-and-Hold circuit is strobed to pass a sample of the
signal to charge the hold capacitor. While the signal sam-
ple is held for conversion, the diode bridge is reverse
biased, and the charge on the Hold capacitor remains at a
fixed level. The sample buffer amplifier applies the voltage
leve! on the Hold capacitor to the Analog-to-Digital Con-
verter stage for conversion to an eight-bit digital signal.
The output signals are then shifted from the emitter-
coupled logic (ECL) level obtained from the ADC to the
transistor-transistor-logic level (TTL) and passed to the
digitized signal bus for transfer to the Acquisition Memory.

Digital Acquisition

Digitized waveforms are transferred from the ECL-to-
TTL level shifiers via the digitized data bus to the A/D
Buffer of the Acquisition Memory circuit. The buffered data
is applied to two identical registers; the Min Register and
the Max Register. Data is alternately clocked into the
registers by the MINCLK and MAXCLK clock signals. The



actual clocking that occurs depends on the sampling mode
(Min/Max, Sampling, or X-Y). The same waveform data is
also applied to opposite comparator inputs of two eight-bit
magnitude comparators. Output data from the Min and
Max Registers is applied to the other comparator's input
pins, with the Min Register data going to the Min Com-
parator and the Max Register data going to the Max
Comparator.

In Min/Max mode, the first data byte taken in a sample
window (set by the SEC/DIV switch setting) is clocked into
both registers. That data byte is then compared with the
next data sampie or samples (determined by the sample
window) being applied to the inputs of the Min and Max
Registers. If the data byte is either smaller in magnitude
than the last clocked minimum or greater in magnitude
than the last clocked maximum, a NEWMIN or a
NEWMAX signal is generated. The signal is routed through
the Min/Max Clock Selector back to the clock input of the
Min or Max Register (Min if it is a new minimum amplitude
or Max if it is a new Maximum amplitude) and the new sig-
nal is clocked into the register. At the end of a Min/Max
sample window, the data present at the output of the Min
and Max Registers is clocked into the Swap Registers to
be transferred to the Acquisition Memory.

When record sampling mode is selected, each
waveform sample is successively clocked into the Min and
Max Registers on alternate ODDCLK and ODDCLK sig-
nals. When X-Y mode is selected, the Channel 1 and
Channel 2 waveforms are sampled in a chopped manner,
with samples of the two channel sigrals being taken with
less time between the samples than in normal record sam-
pling mode. Channel 1 data is clocked into the Min Regis-
ter, and Channel 2 data is clocked into the Max Register.

Four eight-bit Swap Registers are used to reorder the
Max and Min data obtained from each sample window.
The Max Register data is clocked into two of the registers
in parallel, and the Min Register data is clocked into the
other two registers in parallel. The Min and Max data out-
put from one of the Swap Registers in each set of two is
applied to two busses going to the Acquisition Memory. If
the Max and Min data is to be reversed to maintain the
correct time order of the samples before being stored, the
alternate swap register in each set of two is enabled, and
the Max and Min data is applied to the opposite busses to
memory.

Acquisition mode is controlled in part by the Micropro-
cessor via data latched into the Acquisition Mode Register
(see also, “Time Base Mode Register” in this section).
These data bits select the channel or channels to be
acquired, enable the XY mode, enable MIN/MAX acquisi-
tion, control the Swap function for reordering data, and
select the Test function for diagnostics. Acquisition clock
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signals generated by the Acquisition Clock Decoder
transfer the data from stage to stage in the digital acquisi-
tion circuitry in a pipe-line fashion.

A Diagnostics Code Generator is included as a trouble-
shooting aid. When in the Test mode, the A/D Buffer is
disabled, and the Code Generator places its counter-
output bytes on the input bus to the Max and Min
Registers.

Acquisition Memory

The Acquisition Memory is composed of two, 2-K by 8-
bit random-access memory devices. One memory stores
the Odd data bytes and the other stores the Even data
bytes. The Odd and Even data can be swapped between
the Swap Registers and the Acquisition Memory.

A programmable address counter is loaded with the
number that is the amount of pretrigger data bytes needed
to fill the pretrigger portion of the waveform acquisition.
The PREFULL signal is sent to the Trigger Mux circuitry
when the pretrigger count is full. That signal enables the
Trigger Mux circuitry to accept a trigger signal. The
remaining output bits from the Address Counter select the
storage iocation for waveform data storage in the Acquisi-
tion Memory.

When waveform data is to be read out of the Acquisi-
tion Memory, the Address Counter is loaded with the
address cf the data for the waveform. The Microprocessor
sequences through the addresses reading out the data
bytes. Data transceivers allow data to be read from the
memory to the bus or written from the bus to the memory.

Memory Address Registers place the address count on
the bus along with bits that indicate the trigger status
(TRIGD), the B trigger status (BTRIGD), the end-of-record
status (ENDREC), and the byte-interrupt status
(BYTEINT). These accompanying bits are used in estab-
lishing display attributes.

Memory writes, memory reads, and address counter
load enabling and clocking are controlled by a quad, two-
line-to-one-line muitiplexer (Memory Control). Read and
write signals from the Microprocessor control bus and
write clocks are used to transfer the waveform data
between the devices.

Digital Time Base

An accurate frequency source for synchronizing the
Microprocessor with the other digital devices on the bus is
provided by a 40 MHz oscillator. That frequency is divided
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down by the Clock Generator to produce the various
clocking rates. The Time Base Mode Register latches con-
trol data bits from the Microprocessor data bus to set the
operating mode of the time base. These control bits switch
the Trigger Mux circuit to either A or B Trigger, enable the
trigger fogic circuit, switch the clock multiplexer to change
the clocking rate, start a storage acquisition, and enable
interrupts to the Microprocessor. The programmable Time
Base Divider, under control of the Microprocessor via the
Time Base Divider Register, generates a sampling rate
that corresponds to the front-panel SEC/DIV switch
setting.

A Clock multiplexer at the end of the Time Base Divider
chain selects the output of the Time Base Divider, the
WRITECLK, the CONV clock, or an external clock signal
to generate the SAVECLK signal.

The Digital Time Base Trigger Logic circuit looks at
whether the pretrigger data portion of the record has been
filled. If the pretrigger portion is full, then the A or B Gate
generates the trigger. When a trigger is generated in
Repetitive Storage mode, the Clock Delay Timer measures
the time delay between the arrival of the trigger and the
convert clock. The time difference value is used by the
Microprocessor to accurately position the acquired data
with respect to the actual trigger point.

The delay difference between the start of the acquisi-
tion and the occurrence of the B trigger is also measured.
This value is only used in BOTH HORIZONTAL MODE
when running the B Horizontal display in Triggerable After
Delay to provide a readout of the time delay between the
A Trigger and the B Trigger points.

Acquisitions are counted to determine when a full
record of data has been stored (ENDREC) and to keep
track of the beginning and ending memory locations of the
record. The Record Counter is also programmable to pro-
vide for the different record lengths for cne-channel or
two-channel acquisitions, different Pretrigger selections,
and either 4K-byte or 1K-byte record length.

Digital Display

A custom IC handles the digital display generation. The
Display Controller functions as an interface between the
processor bus, display memory (RAM), and vector genera-
tors to form waveform and character displays on the crt.
The controller reads a display list from the Display
Memory and drives X- and Y-Vector Generetors to create
the waveform and readout displays. Z-Axis control signals
are also generated to drive the crt Z-Axis Ampilifier for
Stored waveform and Readout intensity control. Control
signals to the Microprocessor and Display Memory are
generated in response to a processor read/write request.
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Digital-to-analog converters take the digital data bytes
supplied from the Display Memory via the Display Con-
troller and change them to the X- and Y-Axis analog
signals that drive the Horizontal and Vertical Vector Gen-
erators. The vector signals are applied to the Horizontal
and Vertical OQutput Amplifiers to produce the STORE
mode defiection signals and NON STORE mode character
readout.

The Display Memory is six 16-K X 4-bit dynamic ran-
dom access memories (RAM). Four of the RAMs provide
the 8-bit data bytes of the stored waveform, and the
remaining RAMs store each data-byte's intensity and
Status attributes. A 4-bit word in each RAM is selected by
latching a row address followed by a column address.
Data is either stored or read out (as the operation in pro-
gress requires).

Vector Generator

X- and Y-Axis analog signals from the Digital Display
are converted by the Vector Generators into the vector
signals used to drive the crt deflection plates. Vector
signals are produced for the stored waveforms, the menu
displays, and the readouts. The Vector Generator is
switched to the dot-display mode for equivalent-time sam-
pling waveforms and X-Y displays.

The X-Y Plotter driver circuit is included in this portion
of the circuitry. When the X-Y Plotter is enabled, x-axis
and y-axis signals are switched via the plot multiplexer to
the x-axis and y-axis piot amplifiers. The VECT SMPL sig-
nal is swilched via the same multiplexer to drive the Pen-
Down amplifier. ’

Z-Axis

The Z-Axis Amplifier has input signals from multiple
sources that control the crt intensity on a time-shared
basis. Nonstore intensity signals are the level inputs from
the A and B INTENSITY controls that are controlied by the
Alternate Display switching and B Z-Axis Logic circuits.
Additional Z-Axis drive current is supplied during the
intensified porticn of an A trace during the B Sweep when
BOTH Horizontal display mode is selected. The remaining
nonstore signals that have control of the display bright-
ness are the EXT Z-AXIS INPUT signal, the CHOP mode
blanking signal, and the XY control signal. All of these
sources are added to provide the time-shared nonstore
displays.

For the Store waveform and the Menu and Readout
character displays, an additional Z-Axis drive signal from
the STORAGE/READOUT INTENSITY control is switched
on and off by the Display Controller. The controller signals
determine when the stored waveforms and the readout
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button is pressed in; the READY LED is turned on
when the filling is completed. The storage acquisition
system is then ready to accept a triggering event.
The READY LED is turned off after an acquisition is
completed.

A TRIGGER LEVEL Control—Selects the amplitude
point on the A Trigger signal that produces trigger-
ing. The trigger point for STORE mode is identified
by a T on the acquired waveform.

HF REJECT Switch—Rejects (attenuates) the high-
frequency components (above 40 kHz) of the trigger
signal when the control is in the ON posiltion.

A TRIGGER SLOPE Switch—Selects either the
positive or negative slope of the trigger signal to
start the NON STORE A Sweep or to reference the
next STORE mode acquisition cycle.

A&B INT Switch—Determines the source of the
internal trigger signal for both the A and the B
Trigger Generator circuits.

CH 1—Trigger signal is obtained from the CH 1
input.

VERT MODE—Trigger signal is obtained alter-
nately from the CH 1 and CH 2 input signals if the
VERTICAL MODE is ALT. in the CHOP VERTI-
CAL MODE, the trigger signal is the sum of the
CH 1 and CH 2 input signals.

CH 2—Trigger signal is obtained from the CH 2
input. The CH 2 INVERT switch also inverts the
polarity of the internal CH 2 trigger signal so the
displayed slope agrees with the Trigger SLOPE
switch.

A SOURCE Switch—Determines if the SOURCE of
the A Trigger signal is internal, external, or from line.

INT—Routes the internal trigger signal selected
by the A&B INT switch to the A Trigger circuit.

LINE—Routes a sample of the ac power source
to the A Trigger circuit.

EXT—Routes the signal applied to the EXT
INPUT connector to the A Trigger circuit.

A EXT COUPLING Switch—Determines the method
of coupling the signal applied to the EXT INPUT con-
nector to the input of the A Trigger circuit.

AC—Input signal is capacitively coupled, and the
dc component is blocked.

DC—AIl frequency components of the external
signal are coupled to the A Trigger circuit.

DC <+ 10—Attenuates the external signai by a fac-
tor of 10 before application to the A Trigger cir-
cuit. As with DC COUPLING, all frequency com-
ponents of the input signal are passed.

EXT INPUT Connector—Provides for connection of
external signals to the A Trigger circuit.

B TRIGGER (INT SOURCE ONLY) SLOPE
Switch—Selects either the positive or the negative
slope of the B Trigger signal that starts the NON
STORE sweep or completes the STORE acquisition.

B TRIGGER LEVEL Control—Selects the amplitude
point on the B Trigger signal where triggering occurs
in Triggerable After Delay mode. The B Trigger point
is displayed as a T on the STORE mode waveform
display when in B Horizontal mode. The fully clock-
wise position of the B TRIGGER LEVEL Control
selects the Runs After Delay mode of operation for
the B Trigger circuitry. Out of the cw position, B
Sweep is triggerable after the delay time.

VAR HOLDOFF Control—Adjusts the NON STORE
Variable Holdoff time over a 10 to 1 range. NON
STORE Variable Holdoff starts at the end of the A
Sweep. STORE mode Holdoff starts at the end of
the acquisition cycle, and ends after the waveform
data has been transferred from the acquisition to the
display memory and the pretrigger portion of the
acquisition memory has been filled. After STORE
mode Holdoff ends, the next acquisition can be trig-
gered after the next (or current, if one is in progress)
NON STORE Variable Holdoff ends. STORE mode
Holdoff may be many times the length of the A
Sweep time so that several NON STORE Holdoffs
may occur during STORE Holdoff time. This ensures
that STORE mode triggering is controllable by the
VAR HOLDOFF control and will be stable if the NON
STORE display is stable.



STORAGE CONTROLS

See Figure 2-8 for the location of items 38 through 42.

. (39) STORE/NON STORE Switch—Selects either the
NON STORE or the STORE waveforms for display.
The STORE acquisition system is turned off while
NON STORE is selected, keeping the last-acquired
STORE waveform in memory. Selects NON STORE
when out and STORE when pressed in.

ACQUISITION Controls—Determine the method of
acquiring and displaying the acquired STORE
waveform.

1K/4K Switch (Record Length)—Selects an
acquisition record length of either one screen (1K)
or four screens (4K). Pressing the button in
selects 1K record length, and pressing it again to
release it returns to 4K record length acquisitions.
In either case, the displayed waveform has 100
data points per horizontal graticule division (50 if
two channels are acquired).

When a waveform is acquired using the B time
base, switching between record lengths also
changes the delay time position setting by the
same factor of four. The B DELAY TIME POSI-
TION control must be repositioned to obtain the
same delay.

When the 4K record length is selected, a one-
screen (1K) window of the acquisition is
displayed, and a bar graph is used to indicate the
position of the displayed window within the
record. Turn the CURSORS Position control to
move the display window to any position within
the record.

The 4K acquisition record can be compressed to
a length of 1K by rotating the Variable SEC/DIV
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control out of the CAL detent position. The
SEC/DIV readout is adjusted to reflect the correct
time per division of the displayed waveform. The
acquisition record may be magnified using the
X10 Magnifier.

PRETRIG/POST TRIG Switch—Positions the
trigger point for acquisitions either near the end
(PRETRIG) or the beginning (POST TRIG) of the
waveform. A T is displayed on the waveform to
indicate the trigger point. Pressing the button in
sets the trigger point to PRETRIG; out is the
POST TRIG position.

ROLL/SCAN Switch—Selects either ROLL or
SCAN acquisition and display mode. When
pressed in (ROLL mode), at SEC/DIV switch set-
tings from 0.1 s per division to 5 s per division the
triggers are disabled for NORM and P-P AUTO
Trigger modes, and the signals are continuously
acquired and displayed. The waveform display
scrolls from right to left across the crt .with the
latest samples appearing at the right edge of the
crt. At SEC/DIV switch settings from 0.1 s per
division to 5 s per division in SGL SWP Trigger
mode, SCAN/ROLL/SCAN storage mode is
selected.

At SEC/DIV switch settings of 0.05 s per division
and faster, the ROLL/SCAN switch is not func-
tional, and waveform samples require a triggering
event to complete the acquisition before the
display is updated.

When the ROLL/SCAN switch is in the out posi-
tion (SCAN mode), the A TRIGGER Mode con-
trols are functional. For NORM Trigger mode, the
pretrigger waveform is updated by the trigger and
the post trigger scans from the trigger position to
the right. For SGL SWP, SCAN mode is overrid-
den by SCAN/ROLL/SCAN. Triggers are disabled
in P-P AUTO and TV FIELD Trigger modes.
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Figure 2-8. Storage controls.
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SAVE/CONTINUE Switch—Stops the current
acquisition and display update in progress when
pressed in. Pressing the SAVE/CONTINUE switch
a second time releases it and restarts (CON-
TINUE) the acquisition process. !f the SEC/DIV
switch setting is 0.1 s per division or slower, the
SAVE state is entered immediately upon pressing
the button. At SEC/DIV settings of 50 ms per
division and faster, if an acquisition has been trig-
gered, the acquisition is allowed to complete
before the SAVE state is entered.

The pretrigger portion of an untriggered acquisi-
tion stops filling in SAVE mode. When leaving
SAVE, a new acquisition is started, and a trigger
is not accepted until the pretrigger portion again
refills.

CURSORS Controls—These controls apply to all
displayed STORE mode waveforms. Delta Volts,
Delta Time, One Over Delta Time, and Delay Time
measurements of the STORE displays are made
using the CURSORS controls. Positioning of the
display window within a 4K acquisition record length
is done using the CURSORS Position control. See
the "'Crt Readout” description for the cursor readout
display.

POSITION CURS/SELECT WAVEFORM
Switch—Determines the function of the CUR-
SORS Position control. When pressed in (POSI-
TION CURSORS mode), the CURSORS Position

CH 2; and Reference 3, CH 1 and CH 2. Cursors
move to the acquisition waveform if they were on
a SAVE REF waveform that is turned off. The
acquisition parameters of the waveform set in
which the cursors are located are displayed in the
crt readout. Cursors movable by the CURSORS
Position control are enclosed in a box.

When the displayable acquisition record length is
greater than one screen, a one-screen window of
the record is displayed. A bar graph indicates the
position of the display window within the acquisi-
tion reccrd. The position of the display window is
adjusted to provide a display of the cursor posi-
tion. If the displayed cursor is positioned to either
edge of the display window, further positioning
starts the waveform display scrolling in the oppo-
site direction as the display-window position
moves. Display-window positioning can be contin-
ued to the ends of the record, allowing observa-
tions and measurements to be made over the
entire acquisition record.

SELECT C1/C2 (Cursor-Select) Switch—In Posi-
tion CURS mode this switch selects the cursor(s)
that can be positioned by the CURSORS Position
control. Cursors are activated alternately with
each press of the C1/C2 button. Each selected
cursor is enclosed in a box. In Select Waveform
mode, pressing the C1/C2 switch moves the cur-
sor set between displayed waveforms.

control functions as a cursor horizontal position-
ing control. When the push button is in the out
position (SELECT WAVEFORM mode), the CUR-
SORS Position control or the C1/C2 switch may
be used to position the cursor to the desired
waveform(s).

CURSORS Position Control—Provides for either
horizontal positioning of the active cursor (or
active cursors when there are two waveforms
displayed in a display set) or for switching the
cursors between waveform display sets. When
cursors are positioned to a new waveform set,
they return to the position that they had when
they were last on that waveform set. Cursor posi-
tioning continues to function during SAVE mode,
and measurements can be made on any
displayed waveform. When an acquisition control
is changed, the cursors return to the acquisition
waveform set.

Cursors are placed on all waveforms in a display
set. A display set is one or both waveforms from
the following: Acquisition, CH 1 and CH 2; Refer-
ence 1, CH 1 and CH 2; Reference 2, CH 1 and

MEMORY and Menu Controls—These switches
control MENU operation while the MENU is
displayed, and they control the storage and display
of the SAVE Reference waveforms when the MENU

is not displayed.

WAVEFORM  REFERENCE/MENU  SELECT
Switch—-Selects either the MENU or SAVE REF
MEMORY displays. In Waveform Reference
mode, the MEMORY switches control the Save
Reference Memory. In MENU mode, the
MEMORY switches control the Menu, allowing
selection of alternate parameters and modes that
override the default front-panel settings.

SAVE REF MEMORY CONTROL—When the
WAVEFORM REFERENCE/MENU SELECT
switch is in the WAVEFORM REFERENCE
position (button in), the MEMORY switches
control the Save Reference Memory.

SAVE REF/- Switch—Pressing this button
just prior to pressing one of the DISPLAY
ONJOFF buttons writes the displayed
acquisition waveform into the selected Save



Reference memory. The written waveform
remains displayed on the crt. A control
change or a delay of five seconds between
pressing the SAVE REF button and
selecting a memory location cancels the
SAVE request.

In 4K acquisition mode, a choice may be
made to save the entire 4K acquisition or
the 1K display window. To save a 4K
acquisition, press SAVE REF, then press
DISPLAY ON/OFF 1 twice. The 4K record
fils MEMORY 1, 2, and 3. To save only the
1K displayed window, press SAVE REF,
then press DISPLAY ON/OFF 1, then
DISPLAY ON/OFF 2. The 1K display win-
dow may also be saved in MEMORY 2 or 3
by pressing SAVE REF, then the desired
DISPLAY ON/OFF button.

Menu ‘Select/DISPLAY ON/OFF
Switches—These buttons select one of
three memories that is either written to for
saving a 1K acquisition waveform (if SAVE
REF has been pressed) or toggles the refer-
ence memory display on or off (if the SAVE
button has not been pressed). The stored
waveforms of all three memories can be
displayed at the same time. Two channels
acquired in CHOP or ALT may be stored in
a SAVE REF memory.

MENU CONTROL—When the WAVEFORM
REFERENCE/MENU SELECT switch is in the
MENU SELECT position (button out), the
MEMORY switches control Menu Operation.
Waveforms are only displayed with menus
when a menu choice requires a waveform be
displayed in order to perform the selected
change. The Menu allows selection of alternate
parameters and modes that override the
default front-panel settings.

SAVE REF/~ Switch—When pressed, the
next (to the right) Menu level! is entered.

Menu Select/DISPLAY ON/OFF
Switches—These three buttons select
choices presented in the MENU. The « but-
ton recalls the previous (to the left, higher)
Menu level. The 1 button selects the previ-
ous entry in the current Menu level. The |
button selects the next entry in the current
Menu level.
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MENU SELECTED FUNCTIONS

This part describes the Menu selected functions that

provide selection of parameters, settings, and features not
controlled by the front-panel switches.

ACQ MODE SETUP TABLE

ACQ MODE SETUP TABLE controls the acquisition

mode setup using a table.

SELECT MODE—Displays the acquisition modes in a
table. The desired modes for each sweep speed may
be selected using the SEC/DIV switch to select the
column, the CURSORS Position control selects the
row, and the SELECT C1/C2 switch toggles the choice
for the tzble position that is enclosed in a box.

SWP LIMIT—Selects the number of acquisitions before
the acquisition system halts. SWP LIMIT may be reset
by changing any control that affects acquisition parame-
ters.

WEIGHT-—Selects the weight of the last sample in
AVERAGE mode.

A TRIG POS

A TRIG POS selects the number of points acquired

prior to or following the trigger.

DISPLAY

DISPLAY controls the selection of display parameters.

DELTA T MODE—Selects either DELTA TIME or ONE
OVER DELTA TIME for display in the readout.

VECTORS ON/OFF—Selects either DOTS or VEC-
TORS as the waveform display mode. Vectors are not
allowed in REPETITIVE mode.

SMOOTH ON/OFF—Selects the process with which the
vector displays are produced when in PEAKDET or
ACCPEAK.

With SMOOTH OFF, no reordering of the data points is
done, and vectors are drawn between all of the
minimum and maximum data points.

With SMOOTH ON, data points are reordered for
correct slope and interpolated for drawing a smooth
waveform. Smoothing looks at the change in value of

2-17



Operating Information—2230 Service

reordered data points between adjacent sample inter-
vals. If the change in value does not exceed certain lim-
its, the values are interpreted as a continuous slope for
drawing either vectors or dots. If the value change
exceeds the interpreted ‘‘no-change” limit, the data
point value is not modified, and the vectors drawn in
the display show a discontinuity in the waveform. This
method of display of the waveform data provides a
smoothed display of the waveform, yet retains the
glitch-catching capabilities of PEAKDET or ACCPEAK
modes.

DEFAULT

Selects the default acquisition modes for all sweep
speeds (see Table 2-2 for the default modes).

FORMATTING

FORMATTING selects a SAVE REF memory for
formatting. The vertical gain, horizontal gain, and vertical
position of the selected reference waveform may be
changed. The acquisiion mode used to store the
waveform may also be displayed.

TARGET REFERENCE-—Selects one of the SAVE REF
memories for formatting.

VGAIN—Aliows adjustment of the vertical gain of
SAVE REF memories.

VPOSITION—Allows adjustment of the vertical position
of SAVE REF memories. -

HMAG—Turns X10 horizontal magnification of SAVE
REF memories on or off.

MODE—Displays the parameters used to acquire a
SAVE REF memory.

PLOT
PLOT controls the transmission of waveforms over the
X-Y Piotter output.

START—Initiates the transmission of a waveform over
the X-Y Plotter output.

GRATICULE ON/OFF—Enables or disables plotting of
the graticule.

SET UP—Allows calibration of analog plotter gain and
offset.

SPEED—Allows selection of plotter pen speed.

ADVANCED FUNCTIONS

REFERENCE—Allows a SAVE REF memory to be
Erased or Copied when one of the communication

options is installed.

ERASE—Selects and erases a nonvolatile SAVE
REF memory.

COPY—Selects and copies one nonvolatile SAVE
REF memory to another SAVE REF memory.

COMM—Allows the selection of parameters for optional
communications options, when they are present.

ACQ MODE SETUP TREE—Controls the acquisition
mode setup using a tree. This provides control of the
same functicns as the ACQ MOD SETUP TABLE. -

DEFAULT—Selects the default acquisition modes
for all sweep speeds (see Table 2-2 for the default

modes).

REPETITIVE—Selects the acquisition modes for
sweep speeds from 0.05 us to 2 us per division.

FAST RECORD—Selects the acquisition modes for
sweep speeds from 5 us to 10 us per division.

SLOW RECORD—Selects the acquisition modes for
sweep speeds from 20 us to 50 ms per division.

SLOW TRIGGERED—Selects the triggered acquisi-
tion modes for sweep speeds from 0.1 to 5s per
division or EXT CLOCK.

SLOW UNTRIGGERED—Selects the untriggered
acquisition modes for sweep speeds from 0.1 t0 §'s
per division or EXT CLOCK.

DIAGNOSTICS—Controls the selection of diagnostic
TESTS, EXERCISERS, and PICTURES.

Acquisition Modes

PEAK DETECT (PEAKDET) and SAMPLE—Select how
samples are processed on successive acquisitions. See
Table 2-2 for the default modes set by the SEC/DIV
switch.



In Peak Detect mode, the minimum and maximum lev-
els of the input signal within the time represented by
1/50 of a division unmagnified (1/25 of a division in
CHOP or ALT) are digitized and stored in acquisition
memory as a data pair. The displayed data points are
connected by vectors.

in Sample mode, the signal is sampled at a rate that
produces 100 samples per graticule division. In
RECORD sampling, the displayed sample points are
connected by either vectors or dots. For REPETITIVE
Storage mode, the sample points are displayed as dots.

ACCPEAK—Will cause displays to accumulate. The
largest maximum and smallest minimum sample
acquisitions are retained for each trigger-referenced
sample record over multiple acquisition cycles. When
ACCPEAK is used with hardware peak detection (50 us
per division to 0.1 s per division), updating of maximum
and minimum samples also occurs within each time-
base clock period. Changing any switch that affects the
acquisition parameters resets ACCPEAK displays.
ACCPEAK mode is valid for triggered acquisitions only
and is not operational in any mode that does not allow
triggers (see Table 2-2),

AVERAGE—Is used for muitiple record averaging.
Whenever AVERAGE is selected, SAMPLING is also
selected automatically. When on, a normalized algo-
rithm is used for continuous display of the signal at full
amplitude during the averaging process. Averaging is
the default for REPETITIVE Store mode only. The
amplitude resolution increases with the number of
weighted acquisitions included in the display. The
number of weighted acquisitions included in the AVER-
AGE display is Menu selectable. The default weight of
AVERAGE mode is 1/4. Other choices are Menu select-
able. The number of sweeps (SWP LIMIT) allowed to
occur before averaging stops is also Menu selectable.

REAR PANEL

Refer to Figure 2-9 for location of items 43 through 45,

EXT Z-AXIS Input Connector—Provides an input
connector allowing external signals to be applied to
the Z-Axis circuit to intensity modulate the NON
STORE waveform display. Applied signals do not
affect the display waveshape. External signals with
fast rise and fall times provide the best defined
intensity modulation. Noticeable intensity modulation
is produced at normal viewing intensity levels by a
5V p-p signal. The Z-Axis signals must be time-
related to the trigger signal to obtain a stable
intensity-modulation pattern on the displayed
waveform,
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CAUTION { CAUTION
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MAX WATTS 85 ©
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FREQUENCY

48-440 My

: TEKTRONIX, INC., BEAVERTON /OREGON, u.é.kj

4998-08

Figure 2-9. Rear Panel.

Fuse Holder—Contains the ac-power-source fuse.

See the rear panel nomenclature for fuse rating and
line voltage range.

Detachable Power Cord Receptacle—Provides the
connection point for the ac-power source to the
instrument.

SIDE PANEL

The standard side panel includes one AUXILIARY CON.-

NECTOR. Refer to Figure 2-10 for the location of item 46.

(46) AUXILIARY CONNECTOR—Provides connections

for an X-Y Plotter and an External Clock input (see
Table 2-4).

NOTE

To meet EMI regulations and specifications, use
the specified shielded cable and metal connector
housing with the housing grounded fto the cable
shield for connections to the AUXILIARY CON.
NECTOR.
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RELAY N.0. RELAY COMM
+42 VDCi l [SIG GND,

N - Y,

AUXILIARY CONNECTOR

CAUTION
<$25Vpk AND<100mA ABS, MAX
APPLIED TO ANY CONNECTOR

4998-10
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Figure 2-10. Side Panel.

X-Y Plotter Connections—Provide connections
for X-Axis output, Y-Axis output, and Pen Lift
control to drive an external X-Y Piotter. All
displayed waveforms and the crt readout are
transmitted over the Piotter Interface. The settling
time allowed for each movement is approximately
proportional to the distance of the movement.
Connections for Signal Ground and Shield Ground
are also provided for grounding between the
instrument and the external X-Y Plotter.
Waveforms and the Readout are plotted on the
crt while a plot is in progress.

To be fully compatible, the X-Y Plotter used must
have X and Y inputs with sensitivity control and
penlift control.

Signals available at the AUXILIARY CONNEC-
TOR allow the Pen Lift circuit to be wired for a
plotter with either active Hl or active LO drive
requirements and several logic families. Examples
for both an active Hl and an active LO TTL drive
are shown in Figure 2-11.

EXT CLK Input—Provides an input for EXT
CLOCK signals (up to 1000 samples per second)
to the storage acquisition circuitry in conjunction
with the EXT CLK position of the A SEC/DIV
switch. Samples are referenced by falling edges.
Input is TTL compatible. Samples become visible
by pairs, as SCAN or ROLL. Several clocks are
required before the point associated with the first
clock is visible.

Table 2-4

Auxiliary Connector

Pin Number Function

EXT CLK Input

Pen Lift, Normally Closed
X Output

SHIELD GND

Y Output

+42V

Pen Lift, Normally Open
Pen Lift, Relay Common
SIG GND

W O N OGO B WN ~

CRT READOUT

The Readout System provides an alphanumeric display
of information on the crt along with the waveform displays.
The readout (non MENU) is displayed in three rows of
characters. Two rows are within the top graticule division,
and the other row is within the bottom graticule division.
The locations and types of information displayed under
normal operating modes are illustrated in Figure 2-12.

NON STORE Mode

iIn NON STORE mode the current settings of the
VOLTS/DIV and SEC/DIV switches are displayed.
Greater-than symbols (>) are used to indicate uncalibrated
VOLTS/DIV and SEC/DIV switch settings. A down-arrow
symbol (1) is used in front of the CH 2 VOLTS/DIV readout
to indicate CH 2 INVERT. For Horizontal Display Mode of
BOTH and B only, the DELAY TIME POSITION readout is
also displayed. The AC-GND-DC input coupling selection is
indicated in the associated VOLTS/DIV readout with a tilde
symbol (~) above the volts symbol for AC, a ground sym-
bol (rh) for GND, and no extra symbol for DC input cou-

pling.



Operating Information—2230 Service
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Figure 2-11. X-Y Plotter interfacing.
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STORE Mode

In STORE mode, many of the crt readout displays are
associated with the parameters of stored waveforms.

PARAMETER READOUT. Displays the VOLTS/DIV,
SEC/DIV and B DELAY TIME settings of the displayed
waveforms on which the cursors are placed. The AC-
GND-DC input coupling selection is indicated in the associ-
ated VOLTS/DIV readout with a tilde symbol {~) above the
volts symbol for AC, a ground symbol (rh) for GND, and
no extra symbol for DC input coupling. If the VOLTS/DIV
switch is switched beyond the available expansion or
compression range, the readout is tilted, indicating that the
VOLTS/DIV switch setting and the VOLTS/DIV readout no

longer agree. In 4K COMPRESS, a c is displayed in front
of the SEC/DIV readout.

CURSOR READOUT. Displays the voltage difference
(either AV 1 or AV 2) and the time difference between cur-

sors. When either BOTH or B HORIZONTAL mode is
selected, the DELAY TIME POSITION is displayed.
Independent fields for CH1 VOLTS/DIV, CH2

VOLTS/DIV, A SEC/DIV, and B SEC/DIV are provided.
When making ground referenced voltage measurements
(ground dot displayed and cursor on ground dot) the A
symbol is replaced by a ground symbol ().

When the acquisition record length is longer than one
screen, a bar graph is used to indicate the position of the
display window within the acquisition record.

DELAY TIME
DELTA TIME
CH 1 DELTA VOLTS l OR
1iC 3 1] (11 1+ 1/DELTA TIME
CH 2 DELTA VOLTS l = .
I L1 S == savE INDICATOR
T g ey Lﬂd\, OR
DN ATOR 2 A i ACQUISITION LIMIT
L CURSOR ACTIVE SAVE REF INDICATOR
| CURSOR STATUS
7 I i
- TRIGGER DISPLAY
44sles POSITION —tii WINDOW _iiti .t
i | INDICATOR
I T
i
Dl". e rEEE DT e e . “ e ...
O =1 CE_ 3= 1]
CH 1 CH 2 STORAGE ASEC/DIV B SEC/DIV
VOLTS/DIV  VOLTS/DIV MODE
4998.12

Figure 2-12. Crt readout display.
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OPERATING CONSIDERATIONS

This part contains basic operating information and tech-
niques that should be considered before attempting to
make any measurements with the instrument.

GRATICULE

The graticule is internally marked on the faceplate of
the crt to eliminate parallax-viewing errors and to enable
measurements (see Figure 2-13). The graticule is marked
with eight vertical and ten horizontal major divisions. In
addition, each major division.is divided into five subdivi-
sions. The vertical deflection factors and horizontal timing
are calibrated to the graticule so that accurate measure-
ments 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.

1ST OR LEFT 11TH OR RIGHT
VERTICAL VERTICAL
GRATICULE GRATICULE
LINE LIN7
- [l .
~ HEREE
3 i
: NN
X ; ! ‘
bs
: |
RISE AND I CENTER
FALL TIME HORIZONTAL
MEASUREMENT CENTER GRATICULE
VERTICAL
PERCENTAGE LINE
MARKERS GRATICULE
LINE
4207-09

Figure 2-13, Graticule measurement markings.

GROUNDING

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

SIGNAL CONNECTIONS

Probes

Generally, the accessory probes supplied with the
instrument provide the most convenient means of connect-
ing a signal to the vertical inputs of the instrument. The
probe and probe lead are shielded to prevent pickup of
electromagnetic interference, and the 10X attenuation fac-
tor of the probe offers a high input impedance that mini-
mizes 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 sur-
face can cause damage to both the probe body and the
probe tip. 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-
quencies 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
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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 supplied with the probe.

Coaxial Cables -

Cables may also be used to connect signals to the ver-
tical input connectors, but the‘y may have considerable
effect on the accuracy of a displayed waveform. To main-
tain the original frequency characteristics of an applied sig-
nal, only high-quality, low-loss coaxial cables should be
used. Coaxial cables should be terminated at both ends in
their characteristic 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 fevel of the signal applied to the input connector.
Thus, any large voltage transients that may accidentally be
generated are not applied to the vertical amplifier's 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 level that
is drawn from the external circuitry while the input-
coupling 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 previ-
ously 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 (input coupling) switch to GND
before connecting the probe tip to a signal source.

2. Touch the probe tip to the oscilloscope GND con-
nector.

3. Wait several seconds for the input-coupling capaci-
tor to discharge.

4. Connect the probe tip to the signal source.

5. Wait several seconds for the input-coupling capaci-
tor 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 now be vertically positioned within
the graticule area, and the ac component of the signal can
be measured in the normal manner.



OPERATOR’S CHECKS AND
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ADJUSTMENTS

To verify the operation and basic accuracy of your
instrument before making measurements, perform the fol-
lowing checks and adjustment procedures. If adjustments
are required beyond the scope of these operator's checks
and adjustments, refer the instrument to qualified service
personnel.

.

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

INITIAL SETUP

1. Verify that the POWER switch is OFF (switch is in
the out position), then plug the power cord into the ac
power outlet.

2. Press in the POWER switch (ON) and set the instru-
ment controls to obtain a baseline trace:

Display
A and B INTENSITY Midrange
STORAGE/READOUT
INTENSITY Midrange
(with READOUT on)
FOCus Best defined display

Vertical (Both Channels)

VERTICAL MODE CH 1
POSITION Midrange
VOLTS/DIV 50 mv
AC-GND-DC DC

Var Volts/Div CAL (in detent)

BW LIMIT Off (button out)

STORE/NON STORE

Horizontal
HORIZONTAL MODE A
A SEC/DIV 0.5 ms
Var Sec/Div CAL (in detent)
POSITION Midrange
X10 Mag Off (Var Sec/Div knob in)
B DELAY TIME
POSITION Fully counterclockwise
Triggers
VAR HOLDOFF NORM (fully
counterclockwise)
A&B INT VERT MODE
A SOURCE INT
A Mode P-P AUTO
A LEVEL For a stable display
(with signal applied)
A SLOPE OUT (plus—button out)
B LEVEL B RUNS AFTER DELAY
(fully clockwise)
B SLOPE OUT (plus—button out)
HF REJECT OFF (fully counterclockwise)
Storage

NON STORE (button out)

SAVE/CONTINUE CONTINUE (button out)
PRETRIG/POST TRIG  POST TRIG (button out)
ROLL/SCAN SCAN (button out)
1K/4K 4K (button out)

POSITION CURS/

SELECT WAVEFORM
WAVEFORM REFER-
ENCE/MENU SELECT

POSITION CURS (button in)

WAVEFORM REFERENCE
(button in)

3. Adjust the INTENSITY and FOCUS controls for the

desired display brightness and best focused trace.

4. Adjust the Vertical and Horizontal POSITION con-

trols to position the trace within the graticule area.

5. Allow the instrument to warm up for 20 minutes

before commencing the adjustment procedures. Reduce
the INTENSITY levels during the waiting time.
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TRACE ROTATION ADJUSTMENT

NOTE

Normally, the trace will be parallel to the center hor-
izontal graticule line, and TRACE ROTATION adjust-
ment is not required.

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.

3. If the baseline trace is not parallel to the center hor-
izontal graticule line, use a small-bladed screwdriver or
alignment tool to adjust the TRACE ROTATION control to
align the trace with the graticule line.

PROBE COMPENSATION

Misadjustment of probe compensation is a source of
measurement error. The attenuator probes are equipped
with a compensation adjustment. To ensure optimum
measurement accuracy, always check probe compensation
before making measurements. Probe compensation is
accomplished by:

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

2. Connect the two 10X probes (supplied with the
instrument) to the CH 1 OR X and CH 2 OR Y input con-
nectors. Observe that the CH1 VOLTS/DIV readout
changes from 5mV 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 each probe.

NOTE

While the probe tip is in the PRB ADJ connector,
use care not to to break off the probe tip.

4. Insert the Channel 1 probe tip into the PRB ADJ
connector.

S. Use the CH 1 POSITION control to vertically center
the display. If necessary, adjust the A TRIGGER LEVEL
control to obtain a stable display on the plus (OUT)
SLOPE.
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6. Check the waveform display for overshoot and
rounding (see Figure 2-14); if necessary, use a small-
bladed screwdriver to adjust the probe compensation for a
square front ccrner on the waveform.

7. Remove the Channel 1 probe tip from the PRB ADJ
connector.

8. Insert the Channel 2 probe tip into the PRB ADJ
connector.

9. Set the VERTICAL MODE to CH 2.
10. Set the A TRIGGER A&B INT switch to CH 2.

11. Use the CH 2 POSITION control to vertically center
the display. ’

12. Check the waveform display for overshoot and
rounding (see Figure 2-14); if necessary, use a small-
bladed screwdriver to adjust the probe compensation 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 ccmpensation.
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Figure 2-14. Probe compensation.



HORIZONTAL ACCURACY CHECK

A check of the horizontal timing can be made using the
time measurement capability of the CURSOR measure-
ment mode:

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

2. Set:

CH 1 AC-GND-DC GND
STORE/NON STORE STORE (button in)
A SEC/DIV 1ms

PRETRIG/POST TRIG
POSITION CURS/
SELECT WAVEFORM

POST TRIG (button out)

POSITION CURS (button in)

3. Turn the Horizontal POSITION control to align the
start of the trace to the first vertical graticule line.

4. Turn the Vertical POSITION control to align the
baseline trace with the center horizontal graticule line.

5. Position the active cursor to the second vertical
graticule line using the CURSORS Position control.

6. Push the SELECT C1/C2 switch to activate the
other cursor.

7. Position the active cursor to the tenth vertical grati-
cule line using the CURSORS Position control for a spac-
ing of eight divisions between cursors.

8. Check that the Delta Time readout is = 7.84 ms
and < 8.16 ms.

9. Verify that the CH 1 probe tip is in the PRB ADJ
connector.

10. Set the CH 1 AC-GND-DC switch to DC.
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11. Adjust the SEC/DIV switch setting for a display of
at least one full period of the probe adjust signal (0.1 or
0.2 ms per division).

12. Use the Vertical and Horizontal POSITION controls
to center the display.

13. Use the CURSORS Position control and the CUR-
SORS SELECT C1/C2 button to align the cursors with the
rising edges of the PRB ADJ signal (measurement is of the
probe adjust signal period). Note the cursor time difference
readout and the graticule measurement (horizontal dis-
tance between rising edges as taken from the graticule
markings) of the signal for later reference.

14. Check that the cursor readout of the probe adjust
signal period and the graticule measurement of the calibra-
tor period are within =2%.

15. Set the STORE/NON STORE switch to the NON
STORE position (button out).

16. Determine the horizontal graticule measurement of
the probe adjust signal period. Note the reading for later
reference.

17. Check that the NON STORE Mode probe adjust
signal period measurement obtained from the graticule
markings is within *3% of the STORE Mode probe adjust
signal period obtained in step 13.

18. Set the X10 MAG switch to on (pull Var Sec/Div
knob out) and set the A SEC/DIV switch setting to obtain
a display of at least one full period of the probe adjust sig-
nal (0.1 or 0.2 ms per division).

19. Check that the magnified NON STORE Mode probe
adjust sugnal period measurement obtained from the grati-
cule markings is within +4% of the STORE Mode probe
adjust signal period obtained in step 13.
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THEORY OF OPERATION

SECTION ORGANIZATION

This section contains a functional description of the

2230 Digital Storage Oscilloscope. The discussion begins

with a summary of instrument functions. Following the
general description, each major circuit is explained in
detail. Functional block diagrams and schematic diagrams
are used to show the interconnections between parts of
the circuitry, to indicate circuit components, and to identify
interrelationships with the front-pane! controls.

Schematic diagrams and*the overail block diagrams are
located in the tabbed *‘Diagrams” section at the back of
this manual. The schematic diagram associated with each
description is identified in the text and indicated o