


Copyright ® 1985, 1986, 1988 Tektronix, Inc. All rights
reserved. Contents of this publication may not be
reproduced in any form without the written permission of
Tektronix, Inc.

Products of Tektronix, Inc. and its subsidiaries are covered
by U.S. and foreign patents and/or pending patents. 

TEKTRONIX, TEK, SCOPE-MOBILE, and � are
registered trademarks of Tektronix, Inc. TELEQUIPMENT
is a registered trademark of Tektronix U.K. Limited.

Printed in U.S.A. Specification and price change privileges
are reserved.

INSTRUMENT SERIAL NUMBERS 

Each instrument has a serial number on a panel insert, tag,
or stamped on the chassis. The first number or letter
designates the country of manufacture. The last five digits
of the serial number are assigned sequentially and are
unique to each instrument. Those manufactured in the
United States have six unique digits. The country of
manufacture is identified as follows:

B000000 

100000 

200000 

300000 

700000 

Tektronix, Inc., Beaverton, Oregon, USA 
Tektronix Guernsey, L td., Channel Islands
Tektronix United Kingdom, Ltd., London
Sony/Tektronix, Japan 
Tektronix Holland, NV, Heerenveen,
The Netherlands



--

C ertificate of the Manufacturer/ Importer 

We hereby certify that the _ _______ 2_2_3_0_ O_S _C _IL_L_O_S_C_ O_ P_E _________ _

AND ALL INST ALLED OPT IONS 

complies with the RF Interference Suppression requirements of Amtsbl.-Vfg 1046/1984. 

The German Postal Service was notified that the equipment is being marketed. 

The German Postal Service has the right to re-test the series and to verify that it complies. 

TEKTRONIX 

Bescheinigung des Herstellers/lmporteurs 

Hiermit wird bescheinigt, daB der/die/das ______ 2_2_3_0_ O_S _C _IL_L_O_S_C_ O_P _E _____ _

AND ALL INSTALLED OPTIONS 

in Ubereinstimmung mit den Bestimmungen der Amtsblatt-Verfugung 1046/1984 funkentstort ist. 

Der Deutschen Bundespost wurde das lnverkehrbringen dieses Gerates angezeigt und die 
Berechtigung zur Uberprufung der Serie auf Einhalten der Bestimmungen eingeraumt. 

TEKTRONIX 

NOTI C E  to the user/operator: 

The German Postal Service requires that Systems assembled by the operator/user of this 
instrument must also comply with Postal Regulation, Vfg. 1046/1984, Par. 2 ,  Sect. 1. 

H INWEIS fur den Benutzer/Betreiber: 

Die vom Betreiber zusammengestellte Anlage, innerhalb derer dies Gerat eingesetzt wird, muB

ebenfalls den Voraussetzungen nach Par. 2 ,  Ziff. 1 der Vfg. 1046/1984 genugen. 

NOTI C E  to the user/operator: 

The German Postal Service requires that this equipment, when used in a test setup, may only be 
operated if the requirements of Postal Regulation, Vfg. 1046/1984, Par. 2 ,  Sect. 1.7.1 are complied 
with. 

H INWEIS fur den Benutzer/Betreiber: 

Dies Gerat dart in MeBaufbauten nur betrieben werden, wenn die Voraussetzungen des Par. 2 ,  
Ziff. 1. 7.1 der Vfg. 1046/1984 eingehalten werden. 





2230 Operators 

TABLE OF CONTENTS (cont) 

Page 

Section 7 OPTIONS AND ACCESSORIES 

INTRODUCTION ....................................... 7-1

GENERAL INFORMATION ....................... 7-1

STANDARD ACCESSORIES............... 7-1

OPTIONAL ACCESSORIES................. 7-1

INTERNATIONAL POWER CORD 

OPTIONS.............................................. 7-2

OPTION 10 ........................................... 7-2

OPTION 12 ........................................... 7-2

OPTION 33 ........................................... 7-2

COMMUNICATIONS OPTION 

OPERATION.............................................. 7-2

ADVANCED FUNCTION MENU 

(for the 2230 only) . . .. .. .. . .. .. .. .. .. ... .. . . . . .. .. 7-3

NON-VOLATILE EXTENDED 

MEMORY (for the 2230 only)............... 7-3

OPTION 10 GPIB OPERATORS 

INFORMATION..................................... 7-3

OPTION 12 RS-232-C OPERATORS 

INFORMATION ..................................... 7-10 

RS-232-C PROGRAMMING ................. 7-15 

COMMUNICATION AND WAVEFORM 

TRANSFER ................................................ 7-17 

READOUT/MESSAGE COMMAND 

CHARACTER SET ............................... 7-17 

MESSAGES AND COMMUNICATION 

PROTOCOL.......................................... 7-17 

WAVEFORM TRANSFERS .................. 7-21 

COMMUNICATION COMMANDS ........ 7-24 

STATUS BYTES AND EVENT 

CODES ................................................. 7-47 

2221 SPECIFIC COMMANDS ............. 7-51 

Appendix A PERFORMANCE CHECK PROCEDURE 

ii 

INTRODUCTION ....................................... A-1 

PURPOSE............................................. A-1 

PERFORMANCE CHECK INTERVAL.. A-1 

STRUCTURE........................................ A-1 

Page 

TEST EQUIPMENT REQUIRED .......... A-1 

LIMITS AND TOLERANCES ................ A-1 

PREPARATION FOR CHECKS ........... A-1 

INDEX TO PERFORMANCE 

CHECK STEPS..................................... A-3 

VERTICAL................................................. A-4 

INITIAL CONTROL SETTINGS............ A-4 

PROCEDURE STEPS .......................... A-4 

HORIZONTAL. ........................................... A-11 

INITIAL CONTROL SETTINGS ............ A-11 

PROCEDURE STEPS .......................... A-11 

TRIGGER ................................................... A-15 

INITIAL CONTROL SETTINGS ............ A-15 

PROCEDURE STEPS .......................... A-15 

EXTERNAL Z-AXIS, PROBE 

ADJUST, EXTERNAL CLOCK, 

AND X-Y PLOTTER .................................. A-18 

INITIAL CONTROL SETTINGS ............ A-18 

PROCEDURE STEPS .......................... A-18 

Appendix B 

RS-232-C DEVICE 

INTERCONNECTION ................................ B-1 

INTRODUCTION................................... B-1 

DETERMINING DEVICE TYPE............ B-1 

INTERCONNECTION RULES.............. B-2 

INTERCONNECTION CABLE TYPE 

IDENTIFICATION.................................. B-3 

RS-232-C INTERCONNECTION 

CABLE-TYPE ILLUSTRATIONS.......... B-3 

INTERCONNECTION CABLE 

PART NUMBERS................................. B-7 

PRINTER/PLOTTER OPERATION ........... B-10 

PLOTTER TYPES ................................. B-10 

QUESTIONS AND ANSWERS ................. B-17 

CHANGE INFORMATION 



2230 Operators 

LIST OF ILLUSTRATIONS 

Figure Page 

1-1

1-2

2-1

2-2

2-3

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

3-9

4-1

5-1

6-1

6-2

6-3

6-4

6-5

6-6

6-7

6-8

6-9

6-10

6-11

6-12

6-13

6-14

6-15

6-16

6-17

6-18

6-19

6-20

6-21

6-22

6-23

The 2230 Digital Storage Oscilloscope....................................................................................... vi 

Maximum input voltage vs frequency derating curve for CH 1 OR X, 

CH 2 ORY, and EXT INPUT connectors ................................................................................... 1-14 

Physical dimensions of the 2230 Oscilloscope........................................................................... 1-15 

Securing the detachable power cord to the instrument .... ... .. ..... ...... ..... ......... .. .. ........ .. ... ... .. ... .. 2-1

Optional power-cord data ........................................................................................................... 2-2

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

Power and display controls and power-on indicator.................................................................. 3-2

Vertical controls and connectors ................................................................................................ 3-3

Horizontal controls . . . ... .. .. ... ... .. ... .. .. ... .. .. ... .. ..... .. .. .. ... .. .. . .. .. ... ..... ....... ...... .. ... .. .. ... .. ........ .. ..... ... ..... 3-6

Trigger controls, connector, and indicator.................................................................................. 3-9

Storage controls .......................................................................................................................... 3-12 

Rear panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-16 

Side panel .................................................................................................................................... 3-17 

X-Y Plotter interfacing ................................................................................................................. 3-18 

Crt readout display ...................................................................................................................... 3-19 

Graticule measurement markings . .. ... .. ... .. .. .. ... .. .. ..... .. ... .. ..... ..... ... ... . . . .... ..... ....... .. ... .. ... .. ... ... .. .. .. 4-1

Probe compensation.................................................................................................................... 5-2

Ac peak-to-peak voltage, cursor method ................................................................................... 6-5

Ground referenced de voltage, cursor method........................................................................... 6-6

Time duration, cursor method..................................................................................................... 6-6

Rise-time setup, five-division display.......................................................................................... 6-7

Rise time, cursor method............................................................................................................ 6-8

Waveform comparison ................................................................................................................ 6-9

Time difference between repetitive pulses.................................................................................. 6-9

Time difference between two time-related pulses . .. .. .. ... .. ... . .. .. ... ... .. . ... .. . . ... .. ... .. .. .. . .. ... .. ... ... .. .. .. 6-10 

Phase difference between sinusoidal signals . .. .. ... .. .. .. . .. .. . ... .. .. . .. .. . .. . ... .. .. ... .. .. . .. .. ... .. ... .. ... ... .. .... 6-11 

Slope using cursors ..................................................................................................................... 6-12 

Low-level signal, STORE mode .................................................................................................. 6-13 

Low-level signal, AVERAGE mode ............................................................................................. 6-13 

Anti-aliasing ................................................................................................................................. 6-14 

Glitch display, ACCPEAK Store mode ........................................................................................ 6-14 

Glitch display, STORE mode using B HORIZONTAL MODE .................................................... 6-15 

Missing Pulse, ACCPEAK STORE mode ................................................................................... 6-16 

Peak-to-peak waveform voltage ................................................................................................. 6-17 

Ground-referenced voltage measurement .................................................................................. 6-18 

Algebraic addition ........................................................................................................................ 6-19 

Common-mode rejection ............................................................................................................. 6-19 

Time duration ............................................................................................................................... 6-20 

Rise time ...................................................................................................................................... 6-21 

Time difference between two time-related pulses ... .. .. .. ... ... ..... ... .. . ... ... .. . ... . .. .. . . .. ... ... .. . .. ... ... .. .. .. 6-22 

iii 



2230 Operators 

iv 

Figure 

6-24

6-25

6-26

6-27

6-28

6-29

7-1

7-2

7-3

LIST OF ILLUSTRATIONS (cont) 

Page 

Phase difference .......................................................................................................................... 6-23 

High-resolution phase difference................................................................................................. 6-24 

Delayed-sweep magnification ...................................................................................................... 6-26 

Time difference between repetitive pulses .................................................................................. 6-27 

Rise time, differential time method ................................................ ... .. ............................. ... .. ... .. . 6-28 

Time difference between two time-related pulses, differential time method.............................. 6-29 

Option 1 O side panel . .. .. . . .. . ... . ... .. .. .. ..... .. .. ... .. ... .. . .. .. .. . .. .. .. . . ... .. . .. .. . .. .. ... ... .. ... ... .. ...... .. ... .. ... .. . .. . .. .. 7-5 

SRO, ADDR, and PLOT indicators............................................................................................. 7-7 

Option 12 side panel ................................................................................................................... 7-11 

8-1 Null Modem cable wiring............................................................................................................. 8-2 

8-2 Type A Connections-DTE male to DCE female....................................................................... 8-4 

8-3 Type A 1 Connections-DTE female to DCE female.................................................................. 8-5 

8-4 Type A2 Connections-DTE male to DCE male........................................................................ 8-6 

8-5 Type 8 Connections-DTE male to DTE male and DCE male to DCE male........................... 8-7 

8-6 Type 81 Connections-DTE female to DTE male and DCE female to DCE male................... 8-8 

8-7 Type 82 Connections-DTE female to DTE female and DCE female to DCE female............. 8-9 

8-8 Option 12 RS-232-C Printer/Plotter interconnects ..................................................................... 8-11 

8-9 Option 12 RS-232-C communication parameters ...................................................................... 8-11 

8-1 O HP 7470A and HP 7475A plotter RS-232-C switch settings ..................................................... 8-12 

8-11 Option 12 PARAMETERS switch settings for HP-GL compatible plotters ............................... 8-12 

8-12 Epson FX-Series printer RS-232-C switch settings ................................................................... 8-13 

8-13 Option 12 PARAMETERS switch settings for Epson printers ................................................... 8-13 

8-14 HP ThinkJet RS-232-C switch settings ...................................................................................... 8-14 

8-15 Option 12 PARAMETERS switch settings for HP ThinkJet printer ........................................... 8-14 

8-16 Option 10 GPl8 Interface PARAMETERS switch ...................................................................... 8-15 

8-17 Option 10 PARAMETERS switch settings for compatible GPl8 printers/plotters .................... 8-15 

8-18 Switch settings for compatible G Pl 8 plotters ............................................................................ 8-16 

8-19 Option 1 O Setup Flow-chart ........................................................................................................ 8-21 

8-20 Option 12 Setup Flow-chart ........................................................................................................ 8-22 



Table 

1-1

1-2

1-3

3-1

3-2

3-3

3-4

7-1

7-2

7-3

7-4

7-5

7-6

7-7

7-8

7-9

7-10

7-11

7-12

7-13

7-14

7-15

7-16

7-17

7-18

7-19

7-20

7-21

7-22

7-23

7-24

7-25

7-26

7-27

7-28

7-29

7-30

7-31

7-32

7-33

7-34

7-35

7-36

2230 Operators 

LIST OF TABLES 

Page 

Electrical Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 1-3 

Environmental Characteristics .................................................................................................... 1-13 

Physical Characteristics .. ................. ................. ........... ..................................... ..... ... .................. 1-14 

Probe Coding............................................................................................................................... 3-4 

Default Digital Storage Modes.................................................................................................... 3-6 

Repetitive Store Sampling Data Acquisition............................................................................... 3-7 

Auxiliary Connector ..................................................................................................................... 3-16 

Extended Memory Specification .. .. ....... .. .. .. .. . . . .. ... ... . . .. ... . .. ... . . .. . .. ... .. . ..... ... ... . . .. ... ... .. ... .. . .. ... .. .. . .. 7-4 

Functions Subsets Implemented................................................................................................. 7-4 

Specific Format Choices .. . .. ... . . .. .. .. . .. .. .. ........... ... .. . .. .. ... ... .. ... .. ... .. ... .. ..... . ... . .. .. ... ... .. ..... .. . .. . .. .. ... .. 7-5 

Implementation of Specific Features .......................................................................................... 7-5 

GPIB Connector .......................................................................................................................... 7-6 

GPIB PARAMETERS Switch...................................................................................................... 7-6 

Specific Format Choices for Option 12 ...................................................................................... 7-10 

Implementation of Specific Features for Option 12 .................................................................... 7-11 

RS-232-C DTE Connector .......................................................................................................... 7-11 

RS-232-C DCE Connector .......................................................................................................... 7-12 

RS-232-C PARAMETERS Switch .............................................................................................. 7-13 

Baud Rate ................................................................................................................................... 7-13 

Parity Selection ........................................................................................................................... 7-14 

Readout/MESsage Command Character Set ............................................................................ 7-18 

ASCII Code Chart ....................................................................................................................... 7-19 

Numeric Argument Format for Commands ................................................................................ 7-21 

Typical 8-Bit Binary-Encoded Waveform Data ........................................................................... 7-22 

Typical 16-Bit Binary-Encoded Waveform Data ......................................................................... 7-23 

Typical 8-bit Hexadecimal-Encoded Waveform Data ................................................................. 7-23 

Typical 16-bit Hexadecimal-Encoded Waveform Data ............................................................... 7-24 

Typical ASCII-Encoded Waveform Data ..................................................................................... 7-24 

Vertical Commands ..................................................................................................................... 7-26 

Horizontal Commands ................................................................................................................. 7-27 

Trigger Commands ...................................................................................................................... 7-28 

Cursors Commands .................................................................................................................... 7-29 

Display Commands ..................................................................................................................... 7-31 

Acquisition Commands ................................................................................................................ 7-32 

Save and Recall Reference Commands .. .. .. ... .. .. .. .... . .... .. .. .... .. ... .. ... .. .. ... . ...... .. ... . . ... .. ... ... ... .. ... .. . 7-34 

Waveform Commands ................................................................................................................. 7-38 

Waveform Preamble Fields ......................................................................................................... 7 -40 

Miscellaneous Commands .......................................................................................................... 7-44 

Service Request Group Commands . . . .. .. . . . .. .. . . . . . . . ... . . .. . .. . .. ... .. .. . .. . .. . . . . ... . . .. ... . . . .. .. . . . ... .. . . . . . . .. .. . .. .. 7-45 

RS-232-C Specific Commands ................................................................................................... 7-46 

Status Event and Error Categories ............................................................................................ 7-47 

Event Codes ................................................................................................................................ 7 -48 

2221 Commands, Short Form List ............................................................................................. 7-51 

V 



2230 Operators 

vi 

Table 

A-1

A-2

A-3

A-4

A-5

A-6

B-1

B-2

LIST OF TABLES ( cont) 

Page 

Test Equipment Required............................................................................................................ A-2 

Deflection Accuracy Limits.......................................................................................................... A-4 

Storage Deflection Accuracy....................................................................................................... A-5 

Settings for Bandwidth Checks .................................................................................................. A-7 

Settings for Timing Accuracy Checks ........................................................................................ A-12 

Switch Combinations for Triggering Checks .............................................................................. A-15 

Cable-Type Identification............................................................................................................. B-3 

RS-232-C Transfer Rates ........................................................................................................... B-17 



2230 Operators 

OPERA TORS 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
tionary or other information is to be found. For
maximum input voltage see Table 1-1.

Symbols as Marked on Equipment 

� 
DANGER - High voltage.

@ Protective gound (earth) terminal.

&, 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.

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 power cord and connector specified for your
product. 

Use only a power cord that is in good condition.

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

Use the Proper Fuse 

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

Do Not Operate in Explosive Atmospheres 

To avoid explosion, do not operate this product in an
explosive atmosphere unless it has been specifically
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 installed.

vii 
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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 (1 K may also be selected) for a single channel 
or 2K samples for dual-channel {CHOP or ALT) displays. 
Any contiguous 1 K 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 1 K in length for ease in viewing or storing 
in the SAVE REF memory. If compression is not desired, 
all 4K or any 1 K 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 1/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 1 K 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: 

Operators Manual 

1 Users Reference Guide 

2 Probe Packages 

Front Panel Cover 

Accessory Pouch 

Power Cord 

Fuse 

DB-9 Male Connector and Connector Shell 

Loop Clamp 

Flat Washer 

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 following electrical characteristics {Table 1-1) are 
valid when the 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 listed in the "Performance Requirements" column 
are verifiable qualitative or quantitative limits that define 
the measurement capabilities of the instrument. 

Environmental characteristics are given in Table 1-2. 
This instrument meets the requirements of MIL-T-28800C 
for Type Ill, Class 5 equipment, except where noted other­
wise. 

Physical characteristics of the instrument are listed in 
Table 1-3. 

1-1
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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 following 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 (1 K-point) screen. Therefore, if 4K 
COMPRESS is selected to present the whole picture on­
screen at once, only 1 K 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 
slots to choose 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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Characteristics 

Table 1-1 

Electrical Characteristics 

General lnformation-2230 Operators 

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%. 

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

2 mV/div gain is set with the VOL TS/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%. 

STORE Mode gain set with the VOL TS/DIV switch set to 
5 mV/div. 

Storage Acquisition Vertical Resolution 8 bits, 25 levels per division. 10.24 divisions dynamic range. 

Range of VOL TS/DIV Variable Control Continuously variable between settings. Increases deflection tac-
tor by at least 2.5 to 1. 

Step Response (NON STORE) 

Rise Time 

0 ° c to +35 °C 

5 mV/div to 5 V/div 3.5 ns or less. 

2 mV/div 4.4 ns or less. 

+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/DIV x 1.6 
s s 

100 50 

PEAKDET or ACCPEAK with SMOOTH SEC/DIV x 1.6 SEC/DIV x 1.6 
s s 

50 25 

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

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

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

NON STORE Bandwidth (-3 dB) 

0°C to +35°C 

5 mV/div to 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. 

Measured with a vertically centered six-division reference signal, 
from a 50 n source driving a 50 n coaxial cable terminated in 50 n 
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. 

Useful Storage Performance 

RECORD, SCAN and ROLL Store Modes 

SAMPLE Acquisition, no AVERAGE Single Trace CHOP/ALT 

10 5 
5 µs/div to 5 s/div Hz Hz 

SEC/DIV SEC/DIV 

EXT EXT 
EXT CLOCK (up to 1 kHz) -- Hz -- Hz 

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 µs/div.) 
This yields a maximum amplitude uncertainty of 5%. Accuracy at 
the useful storage bandwidth limit is measured with respect to a 
six-division 50 kHz reference sine wave. 

PEAK DETECT Single Trace and ALT CHOP 

Sine-Wave Amplitude Capture 1 MHz 1 MHz 
(5% p-p maximum amplitude uncertainty) 

Pulse Width Amplitude Capture 100 ns SEC/DIV 
(50% p-p maximum amplitude uncertainty) 

50 
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Table 1-1 (cont) 

Characteristics Performance Requirements 

REPETITIVE Store Mode 

SAMPLE and AVERAGE Single Trace ALT 

0.05 µS/div 100 MHz (-3 dB)a 100 MHz (-3 dB)a 

0.1 µS/div 100 MHz (-3 dB)a 50 MHz (-3 dB) 

0.2 µs/div to 2 µs/div 10 5 
(5% maximum amplitude uncertainty) Hz Hz 

SEC/DIV SEC/DIV 

ACCPEAK 

0.05 µs/div to 5 s/div Same as NON STORE Bandwidth. 

AVERAGE Mode 

Sweep Limit Adjustable from 1 to 2047 or NO LIMIT. 

Weight of Last Acquisition 1/2, 1/4, 1/8, 1/16, 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 112n-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). 

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%. 

STORE Chop Rate 

SAMPLE 50/(SEC/DIV) for sweep speeds from 5 s per division to and 
including 10 µs per division. 

PEAK DETECT 25/(SEC/DIV) for sweep speeds from 5 s per division to and 
including 20 µs per division. 

5 µS/div through 0.05 µS/div No CHOP mode; acts as in ALT. 

AID Converter Linearity Monotonic with no missing codes. 

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

00ne-hundred MHz bandwidth is derated for temperature outside 0 °C to 35 ° C and at 2 mV/div VOLTS/DIV as for NON STORE. 
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General lnformation-2230 Operators 

Characteristics 

NON STORE Common-Mode Rejection Ratio 

(CMRR) 

Input Current 

Input Characteristics 

Resistance 

Capacitance 

Maximum Safe Input Voltage 
(CH 1 and CH 2) 

& DC and AC Coupled 

NON STORE Channel Isolation 

STORE Channel Isolation 

POSITION Control Range 

A/8 SWP SEP Control Range 
(NON STORE Mode Only) 

Trace Shift with VOL TS/DIV Switch Rotation 

Trace Shift as the VOL TS/DIV Variable Control is 
Rotated 

Trace Shift with INVERT 

1-6

Table 1-1 (cont) 

Performance Requirements 

At least 1 0 to 1 at 50 MHz. 

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

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

1 Mn ±2%. 

20 pF ±2 pF. 

See Figure 1-1 for maximum input voltage vs frequency derating 
curve. 

400 V (de + peak ac) or 800 V ac p-p at 1 0 kHz or less. 

Greater than 100 to 1 at 50 MHz. 

100 to 1 at 50 MHz. 

At least ± 11 divisions from graticule center. 

± 3.5 divisions or greater. 

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

1 division or less. 

1.5 divisions or less. 
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Table 1-1 (cont) 

Characteristics Performance Requirements 

TRIGGERING SYSTEM 

A Trigger Sensitivity 

P-P AUTO and NORM 10 MHz 60 MHz 100 MHz 

Internal 0.35 div 1.0 div 1.5 div 

External 40 mV 120 mV 150 mV 

External trigger signal from a 50 fl source driving a 50 fl coaxial 
cable terminated in 50 fl 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. 

TV LINE 

Internal 0.35 div. 

External 35 mV p-p. 

TV FIELD ;,, 1 division of composite sync. 

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 11. 400 V (de + peak ac) or 800 V ac p-p at 10 kHz or less. 

-- See Figure 1-1 for maximum input voltage vs frequency derating 
curve. 

Input Resistance 1 Mfl ±2%. 

Input Capacitance 20 pF ± 2.5 pF. 

AC Coupled Lower Cutoff Frequency 10 Hz or less at -3 dB. 

LEVEL Control Range 

A Trigger (NORM) 

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

EXT,DC At least ± 1.6 V, 3.2 V p-p. 

EXT, DC+10 At least ± 16 V, 32 V p-p. 

B Trigger (Internal) May be set at any point of the trace that can be displayed. 

VAR HOLDOFF Control Increases NON STORE A Sweep holdoff time by at least a factor 
(NON STORE Holdoff) of 10. 

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). 
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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 µs per division in a 1-2-5 sequence of 
22 steps.b 

B Sweep 50 ms per division to 0.05 µs per division in a 1-2-5 sequence of 
19 steps.b 

STORE Mode Ranges 

REPETITIVE 0.05 µs per division to 2 µs per division.c 

RECORD 5 µS per division to 50 ms per division.c 

ROLL/SCAN 0.1 s per division to 5 s per division (A sweep only).c 

NON STORE Accuracy Unmagnified Magnified 

+ 15 ° C to +35 ° C

0.5 s/div to 0.1 µs/div Within ±2% Within ±3% 

0.05 µS/div Within ±2% Within ±4% 

0 ° c to +50 ° C

0.5 s/div to 0.1 µs/div Within ±3% Within ±4% 

0.05 µS/div Within ±3% Within ±6% 

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 

0.5 s/div to 10 ns/div Within ± 0.1 division. 

5 ns/div Within ± 0.15 division. 

Linearity measured over any two of the center eight divisions. 
Exclude the first 40 ns and anything past the 100th division of the 
X10 magnified sweeps. 

Digital Sample Rate Single Trace CHOP/ALT 

SAMPLE 100 50 
(5 µs/div to 5 s/div) Hz Hz 

SEC/DIV SEC/DIV 

PEAKDET or ACCPEAK 10 MHz 10 MHz 
(20 µs/div to 5 s/div) (50% duty factor on each channel in CHOP) 

REPETITIVE Store 

0.05 µS/div to 1 µS/div 20 MHz 20 MHz 

2 µS/div 10 MHz 10 MHz. 

bThe X10 MAG control extends the maximum sweep speed to 5 ns per division. 

crhe X10 MAG control 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 

External Clock 

Input Frequency Up to 1 kHz. 

Digital Sample Rate 10 MHz in ACCPEAK and PEAKDET, otherwise it is equal to the 
input frequency. 

Store Rate One data pair for every second falling edge. 

Duty Cycle 10% or greater (100 µ,s minimum hold time). 

Ext Clock Logic Thresholds TTL compatible. 

Maximum Safe Input Voltage & 25 V (de + peak ac) or 25 V p-p ac at 1 kHz or less. 

Input Resistance >20 kn.

STORE Mode Dynamic Range 10.24 divisions. 

STORE Mode Resolution 

Acquisition Record Length 1024 or 4096 data points. 

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 Start of the 10th division will position past the center vertical grat-
(NON STORE) 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 Horizontal 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 1 K 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. 

Delay Time 

0.5 µ,s 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 µ,s per division. 

NON STORE Delay Jitter One part or less in 5,000 (0.02%) of the maximum available delay 
time. 
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General lnformation-2230 Operators 

Characteristics 

Delay Time Differential Measurement Accuracy 
(Runs After Delay only) 

+ 15 °C to +35° C

0° c to +50° C 

Table 1-1 (cont) 

Performance Requirements 

± 1 % of reading, ± 0.5% of full scale (10 div). 

± 2% of reading, ± 0.5% of full scale (10 div). 

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 µ.s per division. Accuracy applies over the 
8 DELAY TIME POSITION control range. 

DIGITAL STORAGE DISPLAY 

Vertical 

Resolution 10 bits (1 part in 1024). 

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 VOL TS/DIV switch set-
tings from 2 mV per division to 5 V per division. 

CONTINUE to SAVE Within ± 0.5 division at VOL TS/DIV switch settings from 2 mV per 
division to 5 V per division. 

SAVE Mode Expansion or Up to 10 times as determined by the remaining VOL TS/DIV 
Compression Range 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 ± 0.1 % of full scale. 
Algorithm Error 

Storage Display Compression + 0.16% of reading ± 0.4% of full scale.
Algorithm Error 

Horizontal 

Resolution 10 bits (1 part in 1024). 

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. 
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Table 1-1 (cont) 

Characteristics Performance Requirements 

DIGITAL READOUT DISPLAY 

CURSOR Accuracy 

Voltage Difference 

Time Difference 

RECORD or ROLL/SCAN 

SAMPLE or AVERAGE 

PEAKDET or ACCPEAK 

REPETITIVE 

SAMPLE or AVERAGE 

ACCPEAK 

Within ± 3% of the tN readout value. 

± 1 display interval. 

± 2 display intervals. 

±(2 display intervals + 0.5 ns). 

±(4 display intervals + 0.5 ns). 

A display interval is the time between two adjacent display points 
on a waveform. 

X-Y OPERATION (X1 MAGNIFICATION ONLY)

Deflection Factors Same as vertical deflection system with the VOL TS/DIV Variable 
controls in the CAL detent position. 

NON STORE Accuracy Measured with a de-coupled, five-division reference signal. 

X-Axis

+15 °C to +35 ° C Within ±3%. 

0° C to +50° C Within ±4%. 

Y-Axis Same as vertical deflection system. 

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 deflection system. 

NON STORE Phase Difference Between X-Axis ± 3 degrees or less from de to 150 kHz. 

and Y-Axis Amplifiers 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 5 
Store Modes Hz 

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. 

REPETITIVE Store SEC/DIV 
x4 

100 
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Characteristics 

Output Voltage on PRB ADJ Jack 

Probe Adjust Signal Repetition Rate 

Sensitivity (NON STORE Only) 

Maximum Input Voltage 

Input Resistance 

Line Voltage Range 

Line Frequency 

Maximum Power Consumption 

Line Fuse 

Primary Circuit Dielectric Requirement 

Display Area 

Standard Phosphor 

Nominal Accelerating Voltage 

Maximum Safe Applied Voltage, 
'I' Any Connector Pin � 

X and Y Plotter Outputs 

Pen Lift/Down 

Output Voltage Levels 

Series Resistance 

4.2 V Output 

GPIB Requirements 

RS-232-C Requirements 

Baud Rates 

Available Rates 

Accuracy 
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Table 1-1 (cont) 

Performance Requirements 

PROBE ADJUST 

0.5 V ±5%. 

1 kHz ±20%. 

Z-AXIS

5 V causes noticeable modulation. Positive-going input decreases 
intensity. 

Usable frequency range is de to 20 MHz. 

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

>10 k!1.

POWER SUPPLY 

90 Vac to 250 Vac. 

48 Hz to 440 Hz. 

85 watts (150 VA). 

2 A, 250 V, slow blow. 

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

CRT DISPLAY 

8 cm x 10 cm. 

P31. 

14 kV. 

X-Y PLOTTER OUTPUT

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

Fused relay contacts, 100 mA maximum. 

500 mV per division ± 10%. Center screen is O V ± 0.2 division. 

2 k!1 ±10%. 

4.2 V ± 10% through 2 k!1. 

GPIB OPTION 

Complies with ANSI/IEEE Standard 488-1978. 

RS-232-C OPTION 

Complies with EIA Standard RS-232-C. 

110, 300, 600, 1800, and 2400 baud. 

<1% error. 

REV MAY 1988 

--



Characteristics 

Environmental Requirements 

Temperature 

Operating 

Nonoperating 

Altitude 

Operating 

Nonoperating 

Humidity 

Operating and Nonoperating 

EMI (electromagnetic interference) 

Vibration 

Operating 

Shock 

Operating and Nonoperating 

General lnformation-2230 Operators 

Table 1-2 

Environmental Characteristics 

Performance Requirements 

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

Standard 062-

The instrument meets the following MIL-T-28800C requirements 
for Type 111, Class 5 equipment, except where noted otherwise. 

0°C to +50° C ( +32 ° F to + 122 ° F). 

-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. 

To 4,500 meters (15,000 feet). Maximum operating temperature 
decreases 1 ° C per 1,000 feet above 5,000 feet. 

To 15,000 meters (50,000 feet). 

5 cycles (120 hours) referenced to MIL-T-28800C para 4.5.5.1.2.2 
for Type 111, Class 5 instruments. Operating and nonoperating at 
95%, -5% to +0%, relative humidity. Operating, +30° C to 
+50° C; nonoperating, +30 °C to +60° C. 

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. 

15 minutes along each of three major axes at a total displacement 
of 0.015 inch p-p (2.4 g at 55 Hz) with frequency varied from 
10 Hz to 55 Hz 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. 

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

Weight 

With Power Cord, Cover, 
Probes, and Pouch 

With Power Cord Only 

Domestic Shipping Weight 

Height 

Width 

With Handle 

Without Handle 

Depth 

With Front Cover 

Without Front Cover 

With Handle Extended 

VOLTS 

(DC PLUS 

PEAK AC l 

400 

300 
1"-

Table 1-3 

Physical Characteristics 

Description 

See Figure 1-2 tor dimensional drawing. 

9.4 kg (20.7 lb). 

8.2 kg (18 lb). 

12.2 kg (26.9 lb). 

137 mm (5.4 in). 

362 mm (14.3 in). 

327 mm (12.9 in). 

445 mm (17.5 in). 

435 mm (17.1 in). 

510 mm (20.1 in). 

200 

100 

50 

20 

10 

10 KHz 50 KHz 1 00 KHz 

FREQUENCY 

500 KHz 1 MHz 

12.5V 

I 
100 MHz 

4207-28 

Figure 1-1. Maximum input voltage vs frequency derating curve for CH 1 OR X, CH 2 ORY, and EXT INPUT connectors. 
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Figure 1-2. Physical dimensions of the 2230 Oscilloscope. 
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Section 4-2230 Operators 

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 4-1 ). 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
VERTICAL 

GRATICULE
LINE 

,oo 

so 

Ol· • 

D 
ME 

RISE AN 
FALL Tl 

MEASUREMENT 
PERCENTAGE 

MARKERS 

CENTER 
VERTICAL 

GRATICULE
LINE 

11TH OR RIGHT
VERTICAL 

GRATICULE 

H 

UNY

CEN TER 
RIZ 0 ONTAL

GRATICULE 
LINE 

4207-09 

Figure 4-1. 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 1 OX 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 VOL TS/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 1 OX 
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 they 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 de 
voltage level 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. 

4-2

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 de level than that previ­
ously applied. This procedure becomes especially useful if 
the de-level difference is more than ten times the 
VOL TS/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 de level of the signal source. 

6. Set the AC-GND-DC switch to AC. A signal with a
large de component can now be vertically positioned within 

the graticule area, and the ac component of the signal can 
be measured in the normal manner. 
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