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This section contains information needed 10 properly use this magpaifto
service the 222A Digital Storage Oscilloscope, as well as general ifformation
critical to safe and effective servicing of this oscilloscope.

Before Servicing

This manual instructs qualified service persons on how to service the
222A Digital Storage Oscilloscope. To prevent injury 1o yourself or damage io
the oscilloscope, read the following sections before you attempt service:

m  Safety Summary found at the beginning of this manual
s Strategy for Servicing and Supplying Operating Power ir this section

When using this manual for servicing, be sure to heed all warnings, cautions,
and notes.

Strategy for
Servicing

Throughacut this manual, any field-replaceable component, assembly, or part
of this ascilloscope is referred to generically as a module.

This manual contains ali the information needed for periodic maintenance of
the 2224 Digital Storage Oscitloscope. (Examples of such information are
procedures for checking performance and for readjustment.} Further, it also
cantains all information for corrective maintenance.

All modules are listed in Section 8, Replaceable Electrical Parts and Sec-
tion 10, Replaceable Mecharnical Parts. To isolate a failure, use the fault
isolation procedures found in Section 6, Maintenance. To remove and replace
any module, follow the instructions in Rermoval and instailation Procedures,
also found in Section 6.

Manual Structure

This manual is divided into sections, such as Specification and Theory of
Operation. The sections are divided into subsections, such as Proguct De-
scription and General Operating Instructions.

Sections containing procedures also contain introductions to those proce-
dures. Be sure to read these introductions because they provide information
needed 1o do the service correctty and efficiently. The following is a brief
description of each manual section.

m  Specification — contains a product description of the 2224 Digital Storage
Oscllloscope and tables of the characieristics and descriptions that apply
to it.

222A Service Manual
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m  Operating Information — provides general infarmatien and operating
instructions at the level needed to safely power ug agtliservice this oscil-
loscope.

m  Theory of Operation — contains circuit descriptions that suppont general
service and fault isolation down to the module level.

m  Pegrformance Verification — contains a collection of proceduragfor cof-
firming that this Digital Storage Oscilioscope functions properly angd'megts
warranted [imits.

m  Adjustment Procedures — comains a collection of procedures for adjust;
ing the 222A 1o meet warranted limits.

m  Maintenance — contains information and procedures for doing preventive
and corrective maintenance on the 222A. Instructions for cleaning, module
removal and installation, and fault isolation to a module are found here.

m  Options — lists options and accessories for the 222A and contains infor-
mation on servicing any of the factory-instailed options that may be pres-
ent in your oscilloscope.

& flectrical Replaceable Parts — a table of all electrical replaceable pars.

m  [Djagrams — contains a collection of schematic diagrams, illustrations,
and troublesncoting charts useful for froubleshooting the 2224,

s Repiaceabfe Mechanical Parts — includes a table of all mechanical
replaceable parls and exptoded view illustrations that identify the parts.

Manual Conventions This manual uses certain conventions that you showid become famitiar with
before doing service.

Modules
Throughout this manual, any replaceable component, assembly, or part of this
2224 is referrad to generically a5 a module.

Safety

Symbots and terms related to safety appear in the Safety Summary found at
the beginning of this manual.

o Welcome



Symbols

Besides the symbals related 10 safety, this manual uses ne-failowing sym-
bols:

The “stop sign” icon lalzels information that must be readiin arder to
correctly do service and to avoid incorrect!ly using or applying Eensice
procedures.

@ The clock icon labels procedure steps that require a pause to wall foR
the cscilloscope to complete some operation before you can contin-

Le.
Finding Other The 2224 Digital Storage Oscilloscope comes with the following manuals:
Information The 2224 Digital Storage Qscilloscope Operator Manual contains a tutorial to

quickly show you how to operate the 222A Digital Storage Oscilloscope and
an in depth discussion of how to more compietely use its features. Applica-
tions and remote control via the RS-232 port are also discussed.

The 2224 Digitai Storage Oscilioscope Quick Reference Guide provides a
brief overview of how to use the major features and conirols of the 2224,

222A Service Manual Scans by ArtekMedia => 2010 i &
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4l I Safety’Summary

Please take a moment to review these satety precautions. They argprovided
for your protection and to prevent damage 1o the 222A Digital Storage
Oscilloscope. This safety information applies to all operators and servicg

personnel,
WARNING

To avoid possible personal injury or damage to the 2224, do not
apply mere than 400 V peak between probe tip and earth ground,
between probe lip and probe common, or between probe common
and earth ground.

WARNING

To avoid possibfe injury, use caution when working with voltages
above 42 V peak. Such voltages pose a shock hazard.

WARNING

To avoid possible infury or damage to the 222A or equipment con-
nected to it, do not fioat the external trigger cormmon connector, the
RS-232 communications port, or the external power input above
42V peak. These inputs are not efectiically isofated from each other,

WARNING

To avoid possible injury or damage to the 222A, use only Tektronix
P400 or P850 probes with this instrument. The use of other probes
can pose a shock hazard to you.

222A Service Manual
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Symbols and Terms

These two terms appear in manuals:

L] statements identify conditicns or practices that’ couldgesult in
damage te the equipment or other property,

x staternents identify conditions or practices that could#esuylt i
personal injury or loss of life.

These two ierms appear on equipment:

s CAUTION indicales a personal injury hazard not immediately accessible as
one reads the marking, or a hazard 1o property including the equipment
itself.

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

This symbol appears in manuals:

®

Static-Sensitive Devices

These symbols appear on equipment:

7 @ JAN

DANGER Protective ATTENTION
High Voltage ground {earth) Refer to
terminal manual

Specific Precautions

Observe all of the following precautions to ensure your personal safety and to
prevent damage to either the 222A or eguipment connected to il.

Do Not Perform Service While Alone

Do not perform Internal service or adjustrment of this product unless another
person capable of rendering first aid and resuscitation is presert.

Use Care When Servicing With Power On

Pangerous voltages exist at several peints in this product. To avoid personal
injury, do not touch exposed connections or componenis while power is on,
Disconnect power and remove the battery betore removing protective panels,
sotdering, or replacing components.

xviii
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Power Source

Tne 2224 is intended 1o use its self-contained sealed |ead aeidibatiery as a
power source. t also operates using power supplied to the gXternalpower
input. Power supplied 1o this input must be less than 28 VDC ©r 1asg than
18 VAC rms. Do not force either extemal power conductar negative byfmore
than 0.5 V with respect to chassis ground. Both conductors of the ekternal
power input are fused internaily.

You can aperate the instrumert on external power from a local 110 VAC
through 240 VAC power supply using the supplied External Power AC Adapier
Use only external power AC adapters specified for this instrumeant.

Grounding the Digital Storage Oscilloscope

The channet 1 and channel 2 measurement inputs of the 222A are doubly
insuiated from each other and all other accessible portions of the instrument
cabinet. It is not necessary to ground the instrument to avoid 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.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specitied in the parts list for your prod-
uct, and which is identical in type, vollage rating, and current rating.

Do Not Remove Covers or Panels

To avoid personal injury, do not operate the instrurment without a properly
assembled cabinetl. The cabinet of the instrument should be disassembled
onty by qualified service perscnnel.

Do Not Operate in Explosive Atmospheres

The 222A provides no explosion protection from static discharges or arcing
components. Do not operate the 222A in an atmospnere of explosive gasses.

Electric QOverload

Never apply a voltage to a probe or connector on the 222A that is outside the
range specified for that probe or connector.

222A Service Manual
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Voltage Measurements /

Do not measure power line voltages. Avoid connecti inputs to
power systems unless you are certain that all possible surgé voliages present

in the system added to the normal iine voltage waveform r ithin the
400 V peak input voltage rating of the inputs. ¢

Safety Summary

Ve
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/LI U L Product Déscription

This subsection begins with & general description of the traits otithg/Z22A Digi-
tal Storage Oscilloscope. Three subsections follow, one far each of threé
classes of traits: nominal traits, warranted characteristics, and typfcafchardce-
teristics.

General

The Tektronix 2224 Digital Storage Oscilloscope is a portable, two-channel
instrument designed for use in a variety of test and measurement applications
where external power is not available. Key features include:

= 1w fully isolated, independenty floatable channels rated to 400 VDG plus
peak AC

w light weight with a battery power source for field operations

8 an automatic set-up button

= adtomatic triggering modes

®m  averaging and enveloping acquisition modes

B remocte operation capabilities via the R5-232 communications pont

m  internal memory for saving up 1o four waveforms and four instrument
setups

a  DCto 10 MHz signal bandwidth
s 10 megasampies per second digitizing rate
s 1 MHz single pass storage bandwidth

m detachable probes

User Interface

This Digital Storage Oscilloscope uses a combination of front-panef buttons,
knabs, and cn-screen menus to control its many functions. The front-panel
controls are grouped according to function: vertical, horizontal, and trigger,
Within each group, any function likely to get adjusted often, such as vertical
positioning, or time base selting, is set directly Dy its own front-panel knob.

Menus

Those functions for which control setlings are usually changed less often,
such as vertical coupling and horizontal mode, are set indirectly. That is,
pressing one (sometimes two) front-panel button, such as AUX FUNCT,
disptays a menu of functions related to that button. Using the buttons beside

222A Service Manuat
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Product Description

select a funclion, such as coupling, displays a sgbmerniuef seitings for that
function, such as AC, DG, or GND (ground}). Use the betions to the right of the
menu to select a setting, such as DC.

Indicators

Several on-screen readouts help you keep track of the settings for varigls
functions, such as vertical and horizontal scale and trigger level. There is aisg
a readout to display the status of the battery.

Signal Acquisition
System

The signal acquisition systern provides two vertical channeis with calibrated
vertical scale factors from & mV to 50 V per division with the P400 1X probe
and from 50 mV to 200 V per division with the P850 10X prokbe. Both channels
can be acquired simultaneously.

Each of the two channels can be displayed, inverted and vertically positioned,
and can have their vertical coupling specified.

Besides the two channels, up to four stored wavetforms are available for
display.

Horizontal System

There are four horizontal display modes: normal, average, envelope, and
continuous envelope. In addition, you can position a waveform aiong the
horizontal axis to periorm measurements. The horizontal POS knob aliows you
to move a waveform 1o the left or right.

Normal acquisition mode presents a constantly updated waveform. Average
mode combines four wavetform acguisitions and then disptays the resuttant
waveform. Envelope mode captures the maximum and minimum points during
each sample period to create an envelope waveform, The continuous enve-
tope mode continues adding newly acgquired maximum and minimurn dafa to
the displayed envelope wavefonn until rese! with the INIT button or a setup
parameter {such as TIME/DIV) change.

Trigger System

The triggering system provides triggering from the either channel signal or
from the External Trigger input. Types of trigger signals recognized include:

m Internal: This familiar type of triggering is fully configurable for source,
slope, coupling, and mode. The selectabie modes are auto-lavel, auto-
baseline, normal, and single-sequence.

m  External: This riggering source provides slope, leve!, and the same
maodes as the intemal sources. The input signal may be up to 42V p-pin
amplitude. A fuse {not user accessible) protects the common input.

Scans by HHekRRARE- 2010 Specification
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Trigger System

The triggering system provides triggering from the chignpeéld or 2 signais or
from the BExternal Frigger input. Types of trigger signals‘ragagrized inciude:

r Internal; This famiiiar type of triggering is fully configurablegdor Source,
slope, coupling, and mode. The selectable modes are autalevel, atito-
baseline, normal, and single-seguence,

m  External: This triggering source provides slope, level, and the same
modes as the internal sources. The input signal may be up to 42 V ptp in
amplitude. Fuses {not user accessible) protect both the signal and com®
mon inputs,

You can choose where the trigger point is located within the acquired wave-
formn record by selecting the amount of pretrigger data displayed. The avail-
able presets are pre-rigger, mid-trigger and post-rigger.

Acquisition Control

Depending on your measurement requirements, you can specify the mode and
manner in which signals are acquired and processed:

= You select equivalent-time sampling on repetitive signals whenever you
set the SEC/DIV setting to less than 5 us/div. Equivalentdime sampling
increases the apparent sample rate for a waveform when you exceed the
maximum real-time rates.

»  The mode available for acquiring signals are peak-detect, high-resalution,
sample, envelope, and average.

m  The acquisttion can be set to stop after a single acquisition {or sequence
of acquisitions if acquiring in average or envelope modes).

Auto Setup

Auto Setup autcmatically sets up the Digital Storage Oscilloscope for a good
initial display of the input signal. The selected channel, with its vertical scaie
within a box, is vertically sized and the TIME/DIV is set to display one or more
periods. The oscilioscope selects auto-level trigger mode to ensure stabie
triggeting.

Storage and 1/O

You can save four acquired waveforms and four front-panel setups in nonvola-
tile reference (REF) memory. Any or all of the REF waveforms can be dis-
played far comparison with the currently acquired waveforms.

To save & waveform or a front-panel setting, you choose its source and desti-
nation. For example, you could save ihe channel 1 signal as REF1, REF2,
REF3, or REF4. You can also write reference waveforms iImto REF memory
locations using the RS-232-C interface.

222A Service Manual
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Display The 2224 Digital Storage Oscilloscope offers flexitla@isplay cptions. You can
customize the following attributes of your display.

®  Adjust intensity of the waveforms and readouts with a knob_omiiie rear
panal.

m  Set the style of the waveform display to be normal, averaged, gnveloped,
or continuously enveioped, which provides infinite persistence capability.

m  Select either XY or YT display format.

®  Adijust focus with a screwdriver adjustment on the rear pansl.

Magnification

The 222A provides an easy way 10 focus in on those waveform features you
wish ta examine up close. By pressing the X10 MAG control, you can magnify
the acquired waveform horizontally. You then use the horizontal POS knab to
move the waveform left or right 1o view the full extent of the magnified
wavetorm.

» ——
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This subsection containg a coilection of tables that tist the varioug nariinal
traits that describe the 2224 Digital Storage Osciltoscope. Included aré giéctri-
catl and mechanical traits.

Nominal traits are described using simple statemants of fact such as “Twe
full-featured” for the trait “Input Channels, Number of,” rather than in terrns of
limits that are perfarmance requirements.

Table 1-1: Nominal Traits — Vertical System

Name Description

Digitizers, Number of - Two, both identical

Digitized Bits, Number of 8 bits, 25 levels per division, 10.24 divisions of dynamic range
Input Channels, Number of Two fuli-featured (CH 1 and CH 2}

Input Coupling | bC, AC, GND or OFF

Maximum !nput Voitage, Probe Tip to 400 V {DC + peak AC); derate with increased freguency according to
Common Figure 1-1

Maximum Input Vollage, Probe Common 400 V (DC + peak AC); derate with increased freguency according to
to Chassis Figure 1-2

Maximum input Vollage, Between 800 v (DC + peak AC)

Channeis

Pulse Width, Minimum Detectable Envelope and Continuous Envelope Modes: 100 ns.

Range, Sensitivity, CH 1 and CH 2 1X probe: 5 mV/div to 50 V/div in a 1-2-5 setltings sequence

10X probe: 50 mvi/div 10 200 V/div in a 1-2-5 settings sequence

Single Shot Storage, Useful Bandwidih! - Normal Acquisition Mode:

5
SEC/DIV Seting Hz or 1 MHz, whichever is less

Envelope and Continucus Envelope Modes: 1 MHz

'Useful Storage bandwidth is limited to the frequency where there are 10 Display Sample/Sine Wave Signal period. At Sec/Div
Settings faster than 5 s/Div, Storage Bandwidths limited to 1 MHz max sampling rate.

222A Service Manual 1-5
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Figure 1-2: Maximurm Common-Mode Voltage Versus Frequency Derating Curve
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Table 1-2: Nomiral Traits -~ Horizontal System
Namteg Description
Range, Sample-Rate Time/Div Acquisition Mode  Sample-Ratg Range
5 usto 20 s/div Normal 50/ (sec/divy Samples/
sec
2 us/div Normal 5 MSamples/se@
50 ns to 1 us/div Normal 10 MSample/sec
20 ns 1o 20 s/div Envelope 10 MSample/sec
Range, Seconds/Division 50 ng/div o 20 s/div; the X10 MAG control extends the maximum
sweep speed 1o 5 ns/div
Record Length 612 points; 50 points per division
Table 1-3: Nomninal Traits — Triggering System

Name

Description

External Trigger Maximum Input Voit-
ags?!, Inpul to Cammon, Input to Earth
Ground, Common 1o Earth Ground

42V (BC + peak AG)

1The external trigger input is not intended for floating measurements beyond 42 volts peak.

Table 1-4: Nominal Traits — Display System

Name

Description

CRT Display Size

Display area of 6.4 cm (2.5 in) measured djagonally

Waveform Display Graticule

Single Graticule: 8 divisions high by 10 divisions wide, where divi-
sions are 0.5 cm by 0.5 cm (0.2 in by 0.2 in}

CRT Reflectivity

CRT filter shield has an anti-reflectance surface to aid viewing in high
ambient light conditions

222A Service Manual
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Table 1-5; Nominal Traits — Power System

Name

Description

Internal Battery, Type

Sealed lead-acid

External Fower, Input Voitage Range
Pinto Pin

DC: 1210 28 VDC
AC: 1610 20V AC, 47 Hz 10 400 Hz

External Power, Input Voltage Range
Efther Pin 1o EXT TRIG COM or R8-232-C
SGND (signal ground)

-0.5t0 28 V (DC + peak AC)

Table 1-6: Nominal Traits — Communications Interface

Name

Description

COMM PORT Interface, Type

Comrplies with RS-232-C specification

COMM PORT interiace, Baud Bates

300, 1200, 2400, and 9600

COMM PORT Interface, Signals

RD, TD, and SGND nomally used (configured as a BDCE device).
When the instrument is oif, a rising edge on DTR will turn instrument
power on.

Maximum Input Voltage, Any Pin

25V (DC + peak AC)

Table 1-7: Nominal Traits — Mechanical

Name

Description

Cooling Method

Conduction through cabinet walis. There are no cooling vents.

Construction Material

Cabinet/chassis parts constructed of plastic with the interal surface
coated with nickel base conductive paint for shielding; circuit boards
constructed of glass-laminate with predominantty surface mount com-
panents.

Finish Type Tektronix Blue cabinet with black synthetic rubber hand grips and
black viny! probe pouch.
Weight Without accessories

QOverall Dimensions

2 kg (4.4 {bs)
With accessories
2.72 kg (6.0 1bs)

Height: 86.4 mm (3.4 in)
Width: 159 mm {6.25 in), with handle.
Length: 252 mm (9.9 im)

Probe Length, Detachable

2.0 m (78.7 in), P400
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This subssction lists the various warranted characteristics hat degCribg ihe
2224 Digital Storage Oscilloscope. Included are electrical and enviggnmenial
characteristics.

Warranted characteristics are described in terms of quantifiable performange
timits which are warranted.

NOTE

In these tables, those warramted characteristics that are checked in
the procedure Performance Verification, found in Section 4, appear
in boldface type under the column Name.

As stated above, this subsection lists only warranted characteristics. A list of
typical characteristics starts on page 1-13.

Performance
Conditions

The electrical characteristics found in these tables of warrantec characteristics
apply when the scope has baen adjusted at an ambient temperaiure between
+15°C and +35°C and is operating at an ambient temperature within £5°C
of the temperature at which self-calibration was performed {unless otherwise
noted).

Table 1-8: Warranted Characteristics — Venrtical System

Name Description
Accuracy, DC Gain {+ 1510 +35°C) *49%, valigd when self cal performed within +5°C of ambient tem-
perature

ceuracy, DC Gain

*+5%, valid when self cal performed wilhin +5 C of ambient tem-

{Ambient Temperature -1510 +15°C perature

and + 3510 +55°C)

Analog Bandwidth, Repetitive Signall 5

SEC/DIV Setiing Hz or 10 MHz whichever is less

Balance, DC

+{.2 divisions maxirum trace shift between VOLTS/DIV settings,
valid when self cal performed within = 5°C of ambient temperature

Bailance, Invert

+ 0.4 divisions maximum trace shift between inverted and non-in-
verted displays, valid when self cal performed within = 5°C of am-
bient temperature

1Useful repetitive bandwidth is limited to the frequency at which 10 display samples are acquired for each sine wave petiod. For
example at 10 {1¢ per division the useful repetitive bandwidth is 500 kHz. At SEC/DIV settings faster than 0.5 [Ls/div, repetitive
bandwidth is limited to 10 MBz by the input amplifier.

2224 Service Manual
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Tahle 1-8: Warranted Characterlstics — Vertical System (Cont.)

Name

Description

input Current

2.5 nA maximum (0.5 divisions or less when switchifig between DC
and GND input coupling with VOLTS/DIV set at 5 mv/div.

Pulse Response Aberrations, Low
Frequency

+3% maximum {0.15 divisions with a 5 division signal digplayed)

Rise Time, Useful for Repetitive Signals

(SEC/OIV Setting)x1.6

2 or 35 ns, whichever s greater

Table 1-9: Warranted Characteristics — Horlzontal System

Name

Description

Accuracy, Displayed {X1)
Accuracy, Displayed (X10)

=+ 2% with X1 magnification
+ 5% with X10 magnification

Table 1-10: Warranted Characteristics — Triggering System

Name

Description

Jitter, Trigger

2 ps/div to 20 nsfdiv: 1/80 division £2 ns in X1 magnification
1/5 division =2 ns in X10 magnification

Sensitivity, CH 1 and CH 21

0.5 division p-p at 10 MHz

Sensitivity, Externat Trigger

250 mV p-p at 10 MHz

1The minimum sensitivity for obtaining a stable trigger. A stable trigger resuits in a uniform, regular display triggered on the selected
slope. The trlgger point must not switch between opposite slopes on the waveform, and the display must not “roll” across the screen
on successive acquisitions. The TRIG'D LED stays constantly Iit when the SEC/DIY setting 15 2 ms or faster but may flash when the

SEC/DIV setting is 10 ms or siower.

1-10

. Specification
Scans by ArtekMedia == 2010



Scans by Artekmedia == 2010
Warranted Characteristics

Table 1-11: Warranted Characteristics — Environmental, Safety, and Reliability

Name Deseription

Atmospherics Temperature:
-15°C 1o +55°C, operating; ~30°C to +70°C, non-ogerafing
Relative humidity:

0ta 95% {-5%, +0%), operating to +55°C; non-operating'ta
+80°C
Altitude;
Operating: to 15,000 ft. (4572 m);
Nonoperaling: to 50,000 ft. (15240 mj;

Maximum Operating Termperature cecreases 1°C/1000 /. adove
5000 T..

Dynamics : Vibration, Sinuscidal (Qperating and Nonoperating):
Meets or exceads MIL-T-28800D, Class Il
Shock, &0 g, half-sine, 11 ms duration:
Meets or exceeds MIL-T-285800D, Class I

Emissions, Electromagnetic Meets or exceeds the requirements of 1he following standards:
VDE 0871, Class B
FCC Rules and Regulations, Part 15, Subpart J, Class A

User-Misuse Simuiation Resistance 1o Electrostatic bischarge;

Meets or exceeds IEC 801-2 (15 kV maximum vulnerability test
level)

Resistance to Power line Misuse:
Meets or exceeds MIL-T-28800D

Resistance to Bench Handling (Operating and Nonoperating}:
Meets or exceeds MIL-T-28800D

Resistance to Mishandling During Bench Use {Operating and Nonop-
erating).

One 4-inch or balance point drop per cormer
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This subsection contains tables that lists the various typical chargctgfistics
that describe the 222A Digital Storage Oscilloscope.

Typical characteristics are described in terms of typical or average
perdormance. Typical characteristics are not warranted.,

This subsection lists only typical characieristics, A list of warranted character-
istics staris on page 1-9.

Table 1-12: Typical Characteristics — Vertical System

Name

Description

Common Mode Rejection Ratio
DC-100 kHz

60 dB minimum (P850 probe), 16001
80 dB minimum {P400 proke}, 10,000:1

Input Capacitance,
Commcn to Chassis

150 pF

Irput Capacitance
Frobe Tip to Common

X1 probe (P400): 30 pF
X10 probe {P850): 4.5 pF

input Resistance,
Probe Tip to Common

X1 probe: 1 M0
X10 probe: 10 MQ

Isolation, Common Mode

80 dB minimurm

DC-100 kHz

Isolation, Normal Mode 80 dB minimum, 10,000:1
DC-100 kHZ

Slew Rate, Maximum Common Mode 10,000 V/us

Range, Position, CH 1 and CH 2

=+ 12 divisions minimum

Range, Variable VOLTS/DIV

increases deflection factor by >250%

Pulse Response Abarrations, High Fre- 1 6%, -6%, or 6% p-p maximum

quency
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Table 1-13: Typical Characteristics — Horizontal System

Name Description

Accuracy, Sample Rate +0.01%

Position Control Range Either end of waveform can be positioned past the center vertigal
graticule line

Display Sweep Length 10.24 divisions

Pelay Between Channeis 5 ns maximum

Tabie 1-14: Typical Characteristics — Triggering System

Name Description
Input Capacitance, External Input 18 pF

Input Resistance, External input 1 MO

Trigger Level Range, External Input 20V
Trigger Level Range, Internal +20 divisions

Table 1-15: Typlcal Characteristics — Power System

Name Description

Battery, Charge Time Three hours for full charge with instrument turned off

Battery, Excessive Discharge Protection  Instrument operation autornaticaily interrupted when batiery voltage
drops t0 7.32 VDC

Battery, Minimum Operating Time 3 nours at 25°C

Battery, Capacity Over Operating -15°C: 80%

Temperature 25°C: 100%
55°C: 110%

Current, Demand 1 amp Max (when charging batiery)

Power Consumnption, Maximum 15 watts or 16 VA (maximum power demand occurs when charging the
battery)

1-14 ' Specification
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This section contains information about the 2224 power requirementsdhow to
connect and configure probes, the operating envircnment, and repackaging
instructions.

Supplying Operating
Power

You can supply power to the 222A from the internal battery or by connecting it
to external power. This section explains how to do both. It also explains how
to charge and change the battery when necessary. You will also find informa-
tion on the power requirements of the 2224, the External Power AC Adapter,
external supply voitages, general battery information, an aiternate battery-
charging method, and battery replacement.

Safety
Read the Safety Summary (preceding Section 1 of this manual) and this sub-
section before connecting the 2224 to a power source.

Connecting the Battery

The battery is charged at the factory, but the 2224 is shipped with the batiery
disconnected 1o prolong its shelf life. In order 10 use the battery for the first
time, you must connect it as shown in Figure 2-1. To do so, follow these steps.

| GLALTDLLAD ADD BAITERY
i -
T AT, [T 8.0, 214 4P GHRG,

Figure 2-1: Side View Without Bantery Cover

|:] Step 1: Place the oscilloscope on its left side as viewed from the front
panel.

El Step 2: Disconnect the probes (if they are connected) and remove them
from the probe pouch.

[___I Step 3: Slide the battery comparment cover and probe pouch toward the
rear of the instrument to unlock the locking tabs.

222A Service Manual
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Step 4: Lift the battery compariment cover afdaemove it. The instrument
now appears as shown in Figure 2-1.

Step 5: Connect the three-wire battery connectoftofthemins a: the rear of
the instrument. The orientation of the connector doés ngt matier.

Step 6: Replace the battery comparment cover. Pasition 18e/ coyeér lock-
ing tabs into the meatching slots in the battery compartment@iake sue the
locking tabs are all the way in the slots on both the top and the DOROMmf
the tabs don’t seat sasily, first seat the top tabs, and then press'on ghe
bottorm of the cover to seat the bottom tabs.

Step 7: Push forward on the rear of the battery compariment cover to iack
the tabs.

Step 8: Charge the battery for three hours as scon as possible. Use the
instructions beiow.

NOTE

The instrument is shipped from the factory with the battery charged.
Howevey, the state of the bartery charge at the time you receive the
instrument is unknown, Therefore, we recommend that you charge
the battery for three hours before operating the 222A for the first
lime.

Battery Operation

The 2224 comes supplied with a battery for use when portable operation is
necessary. In order 1o operate the 2224 from batlery power, ensure that the
battery is connected and then press the ON button.

Completely recharge the battery as soon as possible after each use of the
instrument under battery power.

NOTE

Even when the instrument is turned off, current trickles sfowly from
the battery. if the current drawn off in this way depletes the battery
below 7.32 V, the instrurnent cannot be started on battery power. If
this occurs, recharge the baitery immediatelfy.

Charging the Battery

Under the worst circumstances, the battery will need to be recharged after

three hours of aperation. Under better circumstances, it may need recharging
tess often. The battery will last longer, however, if you recharge the instrument
after each use.

2-2
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When the battery charge is low, a low-battery indi€atort=lappaars in the
upper right cormer of the display. If the battery voltage drops below 7.32 V, the
222A automatically furns itself off,

In erder to charge the battery, piug in the BExternal Fower AGAdapier as de-
scribed on page 2-6 and leave the instrument turned off for threghours.

NOTE

The 2224 battery recharges whenever it is plugged into external
power, However, the battery recharges laster when the 2224 is
turned off.

If the battery charge is very low, the 222A may have an unstabie display or it
may shut off soon after power up. In either case, charge the battery for at least
one hour before attempting o use the oscilloscope.

Charging the Battery Externally

You can charge the battery outside the instrument using the optional External
Batiery Charger accessory with the External Power AC Adapter. You can also
use any other charger that supplies 9.8 VDT at 20°C with the supply current
limited to 1 A. For best results in various temperatures, thermally compensate
the charging voltage by -10 my per degree C,

For example, at 50°C, the charging voitage should be
g80V + {(50-20) x ~10mV] = 9.50V

Time-out Feature

An automatic time-out feature prevents the battery from being discharged
when the instrument is unattenced for a long period. When the time-ouwt feature
i5 enabled, the 222A turns itself off after two minutes of operating under battery
power with no changes 1o the controls. You can turn the instrument on again
by pressing the ON button. The time-out feature does not operate when exter-
nal pcwer is applied.

You can disable the time-out feature so that the insrrument remains on indefi-
nizely under battery power, regardless of whether you change any settings. You
can aiso enable the time-out feature again when you wish. To do so, follow
these steps.

(] step 1: Press the AUX FUNCT bution on the top panel to display the
auxiliary functions menu. The display appears as shown in Figure 2-2.
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Figure 2-2: Selecting CONFIG from the AUX FUNCT Menu

[ step 2: Press the menu button alignad with the CONFIG menu ftem —
the third menu button from the top — 1o access the configuralion mend.
The display now appears as shown in Figure 2-3.

’ ™y
[~ Y )
r CONFIG: mi=i )
| BAUD )
MODEM ON LJ
!I FROBE i)
[ . ‘:52?; m
, |

\: /

Figure 2-3: CONFIG Submenu with TIME OUT Selected

(] step 3: The TIME OUT menu item appears boxed when the time-out
teature is enabled. To disable the time-out feature, press the top menu
bautton, the one thal is aligned with it. The TIME OUT item no longer
appears boxed, and the feature is disabled.

This menu itern is a toggle. Repeating this procedure re-enables the time-out
feature and boxes the menu item again.

|___| Step 4: To clear the menu from the display, press the bution labeted
CLEAR.

Replacing the Battery

If you use the instrument on batiery power often, you may wish to get and
charge extra batteries 10 take with you. Then, when the battery charge inside
the instrament gets low, you can switch to one of the fully charged spare
batteries.
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NOTE

Because saved data such as waveforms, front-pansf seftings, .or
configurations will be lost after 30 seconds (worst caSe)mithain
power, have the spare battery handy before beginning this procef
dure.

Ta replace the battery, follow these steps,

[:I Step 1: Open the battery compartiment as described in the procedure on
page 2-1.

Step 2: Disconnect the battery from the three-wire battery connector.

Step 3: Lift the battery pack out of the battery comparniment.

onaag

Step 4: Place the charged replacement battery into the battery com-
pantment with the battery leads on the botiom facing toward the three-wire
battery connector.

Step 5: Connect the battery to the three-wire battery connector.

Lt O

Step 6: Close the battery compartment as described in the procedure an
page 2-1.

|:] Step 7: Recharge the low batlery as soon as possibie. See the procedure
on page 2-3.

Storing the Instrument

When storing the instrument for a period shorter than two months, |zave the
battery inside it. When the instrument is tumed off, the cuirent drawn from the
battery is less than 1 mA.

With the batlery installed, waveforn settings and front panel setups remain
stored in memory, they are available when tha oscilloscope is turned on
again,

When storing the instrument for & period longer than two months, follow these
steps to extend the life of youwr battery and instrument.

D Step 1: Charge the battery fully (follow the instructions on page 2-2).

] Step 2: Remove the battery from the instrument (follow the instructions on
page 2-1).

[] step 3: Store the fully charged battery in a cool place.

Deep Discharge

LUinder cenain circumnstances, the battery can become deeply discharged.
When the battery is in this state, it accepts a charge very stowly; in some
cases, it may not accept a charge at all.

2224 Service Manual
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A deep discharge condition can be caused by thrge cefdilions:

® using the instrument untl] the battery charge is lowg@nd than,storing it
withaut recharging it

m storing the battery in a discharged state
m storing the instrument for over two months without removing thefbatteqy

If the battery becomes deeply discharged, you may be able to recover it with
the fallowing procedure,

D Step 1: Charge the battery for 24 hours as descrioed on page 2-2.

[] step 2: If the bettery does not retain the charge, remove it from the instru-
ment and ry again to charge it using a 20 V power supply that is current
lImited to 100 maA.

|:| Step 3: During this operation, check the power supply frequently for a
current-limited state. If the battery recovers from its state of deep dis-
charge, it will cause the power supply 1o current-limit. Do not leave the
battery connected to the aexternal power supply without checking it fre-
guently.

D Step 4: 1 the power supply shows that it is current-limited, reinstal! the
battery in the instrument.

D Step 5: Continue lo recharge the battery as described on page 2-2.

I:I Step &: If the battery does not recaver, dispase of it salely.

AC Line Operation

The 222A comes with an External Power AC Adapter. This adapter converts AC
line voltage to the 16-20 VAC input voltage that the instrument requires. When
used, it also recharges the 222A's battery.

You can operate the 2224 on external power when the baltery is not installed.
For instructions on removing the batiery, see page 2-5.

NOTE

in order to maintain the battery charge for times when portable
operation is required, we recommend that you use the External
Power AC Adapter whensver practical.

In order to operate the instrument from line power, follow these steps.

D Step 1: Plug the jack end of the External Power AC Adapter into the
exiernal power input on the rear panel of the instrument.

] step 2: Plug the prong end of the External Power AC Adapter into an AC
power source.

Figure 2-4 shows the External Power AC Adapter and the external power input.

2-6
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Figure 2-4: Rear Panel Connection of the External Power AC Adapter

{] Step 3: Press the ON button o tumn on the 222A. The Instrument beeps
when it is turned on.

When the oscilloscope is operating under external power, an external power
indicator ¥ appears in the upper right corner of ths display.

[ step 4: Press the same button again to tumn off the 222A when you are
finished.

Qther Sources of External Power

You can operate the 222A from your own external power source. The power
sgurce must supply at least 15 W or 16 volt-amperes within the following
fimits:

AN AC power source must provide 16-20 VAG at 47-400 Hz.
m A DC power source must provide 12-28 VDC.

The external power input connector has two contacts, DC power of efther
polarity can be supplied between contacts.

WARNING

To avoid possible Injury or damage to 222A or equipment connected
to It, do not floal the external trigger cormmon connector, the
RS5-232-C communications port, or the external power input above
42 V peak. These inputs are not efectrically isofated from each other.

222A Service Manual
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NOTE

To prevent internal fuses being blown, do not force gitfferpin fower
than 4 volt more negative than the instrument chassis¢ThadAastiu-
ment chassis is connected to the ground pin of the AS-232%¢0mmu-
nications port and 1o the external trigger connector cormmon.

Probes

To prevent improper operation and the risk of electric shock, use
onfy Tektronix P400 or PA50 probes with this instrument.

Actual probe attenuation factors are 3X for the P400 probe and 30X
far the P850 probe. The instrurment is calibrated to compensate for
these attenuation factors. Other probes or input devices will there-
fore give incorrect amplitude digplays.

WARNING

To avoid personal injury or damage to the 2224 or the probes, do
not apply more than 400 V peak between probe tip and earth
ground, between probe tip and probe common, or between probe
common and earth ground,

The P850 does not increase the 400 V (DC + pk AC) maximur input
rating of the 222A.

Connecting the Probes

The input connectors for the probes are inside the pouch over the battery
compartment, on the right side of the oscilloscope as you face the screen. You
must unzip or rermove the pouch to access the connectors.

2-8
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Probe Conneglors

Figure 2-5: Side View Showing Probe Connectors
(Pouch Removed)

To connect a probe, place its jack end into a channel input connector. Press
until you feel the probe is firmly seated.

You do not need o disconnect the probes before storing them in the pouch.

The exposed probe tips are sharp for probing through solder-resin
and axide fayers. When piacing the probes in the side pouch, store
them with the retractable hook fip attached 1o prevent unnecessary

damage o the pouch.

Configuring the Probes

To engure that the 222A is operating with the correct settings, configure the
instrument to match the probes you are using.

To set the probe configuration, follow these steps.

[} Step 1: Press the AUX FUNCT button on the top panet to display the
auxiliary functions menu, as shown in Figure 2-6.

222A Service Manual
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Figure 2-6: The Auxiliary Functions Menu

[} Step 2: Press the menu button next to the CONFIG menu item to access
the configuraticn menu. The display now appears as shown in Figure 2-7.

CONFiG:

TIME QUT
BALD
MODEM ON

PROBE

j

) B3

\

YL

|

S

i
Yy

Figure 2-7: The Configuration Menu

|:] Step 3: Press the menu button next 1o the PROBE menu item to access
the probe menu, as shown in Figure 2-8.

2-10
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Figure 2-8: The Probe Menu

|:| Step 4: Boxes appear around the items that represent the current probe

configuration. The default configuration for the 2224 assumes 1X probes
on both channels. Therefore, thase menu items appear boxed unless you
have already changed the probe configuration.

Press the menu button or butions next to the menu items corresponding to
the configuration you need. if the current probe settings are appropriate,
you need not press any buttons.

Step 5: After you have configured the 2224 for the correct probes, press
the CLEAR button to remove the menu from the disptay.

NOTE

The probe configurations are in the 2224 memory. They remain
there untif you chiange them again or untif the memory loses power.
if the probe configuration Is fost, it returns to the default value of
1Xprobes for both channels.

Repackaging for
Shipment

We recommend that you save the original carton and packing material in the
event it is necessary for the oscilloscope to be reshipped using a commercial
transport carrier. If the original materials are unfit or not available, then repack-
ags the instrument using ths following prccedure.

1.

Use a corrugated cardboard shipping carton with a test strength of at least
275 pounds and an inside dimension at least six inches greater than the
instrument dimensions.

Enclose the following information: owner's address, name and phone
number of a contact person, serial number of the instrument, reason for
returning, and a complete description of the sérvice required.

Disconnect the battery cable before shipping the oscilloscope.

222A Service Manual
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4. Completely wrap the instrument with polyethylgneghedling or equivalent
to protlect the outside finish and keep harmful substanges out of the
instrument.

5. Cushion the instrument on all sides with three inches of pa@diag material
or urethane foam, tightly packed between the carton and the instudment.

6. Seal the shipping carton with an industrial stapter or strappingtape.

7. Mark your return address on the shipping carton. Send the carton to the
following address.

Tekironix, Inc.
4108 N. Vancouver Ava.
Portiand, OR 97217

Attention: 200 Series Warranty Repair
NOTE

Most instruments will be returned within 24 hours of receipt at
Tektronix, inc.

Installed Options _ Your instrument may be equipped with ong or more instrument options, Al
options and optional accessories are listed and described in Section 7,
Options.
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This chapter describes the controls, connectors, and display readouls of the
222A Digital Storage Oscilloscape. 1t is intended to help orient yodand to
provide basic information. For more detailed operating instructions, see your
222A Digital Storage Qscilloscope Operator Manual,

Front Panel Controis The front panej for the 222A Digital Storage Oscilloscope appears as shown
in Figure 2-9.

- DIGITAL STORAGE
Taktronix 222A OSCILLOSCOFE

Figure 2-9: 222A Front Panel

1. The display area includes the screen and associated buttons. The screen
shows signal traces, readouls, and menu items. Buttons along the side of
the screen allow you to manipulate menus.

2. The verical controls allow you to manipulate the verticat aspects of your
signal.

3. The trigger controls allow you to manipulate the aspects of your signal
having to do with triggering.

4. The horizontal controls allow you to manipulate the horizontal aspects of
your signal.

5. AUTOQ SETUP ailows you to set up the instrument with the push of a single
button. Press this bution for a guick, informative disptay of any signai
between 20 Hz and 1 MHz.

222A Service Manual Scans by ArtekMedia == 2010 2-13



General Operating Instructions

Scans by Artekmedia == 2010

AUTOQ SETUP sets vertical scaling, horizontad scalifg, rigger mode 10
auto level and acquisition mode to NONSTOREFCatlpling wilt change
from OFF to DC, but AC coupling wili not change

6. The ON bution toggles the instrument on or off. The ingtrumertbeeps
when it is turned on.

Vertical Controls

Figure 2-10 shows the vertical conirols that are located on the front panal,

Figure 2-10: Venical Controls

1. The outer knob sets the volts per division, which is the verlical scale of
your display. Turn the knob clockwise 1o decrease the volts per division
and counterciackwise 1o increase the volts per division.

2. The inner knob sets the vertical position of the signal. Turn the knob
clockwise to move the signal towards the top of the screen and counter-
clockwise to move the signal towards the botiom of the screen.

Fress on this knab while rotating counterciockwise to change the size of a

signal to an arbitrary number of divisions. The waveform will be uncall-
brated untit you return the knob to its calibrated position. A beep will
sound when you reach the calibrated positicn.

3. The 222A can display signals acquired through either or both of its two

channels. The channel selector buttons aliow you to select the channel
that is affected by changes tc the controls. With these buttons you can
also select channe! coupling or turn a channel off so that the signal it is
measuring is not dispiayed.

Operating Information
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Trigger Controls

The trigger controts are on the front panel of the 222A Diglial’Storage
Oscilloscope. They appear as shown in Figure 2-11.

Figure 2-11: Trigger Controls

1. When you push the button labeled SLOPE, you togale between a positive-
and negative-trigger slope.

2. When you push the button labeled MODE, you invoke a menu that allows
you to specity the trigger mode. The trigger modse choices are NORM,
AUTOLVL {uses waveform midpoint), AUTOBL {free-running mode), or
8SEQ (single-trigger mode, rearmed by pressing INIT button).

3. Whnen you push the bution labeled SOURCE, you invoke a menu that
allows you to specify the trigger source. The source choices are VERT
{lowest channel number displayed), CH1, CH2, or EXT (the rear panel
external trigger input).

4. The light labeled TRIG'D tumns on when the instrument is triggerad.

5. The inner button, labeled AUTOLVL: PUSH, sets the trigger level automati-
cally. When you push it, it determines the peak vaiues and sets the trigger
ievel to the midpoint of the signal.

6. The outer knob sets the trigger level — the threshold voltage the signal
musl cross in order 1o trigger the instrumery. Turn it clockwise to raise the
frigger level; tum it counterclockwise to lower the trigger level,

222A Service Manuai Scans by ArtekMedia => 2010 2-15
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Horizontal Controls

The harizontal contrals are on the front panel of the 2224 DigilehStorage
Oscilloscope. They appear as shown in Figure 2-12.

Figure 2-12: Horizontat Controls

1. The outer knob sets the seconds per division. This is the horizontal scale
of your display. Turn the knob clockwise to decrease the seconds per
division; turn it counterclackwise to increase the seconds per division,

2. The inner knok sets the horizordal position of the signal. Tum the knob
clockwise to move the signal to the right. Turn it counterclockwise o move
the signal te the left.

Press this knob 1o magnify the signal by ten times. Press again {o return
to normal display.

The Display The 222A display shows wavetorrns that represent electrical signais. However,
it also shows twa other kinds of information —readouts and menus.

Readouis

Readouts are numeric or symbolic information associated with a signal.

The 222A displays readouts at three places on the screen: along the top,
along the bottorn, and slightly above the bottom.

Readouts along the top show information associated with the vertica! controls.
Readouts along the bottom show informetion associated with the trigger and
horizontal controis. The readouts just above them show information asso-
ciated with saved wavetorms,

Vertical Readouts — Figure 2-13 shows the verical readouts along the top of
the display. The readouts on the lefl refer to channe! 1, The readouts on the
right refer to channel 2.
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ARRSER

Figure 2-13: Vertical Readoutls

1. The > indicates that the waveform is uncalibrated. Pressing and tuming
the vertical POS knob produces this indicalor.

2. The ™ indicates AC coupling.
A A4 indicates ground coupling.
3. This is the chanre! 2 coupling. The = indicates DC coupling.

4. The box around the channe! information indicates that this channe! is
selecied.

5. This number is the voits per division for channel 2—its vertical scaling.

6. This numbar is ihe volts per division for channe 1.

NOTE

If either channel Is off, the volts-per-division nurmber is replaced by
an OFF,

7. The downward-pointing arrow incicates that the channel is inverted

Saved Waveform Readouts — Figure 2-14 shows the saved waveform
readouts above the bottomn of the display. The readouts refer 10 1the last saved
waveform displayed.

i 2.17
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NNy

— INIT

Figure 2-14: Saved Waveform Readouts

1. This indicates that the waveform is uncalibrated. This occurs when you
use the variable volis-per-division control.

This is the channe! coupling tor the saved waveform.
This is the seconds psr division setting for the saved wavefarm.

This is the volts per division setting for the saved waveform.,

o bk w P

This is the memory location to which the wavetorm was saved. In this
case, the wavetorm is saved in memory focation 1.

Trigger and Horizontal Readouts — Figure 2-15 shows the horizontal and
rigger readouts along the botiom of the display.
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Figure 2-15: Trigger and Horizontal Readouts

1. The second from the left readout is the trigger slope. A + indicates that
triggerirg occurs on arising edge. A - indicates that triggeing cccurs on
a falling edge.

2. The second from the right readout i3 the seconds per division —the hori-
zontal scale factor.

2-18 Operating Information



Geperal Operating Instructions

3. Atthe right is the magnification indicator.
4. The middle readout indicates that the instrument isfin sloresmods.

5. Atthe left is the trigger level in volts.

Menus and Menu Buttons

Menus are lists of choices that you can select in order to perform some ac-
tion, such as placing the instrument in XY mode or turning off the time-oLt
feature.

A number of buttons on the front and top panels of the 222A invoke menus
when pressed. When a menu is on tie dispiay, you can select one of its items
o perform an action. Figure 2-186 illustrates the parts of a menu.

’ \
( ) - 1
4 = [ NAME: CHOICE 1 ——4[:]
J croice 2 —={
: g CHOICE 3 ECJ 2
1 CHOICE 4 #-lk—@
= = D
)

Figure 2-16: Parts of a Menu

1. The button labeled CLEAR erases the menu from the display.

2. The menu buttons are next to the screen, along its right edge. Pressing the
button next to a menu item performs the action represented by that item.

3. The menu Hems appear along the right edge of the display. Up to four
items can appear on a menu. Each represents a possible action you can
perform.

4. The name of the menu appears at the top left of the display, followed by a
caolon.
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Top Panel Controls

The top panel for the 222A Digital Storage OscilloScope appears as snown in
Figure 2-17.
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458 WAVEFORM

& MODE |58
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Figure 2-17: 222A Top Panel

Pressing the RCL button invokes a menu that allows you to recalt saved
waveforms.

Pressing the STORE button places the instrument in store mods, which
displays traces between rare trigger events. In nonstore mode the screen
is blanked after 30 ms without a trigger. Pressing the store button again
takes the instrument out of store mode.

Pressing the ACG button invokes a menu that allows you to specify the
acqguisition moedeof the instrument. You can choose from four modes:

= normal
®m averaging (reduces random necise by averaging the last four traces)

= enveloping (displays the maximurm and minimum variations of a
signal)

s continuous enveloping (displays an envelope waveform for all fraces
until you press the INIT button)

Pressing the DISPL button invokes a menu that allows you to specify
whether 1o invert a channel, display signals in XY mode, or dispiay signal
readouts. Pressing a menu button toggles the function selection.

Pressing the AUX FUNCT button invekes a menu that allows you io
execute a variety of special functicns. In some cases, you may execute
itemms from two or three layers of menus.

2-20
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¥ ALIGN checks the dispiay alignment.

m  SELF CAL starts self-calibration routines for either channe! or the
extermnal trigger input.

®  You can enable or disable the time-out feature, set the balid rate,
activate the modem, or select different probe types.

& You can view the instrument identification and firmware versiop nurm:
ber.

6. Pressing the TRIG POS button invokes a menu that allows you to specify
the trigger position.

7. Pressing the SETUP button invokes a menu that aliows you to save or
recall front-panel setups.

8. Pressing the SAVE button inwokes a menu that aliows you to save wave-
forms,

Side Connectors The right side of the 2224 Digital Storage Oscilioscope appears as shown in
Figure 2-18.

SHEDALT AT TRY
FARAR ITh 1

Figure 2-18: Side of 222A, Storage Pouch Removed

1. This is the probe connector for channel 2.
2. This is the probe connector for channel 1.
3. This is the battery connection.

The 222A comes with an attached storage pouch. Store the probes in the
pauch when you are nat using them. You do not need 1o disconnect the
probes before you store them.
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Rear Panel Controls The rear pane! for the 2224 Digital Storage QOscillos€opé @ppears as shown in

and Connectors Figure 2-19.
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Figure 2-19: 2224 Rear Panel

1. This panel paints to the probe inputs on the instrument's side and indi-
cates the 222A maximum input voltage rating.

2. This is the RS-232-C cannection port for remote communications.

3. This is the instrument serial number. You will need i if you must aver
arrange 1o snhip the instrument back for maintenance.

4. This knob focuses the 222A screen. Insert a small screwdriver into the sict
and turn it to adjust ihe focus.

b. This knob varies the brightness of the 222A screen.

B. This is the external trigger common reference connector. To use a
grounded referance with your external trigger source, connect the refer-

ence signal here,
WARNING

To avoid possible injury, do not connect the trigger common refer-
ence input to voltages greater than 42 V peak. The trigger common
reference input is not insutated.
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7. This is the extemal rigger input connector. To usSe ap'external signél as a
trigger source, connect the extemal trigger signalderg’

WARNING

To avoid possible injury or damage to the 2224 or equipment cont
rected 10 It, do not float the external rigger common connector, the
R8-232 communications port, or the external power input above

42 V peak. These inputs are not efectrically isolated from each other.

8. This is the external power input. Connect the BExternal Power AC Adapter to
the input 1o run the instrument from line voltage.

The Tilt Stand The 222A Digital Starage Oscilloscope comes with & tiit stand so that you can
view the front-panef and screen more easily. The tilt stand folds under the
instrument when not in use. To use it, lift the instrurment and pul! the tilt stand
forward until the instrument rests on it

Figure 2-20: The 222A With Tilt Stand
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This section describes the electrical operation of the 2224 Digital Starage
Oscilioscope. First, an overview discussion, based cn the block diagramy
gives an overall view of the module design. It is followed by a detailed’Circlit
degcription based on the schematic diagrams in Section 8. These
descriptions, together with the roubleshooting information in Sections € and'Q,
enable a gualified technician with the appropriate test equipment to isnlate a
prob'em to the faulty component.

This section has three main parts:

® Logic Conventions describes how logic functions are discussed and
represented in this manual.

»  Module Overview describes circuit operation from a functional-circuit
block perspective.

= Detailed Circuit Description provides detailed information about the
222A Digital Storage Oscilloscope hardware with reference to the num-
bered schematics in Section 9.

Logic Conventions

The 222A Digital Storage Oscilloscope contains many digital logic circuits.
This manual refers 1o these circuits with standard logic symbals ang ternms.,
Unless otherwise stated all logic functions are described using the positive-
logic convention: the more positive of the two logic levels is the high (1) state,
and the more negative level is the low (0} state. Signal states may also be
described as "true” meaning their aclive staie or "false” meaning their non-ac-
tive state. The specific voltages that constitute a high or low state vary among
the glectronic devices,

Active-low signals are indicated by a tilde prefixed to the signal name (™ RE-
SET). Signal names are considered to be either active-high, active-tow, or to
have both active-high and aclive-.ow siates.

Module Overview

This module averview describes the basic operation of each functional circuit
block as shown in Figure 3-1.

General

The 222A Digital Storage Oscilloscope is a poriable, two-channel instrument
suitable for use in a variety of bench and field test applications. It has an
internal, rechargeable battery for portable operation.
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Figure 3-1: Simplified Block Diagram of the instrument
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Floating Acquisition System

An input signal is applied to the floating acquisition system whiéh is eiectrical-
ly isolated from the other functional blocks. There it is amplitied, oftset for
position and calibration, and limited to the dynamic range of {heA/B converer.
The signal is then digitized and stored in acquisition memory.

An internal trigger signal is derived from the input signal. The triggér signal
starts events in the time base that cause the acquisition of the input signal ta
be completed. Acquisition is the conversion of the input signal to a series,of
digital values and the storing of those values in memory.

Time Base

The time base produces ali acquisition ciock signals needed to drive the
acquisition system. Prefill and postfill sample point counters and a time inter-
poiator determine ihe correct location of the trigger point in the waveform
record. And the External Trigger signal, when selected, is monitored for correct
slope and level.

Microprocessor System

The microprocessor system controls all instrument functions. It transfers the

digital waveform data from acquisition memaory to the display memory. That

data can then be displayed or stored in memory for later recall and viewing.

The microprocessor system scans the front-panel and top-panel switches to
determing when the user presses a button. It also controls the time base, the
acguisition system, and the power supplies. An RS-232-C compatible senal

port provides the processor systermn with an interface to external communica-
tion devices. Waveform data may be sent or received over the interface, and
the control settings of the instrument may be changed or queried.

Display System

In the dispiay system the digitai waveform data are converted back 10 analog
signals. These analog points are cannected by the vector generator ta provide
a continuous waveform display. The waveform is amplified and appiied to the
CRT deflection plate. Settings, status, and menu information is added to the
wavetorm data for display.

Power Supply

Either the internal bat:ery or the external wall fransformer can supply the valt-
age for the power supplies. A battery charger circuil supplies charging current
10 ihe battery whenaver external power is applied o the instrument. The
external power can run the instrument with or without the battery installed.
Seperate supply circults provide power for the CRT, the fioating acquisition
systems, anc the remaining digital circuitry of the instrument.
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Acquisition
System A1

The acquisition system contains two complete, isQlaied vertical channels {see
Figure 3-2). Each channe! has its own attenuator, amplifier trigger circuit, A/D
converter, peak detector, acguisition memory, and isolated pegwer supply. The
channe! grounds are isolated from each cther and from instrugaent ground.
Since the CH 1 and CH 2 circuits are similar only CH 1 is descriited.

Power and data and clock signals pass through pulse transformers to enstire
complete isolation of each channel from the rest of the 222A system. SOM1is
the commen ground for the CH 1 acquisition systerm as COM2 is for CH 2.

Acquisition Hybrids

The hybrid circuit AT110 contains the sample-and-hold attenuator, amplifier,
and trigger circuit. The input signal from the probe connects with a Peltola
connactor directty onta the hyhrid.

Control signals from U130 @ switch latching relays that select X10 and X160

passive attenuators on the hybrid. The atienuators are matched to the avail-
able probes so0 no probe compensation is needed. The relays also select AC,
DC, or OFF coupling. In OFF mode, the signal input is opened and the amplifi-
er input is grounded.

The preamnplfier has a FET input for high impedance. DC differential signals
GAINT =+ and GAIN1- set the gain. Signal GAINSW1, when high (2.4 V)
boosts the gain for 5 mV and 10 mV/division sensitivity. The inverting input
sees a DC level that is the passive sum of the selected offset level and VREF,
VREF is a precision 2.5 vott reference from U101, A different DC level drives
this input during self calibration. The DC signal POS1 (0 to -2.44 V) sets the
signat position on screen. The amplifier has a jow output impedance matched
to the D/A converter U111, A limiting stage keeps the output swing to 2.5 volts.
The -VREF1/2 signal centers the output for the D/A converter.

The preamplifier drives a trigger circuit on the hybrid. The trigger circuit outputs
a differential trigger pulse (TRIG-1, TRIG + 1}. The TRIGLVL1 (0 to -2.44 V)
signal sets the trigger level. The SLOPE1 signal (CMOS) sets the trigger slope
to positive when <<0.5 V and negative when >=2.4 .

Control |C U120<2> produces control signals for the AT110 hybrid and A/D
converter directly and by setting the digital-to-analog converters (DAC) U131 -
J133 1o produce specific DC voltages. A DAC input of hexadecimal FFF
(FFFie) produces —2.5 V while an input of 00016 produces 0 V. U101 provides a
reset signal (™ BST1) that delays the start up of U120 by 1 ms. U134 drives the
hybrid gain stages directly with a differential signal. The 0 point is the offset
value 8001s.
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A/D Converter

A/D converter U111 converts signa!l output from the AT10,amplifier into 8-bit
data words. The 10 MHz sample clock SMPLCLK1 sets thefConyergion rate
which is not changed with changes 1o the time/division settifg.qolprovide
lower sampiing rates, data words are stored in the acquisition memgfy at the
SAVE clock rate which varies with the time/division setting. The CH 1 digital
samples are sent on data lines CH1D0-CH1D7 to the acquisition contral 1G
U120.

Acquisition Control and Memory &x5>

U120 controls the acquisttion cycle, sets controf voltages for the acquisition
hybrid and puts sample data into memory. U120 is programmed with serial
data on VSDATA1 clocked by the CPU generated SCLK1 (serial data clock).
Acquisition memery is a first-in-first-out (FIFO) system. The length of the FIFO
memory is 512 byles, In the normal sample mode, data bytas are stored in
acquisition memory at the 10 MHz sample clock rate. In peak and envelope
modes, samples are saved internally in either a MIN or MAX register. At the
next SAVE clock (which changes with the time/division setting) both the MIN
and MAX data bytes are sent to memory on consecutive sample clocks. When
SAVE is high, FIFOWR (FIFO memory write} follows SMPLCLK1 to save sam-
ple data in memory. At time base settings above 5 us/div, FIFOWR {ollows the
SAVE clock rate. When memory is full, the read signal FIFORD (FIFC memory
read) will follow FIFOWR to provide room for new samples, When ail samples
are acquired for a waveform, data will be sent to display memory through
U142,

Shift register U142 converts acquisition memory data to.a serial bit stream for
transfer to display memory. When acquisition is complete, SAVE will go low
and FIFORD will begin going low after every eight SCLK transitions. Inverted
SCLK, ™ SCLK shifts the bits out U142 and through Isolation transformer
T100A. The serial data signal CH1DATA, out of U143B, is sent to display
memory on the AZ CPU/Display board.

Isolation Interface

Puise transformers and optical isolators isclate the contro! signals SAVE,
SAMPLE, S1.0OAD, VSDATA, and VSCLK from the A3 Main board. Pulse trans-
formers provide isolation and common mode rejection for each acquisition
channel from the rest of the system. The pulse transformers have windings
buitt into the A1 Acquisition board. Core pieces fit through the board and are
compietad with cap pieces. The core and cap, which are hald logether with
metal clips, must have a tight fit to work properly. Digital signal pulses appear
as 10 ms pulses =100 mV) on the transforrrer secondary. The schmidi-frigger
amplifiers reconstruct the digital signal. SLOAD is optically coupied on the A3
Main board. :
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Circuit Description

Motor Trigger &>

The motor trigger circuit provides a stable trigger from moier power systems.
Positive trigger putses decoded by U143 cause C148& t0 chargesDuring the
negative power pulses seen in a motor circuit, the charge drainsthrough R147
in 2.25 ms, while high MOTTRIG keeps the time base from acce@ing tHagers.
Hence, all but the first positive pulse is ignored.

CPU/Display
System A2

The A2 CPU/Display boarc contains the microprocessor system and the
display system as shown in Figure 3-1. The microprocessor system controls
all instrument functions. It recelves instructions from the front panel and
RS-232-C interface and sets the instrument for the requested function. The
display systemn combines waveform data with status text and graphics to
generate the X and Y vector signals that drive the raster display,

Microprocessor A2 &

The microprocessor system consists of a microcontrotler (CPUY, pregram
memory (EEPROM), programmable timers, address and data butfers, and an
RS-232-C interface (see Figure 3-3}.

U201 is an 8-bit CPU with built-in RAM, ROM, EEPROM, timers, A/D convertar,
and serial and paralle! porie. The dedicated address bus AQ-A15 outpuis
addresses for the ROM, display RAM, the address decoders, and external
timers. The B port (PB0-PB7) provides the A8-A15 address bits. The C port is
an address/data bus that provides addresses AQ-A7 and data B0-D7. The
inernal A/D converter encodes the front panel potentiometer settings and
monitors the battery voltage lavel.

The 8 MHz, crystal-controlled oscillater Y201 and a coupled ascillator within
U201, time all processar and display functions. They are not synchronized to
the 20 MHz time-base oscillator,

External EEPRCM U221 and U213 provide 64 kilobytes of program memaory.
The internal ROM of the microprocessor contains diagnostic routines used to
check out the external devices on the bus when the EEPRCMs cannot be
accessed. To program the EEPROMs use the Firmware Kit listed in Optional
Accessorfes under Options, Section 7.

The CPU sends control data that sets gain, attenuation, and time base multi-
plexing to the display system, the acquisition system, the front panel, and the
acquisition control atch. The display system only accepis serial data when its
select line DSPEND.is high. The front panel, acquisition controi {atch, and the
acquisition sysiermn contain latches that are strobed so that only the desired
latch is loaded and only the serial data needed for a chosen latch Is sent.
U222 selects a serial data source for the CPU MOSQO input. Sources are
channel data, front panel data and the display system (XYDATA from U251).

Shorting pins 5 and 6 of TP200 will reset the microprocessor.
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COMM PORT — Tre CPU has an asynchronousiCommuniications port that
suppaorts an RS-232-C interface. The available baud Tate& are 300, 120G, 2400,
and 9600 (960G is the default). Pins 20 and 21 on U201 aglasMata reed and
write lines buffered through level shifter U217, U217 converd$§ the.8MOS levels
output by the CPU 1o level shifted = 6 V signats to conform with the RS£232-C
standard. The RS-232 COMM PORT pin assignment conforms to ghatfof the
IBM® AT PC. {See the Performance Check for information on the pin assign-
ments.) The COMM PORT is configured as a DTE (modem) device wittra
female connector. This allows direct connection ta an [BM AT (or compatible]
when using the adapter cable described in Optional Accessories under Op-
tions, Section 7. If the display system fails, the diagnostic software will send
error messages 1o a connected terminal or host computer.

Display Memary — The GPU uses the iower 4 kbytes of display mermory,
which is implemented as an external 32K by 8 bit static CMOS RAM (U255},
for system variables. The CPU also writes current waveform data, reference
waveforms and front panel settings to display memory. The CPU reads data
from the RAM for seflings or waveforrn data for transmission over the R5-232-C
imerface. The CPU access to this RAM is interleaved with the Display Control-
ler U251 on opposite phases of the E clock. When E is high, the CPU controls
the RAM output enabie. Display memory is discussed further under the Dis-
play discussion on page 3-10.

External Timers — In addition to the timers internal to the CPU, there are six
external ones contained within U216 and U218. These timers, when selected
by U251, are Ioaded by a CPU write cycle. The three cournters in each IC are
labeled OUTO, OUT1, and QUT2. Their purposes are as follows:

m  Save Clock (U216-0UTO). Generates the clock signal <10 MHz, which is
used to generate the SAVE clock for sampie rates <10 MHz.

m  Blanking Counter {U216-0UT1). Counts the number of starting vectors to
be blanked. This provides a part of the horizontal positioning system.

= Vector Counter {U21 6—OU'T2)A Counts the total number of vectors to be
displayed.

e Prefill Counter {U218-0UTD). Counts the number of data points prior to the
trigger.

s Record Counter (U218-0UT1). Counts the number of data points after the
trigger.

m  Clock Delay Counter (U218-0UT2). Counts the time for C305 to discharge
to 0.

Front Panel — The front panel consists of a switch matrix, three potentiome-
ters, two shaft encoders, and an LED. All controls on the front pane! are routed
through the processor. With the exception of the three potentiometers, the front
panel is interrupt driven and is only serviced when a condral is moved or a
bution is pressed. Data is sent and received serially to keep the number of
interconnections between the processor and the front panel to & minimum.
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The front-panel and top-panel Keypads are encoded usifg the same switch
matrix. When one of the buttons is pressed, an interngpt igfgen! to the proces-
sor. The processor then latches the row data from the switChan@trix and proc-
esses it to determine if a switch in that raw was pressed."Eagh row,is
processed in tun to determine which switch was pressed.

Shaft Encoders — The volis-per-division and seconds-per-divisiof shatt
encoders are 16-position devices that produce a quadrature (gray codg)y2-hit
output. Each pasition change causes only one of the two bits to change
states. This change is sensed and an interrupt is sent to the processor. OR,an
interrupt, the processaor latches the enceder's outputs, and then processes
that information against the previous settings to determine the direction and
amount of shaft rotation.

Display System A2 &> &

The display systemn consists of the display memory, the display controlter,

X and Y vector generators, and the CRT drivers {see Figure 3-4). The display
memary holds the current acguired waveform as 512 16 bil werds, The upper 8
bits ars wavetform data while the [ower 8 bits are either character information
or X data when an XY waveform is displayed. The least significant bit of the X
data is used as a blanking bit in character mode.

information to be displayed is stored in display memory by the CPU during
one phase of the E {enabling) clock. During a display cycle {the alternate
phase of the E clock}, the Display Confrolier U251 reads data frarm memory
and transfers it to U263, a dual 8-bit digital-io-analog converter (DAG). The
analog output from the DAC drives the X- and Y-axis circuits. When displaying
waveform data, the X-axis is driven by a simple single-speed sweep genera-
for,

During a memory write cycle, the processor stores newly acquired waveform
data in preparation for the next disglay cycls.

Display Controlier — The dispiay controller U251 consists of a state ma-
chine, display address counter, vector counter, and a blanking counier. It also
iatches the lower address lines on he faliing edge of the address strobe AS.
The state machine produces read and write signals for display memory U255.
An internal courter generates memory addresses by incrementing from a CPU
supplied starting address. It also conirols the sweep generators, vector gen-
erators, and CRT blanking in ths U218 timer.

The CPU loads control data serially ta the cisplay controller on line 8O when
DSPEND is high. The CPU can read the status of the display controfler on the
XY data tine.

The vector counter (U216, Pin 20) keeps track of the number of vectors dis-
played. When the pre-loaded count for a disptay is reached, il resets the
display state machine and drives DSPEND high. The blanking counter can
extend the initial blanking period by a number of vector periods. The effects of
the blanking counter combined with moving the starting address of the display
address counter provides horizontal positioning of the wavefonn on the CRT.
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The Digplay Memory is a static 32K by 8-bit RAM whiciis grganized as 512
16-bit words. When displaying a waveform, the 18-bit' wgtd'contains wavetorm
data only and just the upper (even)} byte is displayed. In XYafigde and when
displaying characters, the 16-bit word contains Y data in thgftpperByte and X
or character data in the lower byte. The least significant bit ofinaX'data is
used as a blanking bit in character mode.

Vector Generator <:> — The X- and Y-vector generatars are identigal. They
hoth produce a range of output voltages from 0 to 3.2 V. These voltages
correspond to 10.24 divisions of calibrated deflection (X and Y). A description
of the Y vector generator through a typical cperation cycle follows.

Potentiometers — The three potentiometers are scanned by the proces-
sor's internal 8-bit A/D converter. Their voltage culputs are compared with
previously digitized values 10 determine if a new level setting has been made.

Latch U257 latches the Y data {even byte) when ™ DACWR is low {true) and
the E line goes low. The latched data is converted by DAC U263 to an analog
value, The first data point is loaded twice to give the vector generator time to
reach the waveform starting point. In the XY mode, two ™~ DACWR puises are
sent to load the Y and X DACs. Output curent from the DAG is converted 1o a
voitage signal by U264B and applied to differentiat ampiifier U265. The signal
~VUPDATE enables the ¥ and X sampie and hold circuits by closing switches
U270A and U270D.

For typical sweep disptays the signal SWPRUN goes high on the second
vector, which allows C280 to charge from -VREF. This produces the harizontal
sweep ramp. U266A selects the sweep ramp when line XY is low.

The differential amplifier U266A produces an output signat that is the differ-
ence between the present DAC output (next display position) and the previous
analog value (present display position). This difference signal is integrated to
produce a vector that witl cause a straight line to be drawn between the two
points. The vector generator is bypassed in dot display mode and the CRT is
blanked between dot displays.

Sweep Generator — Only a single sweep speed is needad when the
display is being updated. The sweep generator produces a 500 volts-per-
second ramp during sweep periods.
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Main Board A3

The A3 Main board contains the floating acquisition gowerSupplies, the
battery charger circuit, and the time base.

Acquisition Power Supply >

The acquisition power supplies are decoupled from the other system supplies
by transformer T301. kach channe! is rectified and filtered separately {0 pio-
duce a 5.3 V supply. PRIDRIVE+ and PRIDRIVE- are taken from the secogd-
ary of the main transformer on the Power Supply board. The CPU signal VERT
is optically decoupled for each input channet. This becomes the acquisition
memory corntrol signal SLOAD.

Battery Charger Regulator &>

The battery charger circult {see Figure 3-8) is a switching power supply that
accepts 11 to 28 V external power {AC or DC). It produces a battery charging
voltage of 9.8 V. When external power is not applied, the battery supplies the
operating power.

The standard 222A external transformer converts AG power from the main
supply to approximately 18 VAC. The external power is applied to an input
bridge rectifier via line filters and two 2.5 A line fuses {F301 and F302). The
rectified input is filtered by a large capacitor and appiied to the battery charger
switching transformer and a pulse-width-modulator reguiator device U318.

The regulator centrols the switching FET Q307. Feedback from the output of
he battery charger rectifier controls the width of the switching pulses to the
FET to maintain a constant cutput voltage to charge the batlery and to drive
the Power Supply board. Switching current is monitored by the aver-current
sensing resistor R338. The sensing circuit shuts down the switching supply if
current exceeds the design limit.

Secondary voitage from the switching transformer is rectified and filtered {0
praduce the charging and operating power for the instrument,

222A Service Manual
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Figure 3-5. Battery Charger Block Diagram

Time Base

All acauisition clock signals are derived from the free-running 20 MHz master
oscitlator U300, See Figure 3-6. U331 and U302 form an acguisition control
register which is loaded over the serial bus by the CPU. i selects the trigger
source, the SAVE clock source, and controls the output of U300. CLKO-CLK2
should all be low for a 20 MHz clock output. U304 halves the osciliator fre-
quency 1o produce the 10 MHz clock SAMPLE, which clocks the acquisition
system A/D converters.

1310 has three clock sources, which can be selected for the SAVE clock and
the DLYCLK. One source, developed by U3054A, U315A and U305B, reduces
the pulse width of the < 10MHZ signal to that of the SAMPLE clock, The other
active input is a 5 MHz clock aut of U304B, The third source is +5 V for SAVE
and GND for DLYCLK, The DLYCLK clocks the prefill and postfill counters in
U218 on the CPU/DISPLAY board.,
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Figure 3-6: Time Base Block Diagram

The pre-fill counter (A2, U218, Pin 12) determines when encugh pretrigger
waveform data has been acquired and sets the ARM signal. Then the trigger
circuit U308 is enabled to accept a trigger event. When the trigger occuwrs, the
remaining data points needed fo fill the waveform record are acquired. The
record or post-fill counter determines when those data points have been
acquired and then halts the acquisition system with the ACQHLT signal. An
interrupt to the CPU indicates that a complete waveform record is ready in the
acquisition memory.

The clock delay circuit (U303, U306, U307, U308, U311, U313, and U3*4) is
used during repetitive store mode. The time difference between the trigger
event and the rising edge of the sample clock s measured so that repetitive
samples taken on different friggers may be correcily placed in the waveform
record. The resclution of the clock delay timer is 0.5 ns. C302 charges during
the time between a frigger and the next SAMPLE clock. Then the time reguired
to discharge C302 at a calibrated rate is measured and used to calculate the
correct placement of the trigger.

TRGSRCO and TRGSRCT select the trigger source. When TRGSRC1 is low, the
external trigger is selected. A high on TRGSRCO selects negative siope and a
low selects positive slope. When TRGSRC1 is high, TRGSRCO low selects
AUTO triggering and TRGSRCO high selects the enabled input channel frigger,
The trigger comparator U308 is used to produce the actual trigger event from
the applied signais. For operation on intemal trigger signals, the Schmitt
trigger circuit is used to aliow the signal to return to zero without producing a
false trigger signal.
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Power Supply
Board A4

The A4 Power Supply board produces the main digitdl agtianalog circuit
vcltage supplies. The supplies are regulated and tempgeratureseompensated
for reliable cperation over the full operating range of thef@22Z24&" The A4 board
alsc contains the horizontal and vertical deflection amplifigrsand the high-val-
tage control circuits for the CRT. Voltages up to 1600 V are devaloped frcm
the nominal 8 V battery or battery charger circuit.

Low Voltage Supply &>

DC power from either the 8 V battery or the 7.3 t0 9.8 V from the battery
charger circuit powers the center-tapped switching transformer T402. See
Figure 3-7. When the applied voltage is high enough, the CPU se's the DIS-
PLYE signal high to enable the power ling BATT through Q403 and Q404.
While operating on bhattery power, the automatic time out will shut down the
power supply after two minutes of no front pane! activity. Pressing a front-
panel button will reactivate the low voltage supply. Alsa, the power supply wiil
shut down if the battery discharges to the point where its voltage drops below
7.32 volts.

U401 is a pulse-width modulator device that drives the switching FETs. The
FETs are turned on for shorter or longer durations depending on the feed back
signal appiied to Pin 13. ADC 800 V feedback line from the T401 secondary,
through CR410, is reduced by series resistors and summed with VREF (5 V) 0

produce 0V at Pin 2.

D0 NOT disconnect the feedback loop to U407 Pin 13 as this coufd
damage the instrument.

The switching FETs drive T402 through series transtormer T401, R438 will
detect excess current flow and limit the pulses to the switching FETs. T402 has
two secondary windings. One winding supplies iow AC voltage to the CRT
heater filament. The other multi-tapped winding supplies voltages that are
rectified and filtered to produce two rectified 5 V supplies (vCC and DVCC),

+6.7 (AVCC), -6.7 (VEE), 120 V, 800 V 2> and - 1600 V 2>

High Voltage Power Supply &>

The 800 V and -1600 V voliage for the CRT is developed by a voitage muiti-
plier circuit consisting of CR418, CR419, CR420, CR422, and associated
capacitors and resistors. The negative 1600 V is applied to the GRID through
Intensity adjustment R413. Focus voltage is tappad off of Focus adjustment
R415, which is tied to the 800 V supply and a resistive divider network, The
Astigmatism adjustment R424 controls Q406 to control X and Y axes conver-
gence.

. Theory of Operation
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Figure 3-7: Power Supply Block Diagram

Z-Amplifier — The Z-amplifier is a class B stage that is nronlinear, since it
only needs two output states: blanked and unblanked. When on, the output of
the ampiifier is apout 0.2 V; when off, its output goes to 119.3 V. This puise is
coupled through a restarer 1o the grid of the CRT 1o fumn the electron beam on
and off for blanking. The grid voltage of the CRT is about 1550 V and the BC
restorer circuit allows the Z-amplifier {0 take the grid 118 V below that level to
blank it. Blanking times are under control of the processor and are held 1o less
than 10 ms. Z-axis information is amplified to 120 V and added te the high DG
voltage grid through C414.

Deflection Amplifiers &>

The horizontal and verticat deftection amplifiers amplify the X and Y data and
allow rotational adjustment. The ditferential amplifiers based on U450 are
identical with the exception of the Vert Pos adjustment R456 on the venical
arnplifier. The grounded base transistors Q440, Q441, Q450 and Q451 isolate
L4850 fram the 120 V potential. R447 sets horizontal gain and R455 sets the
vertical gain. A 0 to 3.2 V change from the Y vector generator will produce a
70 V swing at the coliectors of the common base amplifiers. Trace rotation is
controlled by mixing a smail portion of the Y signal into the X signal and vice
versa. R426 adds the Y signal to the X amplitier and R431 adds the X signal to
the Y amplifier. Up to 10% of the signal can be mixed in to achieve =54
degrees of rotation.

2224 Service Manual
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Circuit Description

Pot Board A5

The A5 Pot board contains front panel potentiometerg (pois) and shatt
switches and the hardware that allows the CPU to reall ghangés. Changes in
the 16 position rotary switches are detected by U502 and USO3 which gener-
ate an interrupt (PULSEN) to the CPU. When interrupted, Ng,@RU Jatches the
switch state into Us01 with the KEYBOARD signal. The latch daid'is serially
read with the SCLK.

The CPUs intermal A/D converter scans the pots R502, R503, and R504. R503
and R504 contain two pots which are 180° out of phase.

Front Panel Board A6
Keypad Board A7

The AB Front Pane! board contains the switch matrix and the hardware that
allows the CPU 1o read changes. The Keypad board A7 contains the top
keypad switches. Presses on any Front Panel and Keypad buttons create an
imerrupt signai (KEYPRESS) out of US01 Pin 8. Normaliy the column cutputs of
UB02 are Iow and all rows are puiled high by R601. When a button (s pressed,
a row is pulled low interrupting the CPU. The CPU toggles KEYBOARD on Pin
9 on UBO3 which latches the row status. The CPU reads the latch with the
SCLK on the SDATAI line. The CPU proceeds {0 set each of the columnn out-
puts of U602 low and then reads the row stalus through U603 until the pressed
bution is found.

The A7 Keypad board is scenned with the A8 Front Panel board hardware.

3-18
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IRy’ 177 U U U Brief Pré¢cedures

(I

This subsection comains a quick-to-perform procedure that you gan #se to
verify that the 2224 functions properly. The Self Cal Tests proceduré uses
internal routines to confirm that both input channels can be calibrated/@nd Rat
the display is working properly. The only test equipment required is a paich
ccrd.

The Autoset Tests procedure uses the automatic setup feature of the 222A 1o
verify the acquisition system, trigger circLits and waveform display capabiiity.
The standard-accessory probes, inciuded with this oscilloscope, are the anly
equipment needed.

General Instructions

The Self Caf Tests and Autoset Tests procedures combing with the Perform-
ance Tests found later in this section to extensively test the 222A.

Yau may not need to perform both the Brief Procedures and the Performance
Tests, depending on what you want 1o accomplish;

»  Torapidly confirm that this oscilloscope functions ana was adjusted
properly, just do the procedure under Seff Cal Tests, which begins on
page 4-3.

®»  TO further check functicnality, first do the Seff Cal Tests just mentioned, and
then do the procedure under Autoset Tests that beging on page 4-4,

= [f more extensive confirmation of performance is destred, da the Perform-
ance Tests, beginning on page 4-5, after deing the Self Caf Tests and
Autoset Tests. The Performance Tests airectly check warranted specifica-
tions, but they require more time and specific test equipment.

If you are not familiar with operating this oscilloscope, read General Operating
Instructions in Sectlon 2 of this manual. These instructions will acquaint you
with the use of the front- and top-panel controls, and the menu systermn.

Conventions

Throughout these procedures the following conventions apply:
®m  Each test procedure uses the following generat format:
Tille of Test
Eguipment Required
Prerequisites

Proceduie

222A Service Manual
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Brief Procedures

s Fach procedure consists of as many steps, substeps, and subpars as
required {o do the test. Steps, substeps, and SubPari§/are sequenced as
follows:

1. First Step
a. First Substep
= First Subpart
a  Second Subpart
b. Second Sutstep
2. Second Step

= Where insiructed to use a front-pane! button or knab or verify a readout or
status message, the name of the button or knob appears in boldface wype:
“Rotate the VERT POS knob to position the waveform at center screen.”

The symbol at the left is accompanied by information you must read
o do the procedure properly.

Initial Setup This procedure connects the oscilloscope to external power and inslalls
Procedure probes for the tests that follow.

Equipment Required (See Table 4-1)

P400 probe (standard accessory, fterm 11)
External Power AC Adapter (standard accessory, lterm 3)

Prerequisites

None

Procedure
1. Plug the Extarnal Power AC Adapter into the AC power source,

2. Plug in the cord from the adapter to the EXT POWER INPUT connector on
the rear panel! of the oscilloscope.

3. Openthe zipper on the probe pouch and remaove the probes. if discon-
nected, connect the probes through the oval opening at the rear of the
pouch to the connectors on the oscilloscope.

4. Press the ON button of the cscilloscope to toggie it into the operating
mode.

4-2 Perforrnance Verification



Brief Procedures

Self Cal Tests This procedure uses intelmal routines to yerify that this 222{\ functions and can
properly perform self-calibration of both input channelsdThis precedure also
guarantees the highest accuracy state for the Performanee Tg€te that follow.

Equipment Required (See Table 4-1)

Patch cord, banana connectors (tem 7)
External Power AC Adapter (standard accessory, ftem 3)

Prerequisites

Initial Setup Procedure

Procedure
1. Press the AUX FUNCT button to bring up the AUX menu.
2. Select SELF CAL from the menu.

NOTE

Disconnect both the Channel T and Channel 2 probes from any
signal source before performing the self-calibration routines.

3. Select CH1 from the SELF CAL submenu to start the Cnannel 1 self-cali-
bration routine, When the oscilioscope displays a PASS/FAIL message,
the first routine is done.

4. Select CHZ from the SELF CAL submenu to stant the Channel 2 self-cali-
bration routine. When the oscilloscope displays a PASS/FAIL message,
ihe second routineg is done.

Setect EXT TRIG to display the external trigger self-calibration menu.

L8]

NOTE

For this self-calibration routine, the EXT TRIG COMM and EXT TRIG
INPUT connectors must be connected fogether. Use a short jumper
with banana piug connectors to rake the connection,

6. Select CAL to slart the external irigger self-calibration routine after the EXT
TRIG COMM and EXT TRIG INPUT connectors are joined. A PASS/FAIL
message is displayed when the routine is done. Remove the jumper,

7. Press the CLEAR button at the completion of the self-calibration routines
to return to normal oscilloscope operation. You are now ready to make the
performance checks.

It & self-calibration step falls, the currently stored calibration constants are not
changed. Hun the failed routine again.

222A Service Manuat 4-3
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if the failure persists, further information about the maturgof the failure may be
found by connecting the RS8-232 interface port to a tefMmipalior host cormputer
and rerunning the failed self-calibratior routine, A coded grromessage is
output when the efror occurs.

Reter to Troubleshooting in the Maintenance section of this fanugl fagexpta-
nations of the error codes.

Autoset Tests

The Autoset test procedure, while simple and easy 1o perform, will chack 80%
of the functionality of your 222A Digltal Storage Oscil.oscope.

Equipment Required (See Table 4-1)

P400 probe (standard accessory, ftem 171)
External Power AC Adapter {standard accessory, tem 3)

Prerequisites

Initial Setup Procedure

Procedure

1. Remove the retractable hook tip from the channet 1 probe.
2. Display the channel 1 signat

3. Hold the prohe tip 1o the end of your finger. Make good contact, bl do not
punctire yourseif,

4. With one of your other fingers, press the AUTO SETUP button.

5. When the auto-setup sequence i3 complete, channel 1 should show a
60 Hz noisy sine wavetorm.

6. Repeat this procedure for channel 2,

it the auto-s2tup routine displays a signal for both channeis, it indicates that
most of the instrument’s major systems are operational and will perform
carrectiy.

4-4
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LN

This seclion contains a callection of procedures for checking thatthe@22A
Digital Storage Oscilloscope performs as warranted,

There are three primary performance verification sequences:
m Vertical Checks

m  Horizontal Checks

a  Trigger Checks

These performance check procedures verify the performance requirements of
the instrument as listed in the specification section. These checks may be
used as an acceptance test or as a preliminary traubleshooting ald to help
determine the need for repair or readjustment.

These procedures extend the confidence level provided Dy the basic
procedures described in the previcus section, Perform the basic
procedures first, then continue to these if needed.

Prerequ isites To ensure the validity of these perfcrmance check procedures, the testing
environment must meet these guaiifications:

w  The cabinet must be in place.

& You must perform and pass the self-calibration routines and functional
tests found cn page 4-3.

Related Information

Read General Instructions and Conventions that start on page 4-1. Also, if
you are not familiar with operating the 2224, read General Operating Instruc-
tions in Section 2 before doing any of these procedures.
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Equipment Required

Table 4-1 lists all the test equipment required o do theé perermance check

procedure. Test equipment specifications gescribed agg'the migimum neces-
sary to provide accurate results, For test equipment opefatiopfintormation,
refer 1o the appropriate test equipment instruction manual.

When you use equipment cther than that recommended, you may have'to
make some changes to the tast setups. if the exact example equigmeit i
Table 4-1 is not available, use the Minimum Requirements column o déter
ming if any other available test equipment might be adeguate to do the Chedk.

Table 4-1; Test Equipment

Item Number and Minimum Requirements Example Purpose
Description
1 Adapter Connectors: BNC-to-miniature-  Tektronix part number Signal connection
probe tip 013-0084-031
2 Calibration Standard-ampiitude signal TEKTRONIX PG 506A (Gain and transient
Generator levels (DC and square wave):  Calibration Generator response checks.
SmVto 50V
Accuracy: 5 mvto 50 V
+0.25%.
High-ampiitude signal levels:
1Vi060V
Repetlition rate: 1 kHz.
Fast-rise signal ievel: 1 V.
Repetition rate: 1 MHz,
Rise time: 1 ns or less.
Flatness: =0.6%
3  AC Power External Power AC Adapler Standard (L1.8.) External Power  Reliable Power for
Source AC Adapter, Tekironix parf num-  oscilloscepe and de-
ber 120-1807-00 feats auto-shutdown
4 Adjustment Tool Small fiat blade, narrow tip General Tool 120250 Adjust Focus before
measurements
5 Termination, Impedance 50 0, connectors:  Tektronix part number Impedance matching
500 female BNC input, male BNC  011-00459-01 between generators
output and probes
6 Cabie 500 50 Q, 36 in, male-to-male BNC  Tekironix part number Signal connection
Coaxial connectors 012-0482-00
7 Connector, Female BNC to dual banana Tektronix part number Signal coupling to
Dual Banana 103-0690-00 External Trigger and
Common inputs
§ Connector, Male, BNC-to-dual-female Teldronix part number Checking Trigger
BNCT BNGC 103-0030-00 Sensitivity

11 you do not use this connecior you must connect the probe ground lead to a ground source.

4-6
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Table 4-1; Test Equipment {Cont.)

Performance Tests

tem Number and

Minimum Requirements Example

Purpose

Description

9 Generalar,
Leveled Sine
Wave

50 kHz to 20 MHz; Variable TEKTRONIX 8G 503 Leveled
amplitude from 5 my te 5§ V p-p Sine Wave Generator

into 50 . Amplitude

accuracy: constant within

1.5% of reference frequency 10

2020 MHz.

Checking Wertical
Triggering @nd/Banc.
width

10 Generator, Time

Variable marker frequency TEKTRONIX TG 501A Time

Checking Sample-

Mark from 0.55 ms to 5 ns; accuracy Mark Generator Rate and Delay-time
within 2 ppm Accuracy
11 Probe P403, 1X TEKTRONIX P400 Connect oscillo-

(2 required)

scope 10 signal
source

Preparation

The perfarmance verification procedure is divided into subsections 1o let you
check individual sections of the instrument when it s not necessary 1o do the
compiete performance check. An Equipment Required block al the beginning
of each subsection lists the equipment from Table 4-1 that is needed to do the

checks in that subsection,

The initial control settings at the beginning of each subisecticn prepare the
instrument for the first step of the subsection. Do each of the steps in a sub-
section compietely and in order to ensure the correct control settings for the
steps that follow, Let the test equipment warm-up for 20 minutes to oltain a
valid performance check ta the accuracies stated in Specifications, Section 1.

222A Service Manuai
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Preliminaries This pretiminary procedure adjusts the display fofigredilest Blarity prior to
making measurements in the Pedormance Verification ghecCks. You will make
only exiernally available adjustments.

Equipment Required (See Table 4-1)
External Power AC Adapter (wall transformer, ltern 3}
Adiustment Tool (lterm 4)
Prerequisites
Self Tests and Autoset Tests starting on page 4-3
Initial Control Settings
Power and Display
Externai Power .. ....... ... ... External Power AC Adapter connected
Power .. ... .. ................ ON
Front-Panel Controls
AUTO SETUP ........ ... ..... Fress for initial signal display
Procedure
1. Check/Adjust Intensity Contro!
a. Adjust the INTEN coniro!l for a sharp display.
2. Adjust FOCUS Centrol
a. Pressthe AUX FUNCT button on the top parel.
k. Select the ALIGN menu cheice, then the XY menu choice. This dis-
plays a test pattern on the CRT,
¢. Adjust the FOCUS control for ihe best definition of the pattemn.
d. Pressthe CLEAR button to remove the display patier and retum to
normal operation,
4-8 Performance Verification
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Index to Performance The 101Iqwing is a list of the three groups of performanc:g test procgctures in
Tests the section and their page numbers. Perform all chackgfin giewp in se-

quence,

Vertical Checks

1. Check Input Current, DC Balance, and Invert Balance . ........ 411
2. Checklnput Coupling . ... 4-12
3. Check VOLTS/DIV Accuracy ............ooiiiiiiinnnn.. 4-13
4. Check Probe Compensation ........ ... ... . ... . .. ... 4-14
5. Check Analog Bandwidth .. .. ... .. ... ... . ... ......... 4-16
Horizantal Checks

1. Check X1 SECIDIV ACCUracy ........ .. et 4-18
Trigger Checks

1. Check Trigger Sensitivity . ... ... .. .. ... ... ... .. 4-20
2. Check External Trigger Sensitivity .. .. ....... .. .. ... ...... 4-21

222A Service Manual 4-9
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Vertical Checks These procedures check those characteristics forlthe gigndd acquisition and
display systems that are listed as checked under Warrghigd Characteristics in
Section 1, Specification. Set up the test equipment as sBowngdn Figure 4-1.
Both generators will not be used at the same time but they@EhowdBoth remain
powered up during the procedure to ensure stable operatiod.

Equipment Required (See Table 4-1)

Leveled Sine Wave Generator (ltem 9)

Catibration Generator {itemn 2)

50 £ BNC Termination (ftem 5 )
BNC-to-miniature-probe-tip Adapter (ltem 1)
External Power AC Adapter (wall transformer, item 3)
2 Probes (ftem 11)

Prerequisites
Self Tests and Autoset Tests starting on page 4-3

Preliminaries on page 4-8

NQOTE

If you are not using the recommended probe-tip adapter (Tektranix
part number 073-0084-03), then you will need to connect the probe
ground fead to the probe signal source.

External Power AC Adapter
Connect o Correct
AC Power Source

Sine Wave Calibration
Generator Generator

Output

ARSNRNNRIRY

e

Figure 4-1: Initial Setup for Vertical Checks
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Initial Control Settings
Power and Display

External Power ............_.. External Power AC Adapier copnected
Power...... . ............. ... ON

Vertical Area

CHZCoupling................ OFF
CH2VOLTS/DIV ............. 5mv
CH2Variable ................ CAL
CHiCoupling................ GND
CH1VOLTS/DIV ............. 5 mv
CHivariable .... ... .. .. .. CAL

Horizontal Area

SEC/DIV ... ... ... ... 1ms
XIOMAG ... ......... ...... CFF
POS ... ... center the wavetorm

Trigger Area

Trigger MODE .. ... ... ... ... AUTOBL
Trigger SOURCE ... ...... . .... VERT
Trigger SLOPE ............... +

Top Panel Controls

TRIGPOS ................... POST

STORE ..................... STORE

DISPL

INVE OFF

INVZ . QFF

XY o OFF

ROGFF ... ... . i OFF (not selected)
ACGH. .. ... NORM
Procedure

1. Check Input Current, DC Balance, and Invert Balance
a. Connect the channel 1 ground lead to the probe tip.
b. Press the CLEAR button to clear the display.

¢. Verically position the channel 1 trace to the center horizortal graticule
line.

d. Set the channel 1 coupling to DC.

e. CHECK for 0.5 division or less shift from the center horizontal graticute
line.

f.  Set channel 1 coupling to GND.

222A Service Manual
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Rotate the VOLTS/DIV control from 5 mviio 504V,

CHECK for 0.2 division or less shift from th@ centér horizontal graticule
tine.

Set the VOLTS/DIV conirol to 5 my/div.

Select channel invent by pressing the DISPL button and salécting
INV1.

CHECK for 0.4 division or less shift from the center horizontal gfaticule
line.

Set channel 1 coupling to CH1 OFF

. Set channel 2 coupiing 1o GND.

Repeat steps a through k for channet 2.

Calibration
Generator

BNC-to-Probe-
Tip Adapter

\ Channel 2

Praobe

Figure 4-2: Setup for Input Coupling Check

2. Check Input Coupling {Set up the test equipment as shown in Fig-
ure 4-2.)

SET: SEC/DIV 0.5 ms
Trigger MODE AUTOLVL
VOLTS/DIV SV

Set the Calibration Generator 10 a standard-amplitude mode output
signal of 2.0 V.

Verlically position the bottom of the signal to the center horizontal
graticule line.

4-72
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d. Set the channel 2 coupling to AC.
e. CHECK that the display moves to approximatelyvertical center
screen.
f. SET CH 2 Coupling CHZ2 OFF
CH 1 Coupling DC
g. Disconnect the channe! 2 probe tip from the test equipment and
connect the channel 1 probe tip.
h. Repeat pars ¢, d, and € for channet 1.
3. Check VOLTS/DIV Accuracy
a. Set Calibraticn Generator for a standard-amplitude output signal of
20 mv.
b. Setthe channel 2 VOLTS/DIV control to 5 mV.
c. Verically center the display.
d. CHECK all positions of the volts per division sstlings for correct
signal-to-graticule accuracy using the VOLTS/DIV contral and Calibra-
tion Generator settings and amplitude limits given In Table 4-2.
e. Retumn the Calibration Generator output to 20 myv.
f. SET CH 2 Coupling CH2 OFF
CH 1 Coupling DC
CH 1 VOLTS/DiV 85 mv
g. Disconnect the channel 2 probe tip from the test equipment and
connect the channel 1 probe tip.
h. Repeat part d for channel 1.
i. Disconnect the test equipment from the oscilloscope.
Table 4-2: VOLTS/DIV Accuracy Settings
Volts/Div Calibration Generator Amplitude Limits
5 my? 20 mv 3.84 div - 4.18 div
10 mv? 50 mv 4.80 div - 5.20 div
20 my1 1V 4.80 div - 5,20 div
50 mv 0.2V 3.84 div - 4.16 div
1V 05V 4.80 div - 5.20 div
02V 1V 4.80 div - 5.20 div
0.5V 2V 3.84 div ~ 4.18 div
1V SV 4.80 div ~ 5.20 div
2V 0V 4.80 div - 5.20 div
5V 20V 3.84 div - 4.16 agiv

1 These ranges are available only with a P400 X1 probe.

222A Service Manual
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Table 4-2: VOLTS/DIV Accuracy Settingsf{Cont.}

Voits/Div Calibration Generator Ampli¥ide Limits
oV 50V 4.80 div - §:20 giv
20V 100V 4,80 div - 520diy
50V 100V 1.92 div - 2.08 div
10V —— -z
200V - -2

2 For PB50 probe only; not practical to check due to catibration generator Iimita=
tlon. To chieck attenuator accuracy In these positions, check the 10 and 20 V per
division settings.

4. ChecK Probe Compensation {Low Frequancy Pulse Response)

a. Setup the equipment as shown N Figure 4-3.

Calibration
Generator

000000

500 Termination

BNC-to-Probe-
Tip Adapter

Channe! 1
Probe

Figure 4-3: Setup for Probe Compensation Check

b. Set: CH 1 VOLTS/DIV 50 mv
SEC/DIV 0.2ms
TRIG POS MID

c. Setthe Calibration Generator output for a fast-rise signat with a 1 ms
period.
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Adjust the Calibration Generator pulse amplitddefor a 5 division
disptay.

Vertically pasition the top of the square wave oprthg’second horizontal
graticuie line above the center.

Positien the rising edge at the trigger position to the centegvertical
graticule line.

CHECK for 0.15 division or less of rollotf or overshoot at the frant
COrner.

Set: CH 1 Coupling CH1 OFF
CH 2 Goupling DC
CH 2 VOLTS/DIV 50 mv

Disconnect the channel 1 probe tip from the BNG-o-probe-tip adapter
and connect the channel 2 probe tip.

Vertically cemter the display.
Repeat part g for channel 2.

Disconnect the channel 2 prabe tip from the test eguipment.

222A Service Manual
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5. Check Analog Bandwidth (Set up the test equipment as shown in
Figure 4-4.)

0poo0go

.

Sine Wave
Generator

50 QTermination

BNC-to-Probe-
Tlp Adapter

Channel 2
Probe

Figure 4-4: Setup for Analog Bandwidth Check

Set: CH2VOLTS/DIV 05V
SEC/DIV 5 us

Set the Leveled Sine Wave Generator for a disptay amplitude of 6
divisions at 50 kHz.

Set the SEC/DIV control to 50 ns.
Set the Leveled Sine Wave Generator output frequency to 10 MHz,
CHECK that the display ampiitude is at least 4.2 divisions,

Return the Leveted Sine Wave Generator output frequency to 50 kHz.

Set: CH 2 Coupling CH2 OFF
CH 1 Coupling bC
CH 1 VOLTS/DIV 0.5V
SEC/DiV 5 ps

Disconnect the channel 2 probe tip from the test equipment and
connect the channel 1 probe tip.

Verticaily center the display.

Repeat parts b, ¢, d, and e for channel 1.

4-16
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Horizontal Check The horizontal checks procedures verify those characierjstics that relate to the
time-base system and that are listed as checked undegWarranted Characteris-
tics in Section 1, Specification. Set up the lest equipmeni/&as shaWwn in
Figure 4-5.

Equipment Required {See Table 4-1)

Time-Mark Generator {item 10)

50 Q) BNC Termination (ltem 5}
BNC-to-miniature-probe-tip Adapter {ttem 1)
Externat Power AC Adapter (wall transformer, ftem 3)
2 Probes (ftlem 11)

Prerequisites
Seif Tests and Autoset Tests starting on page 4-3

Preliminaries on page 4-8

Time Mark
Generator

000000
0
0
O

[

50101 Termination

BNC-to-Probe-
Tip Adapter

Channel 1
Probe

Figure 4-5: Setup for Horizontal Test
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Initial Control Settings
Power and Display

External Power ............... External Power AC Adapter connected
Power ... ... ... .. ... ... ON

Vertical Area

CH2Coupling................ CH2 OFF
CHiCouwpling................ DC
CHAVOLTS/DIV ... ........ 01V
CHRIVAR .. ... ... ... .. ..., CAL

Horizontal Area

SEC/DIV . ................... 1ms
XIOMAG .. ................. OFF

Trigger Area

Trigger MODE . .. ............. AUTOWVL.
Trigger SOURCE .............. VERT
Trigger SLOPE ............... +

Tap Panel Controls

TRIGPOS ................... POST

STORE ..................... STORE

DISPL

INVY . OFF

INV2 e OFF

XY oo OFF

ROOFF ... ... iiiian, OFF (not selected)
ACQ ... .. ... el NORM
Procedure

1. Check X1 SEC/DIV Accuracy
a. Press the CLEAR button to clear the display.
b. Set the Time Mark Generator to output 1 ms time markers.

c. Vertically position the baselipe of the time-mark signal to the center
horizontal graticule line.

d. Horizontally position the left time marker with the first vertical graticule
line,

e. CHECK that the leading edge of each time marker is aligned to a
vertical graticule line within 2% (£ 0.1 division}.

f. Disconnect the test equipment from the oscitloscope.
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Trigger Checks The Trigger Checks procedures verify those charaClegstios that relate to the
trigger system and that are listed as checked under Wafranted Characteristics
in Section 1, Specification. Set up the test equipment asfafown in
Figure 4-6.

Equipment Required (See Table 4-1)

Leveled Sine Wave Generator (ftem 9)
BNC-to-dual-banana Adapter (item 7)

BNC-T connector {item 8)
BNC-to-miniature-probe-tip Adapter (itemm 1)

50 Q BNC Termination (tem 5)

External Power AC Adapter (wall transformer, ltem 3)
BNC Coaxial Cable (ftem 6)

2 Probes (ftem 11)

Prerequisites

Self Tests and Autoset Tests starting on page 4-3

Preliminaries on page 4-8

Sine Wave
Generator
f /‘ D T
o o
{:, ©
D 0]
ER
O
} o O

501 Termination

ANC-to-Probe-
Tip Adapter

Channel 1
Probe

Figure 4-6: Setup for Trigger Checks
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Initial Control Settings
Power and Display

External Power ............... Extemal Power AC
Adapter connected
POWEl . . e ON

Vertical Area

CHZ2Cauwpling................ CH2 OFF
CHZVAR ................... CAL
CHI1Coupling ................ DC
CHIVOLTS/DIV ........... .. 50 mv
CHIVAR ................... CAL.

Horizontal Area

X1IOMAG ... ............... OfF
SEC/DIV . ... ...l 50 ns
Trigger Area

Trigger MODE .. .............. AUTOLVL
Trigger SLOPE .. ............. +
Trigger SOURCE . ............. VERT

Top Panel Controls

TRIGPOS ................... POST

STORE ............ ... .. STORE

DISPL.

INVT . OFF

INV2 . s OFF

XY oo e OFF

ROCFF ... OFF {not selected)
ACQ . ... .. NORM
Procedure

1. Check Trigger Sensitivity

a. Set the Leveled Sine Wave Generator for a 5 division display ampli-
ude at 10 MHz.

b. Setthe channel 1 VOLTS/DIV control 10 0.5 V.

¢, Push AUTOLVL knob.

d. CHECK for a stable display with the TRIG'D indicator on.
2. Check Flil Time

4-20
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c.

d.

Performance Tests

Set: CH 1 SEC/DIV 5pus
CH 1 VOLTS/DIV Smy

Return the Leveled Sine Wave Generator 10 50 ¥HZ @nd adjust for a
five-division amplitude.

Press INIT to restart the acquisition.

CHECK that the display fille completely in fess than 10 s.

3. Check External Trigger Sensitivity {Set up the test equipment as
shown in Figure 4-7.)

Sine Wave
Generator

5¢ Ll Termination

BNC-to-Probe-

Tip Adagpter

Female BNC ta Dual Channe! 1 Probe BNC-T Connector
Banana Adapter

Figure 4-7; Setup for External Trigger Sensitivity

Set: CH 2 Coupling GND
CH 1 Coupiing DC
CH 1 VOLTS/DIV 50 mv
Trigger SOURCE EXT
STORE OFF (not selected)

Connect the Leveled Sine Wave Generator output via a 50 ) termina-
tion, a BNC-T connector, and a BNC-to-probe-tip adapter to the chan-
net 1 probe tip.

Connect the other side of the BNC-T connector via a 50 O coaxial
cable and female BNC-to-duail-banana connector to the EXT TRIG
INPUT and EXT TRIG COMM input jacks on the rear panel.

Vertically cenier the display.
Set the SEC/DIV control to 50 ns.

222A Service Manual
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f.  Setthe Leveled Sine Wave Generator losisp ive divisions of
amplitude at 50 kHz.

CHECK for a triggered display (TRIG'D indica any.
Set CH1 VOLTS/DIVio 0.2V,

i. Setthe Leveld Sine Wave Generator {o display five divisi f ampli-
tude at 60 MHz.

i.  CHECK for a triggered display (TRIG'D indicator light on).

k. Disconnect the prabe from the test equipment. 4}
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/ I._I | Adjustment Prdgedures

This section contains information you need o adjust your 2224 Digitaifstlorage
Oscilloscope,

Description — The Adjusiment Procedures are divided into two parts:

»  General information about adjusting this oscillogcope, the equipment
needed, and the adjustments required after repairing some maodules.

3 Shwritten procedures thet allow you to manually adjust the vertical,
horizontal, and trigger systems.

Purpose — Use this procedure to retumn the oscilloscepe to conformance
with its Warramed Characteristics as listed in Section 1, Specification. It can
also be used to optimize the performance of the oscilloscope.

Adjustment Interval — As a general rule, these adjustments should be
done after every 2000 hours of operation or once a year if used infrequently.

Requirements for
Performance

Before you do this procedure, you need to address the following require-
ments.

Personnel

This procedure is to be performed only by trained service lechnicians.

Warm-up Period

The test equipment requires a 20 minute warm-up time in a 15°C to 35°C
environment before use.

Access to Adjustments

To access the adjustments you must remove the front panel and top case. The
procedure Preparation on page 5-4 shows you now to prepare the 222A for
adjustment.

Test Equipment

The equipment list on page 5-3 in this section lists all test equipment re-
cuired 1o adjust this oscilloscope.

2224 Service Manual



Adjustment Procedures

You do not need to set any adjustment tc a defaull seitipty before performing
this procedure. Onty change an internal adjusiment settingiit a performance
characteristic cannot be met with the original setting.

Adjustment After Repair

Cepending on the module replaced, you may need to perform a‘partial oy
complete adjustment. Tabie 5-1 lists the circuit board modules and thegd)usts
ment required for each. Perform ihe listed adjustment for a circuit board ghen
yau repair any module on that circuit board.

Table 5-1: Adjustments Required for Module Replaced

Module Replaced Adjustment Required
Acquisiion Board Complete Adjustment
Front Panel Board None Reguired

Pot Board None required

Power Supply Board Compiete Adjustment
CPU/Display Board Complete Adjustmentl
Main Board Complete Adjustment
CRT Assembly Display Adjustment Only

1If a software upgrade is done or the EEPROMs are replaced, a complete adjustment is
required.

Adjustment Dependencies

Some adjustments depend on the successful completion of other adjustments.
For example, the Reference Self Calibration Adjustment must be performed
before the Channel Gain Self Calibration is performed. Table 5-2 lists the
adjustments and their dependencies,

Table 5-2: Adjustments and Dependencies

Adjustment Prior Completion Reguirements
Display Adjustment MNone

Sweep Length and Vector Display Adjustment

Generator Adjustment

Reterence Self Calibration None

Gain Self Calibration Reference Self Calibration

Clock Delay Adjustment Nong

External Trigger Offset Calibration  None

5.2

Adjustment Procedures
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Equipment Required

Qscilloscaope.

Table 5-3: Test Equipment, Fixtures, and Supplies

Adjustment Procedures

Table 5-3 lists the test equipment required to adjust the 222A Digital Storage

ltem Number and
Description

Minimum Requirements

Example

Purpose

1 BEdernal Power AC
Adapter (for 2224)

DC: 121020 VDC; cr
AC: 16 10 20 VAC, at
47 Hz 1¢ 400 Hz

Tekironix part number
120-1807-00

Instrument Power

2 DMM Calibrator

Variablie amplitude to
=1V, accuracy to 0.05%

Data Precigion 8200

Reference Self Calibration

3 Screwdriver, Handle

Accepts Torx® tip

Tektronix part number
003-0301-00

Case Disassembly

4 Tomx® Tip

T-15

Tektronix part number
003 0968 00

Case Disassembly

5 Wrench, Hex

0.G50 inch hex wrench

Casz Disassembly

6 Adjustment Too!

Small flat blade, namrow
tip

General Tool 120-250

Adjust Focus Before Mea-
surements

7 Probe
(2 reguired)

P400, 1X

TEKTRONIX P400

Cornect Oscilloscope to
Signal Source

8§ Connectar, Dual-ba-
nana

Female BNC to dual ha-
nana

Tektronix parnt number
103-0080-00

Reference Self Calibration

9 Adapter, Probe Tip to
BNC {twa required)

Connectors: BNC, male-
to-miniature-prabe tip.

Tekironix Part Number
013-0084-03

Heference Self Calibration

10 Connector, BNC-T

Male, BNC-to-duai-female
BNC

Tektronix part aumber
103-0030-00

Reference Self Calibration

11 Cable, Precision
Coaxial

50 0, 36 in, male-to-male
BNC connectors

Tektronix part number
012-0482-00

Reterence Self Calibration

12 Patch Corg

Conneclors; banana,;
3 in (8 cmy or longer

Tektronix part aumber
012-0031-00

External Trigger Offset
Calibration

'Requires a TM 500 Series Power Module Maintrame.,

222A Service Manual
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Adjustment Procedures

Preparation Perform the initial setup in preparation for the following adjustment proce-
dures. Set up equipment as shawn in Figure 5-1. Powerup the DMM Calibrator
s0 that it will warm up for later use. Refer to the followingapfogedure for addi-
fional connection instructions,

Equipment Required (See Table 5-3)

External Power AC Adapter (wall transformer, ftem 1)
Torx Driver, T-15 Tip {lterns 3 and 4)
Hex Wrench, 0.050 inch (item 5)

External AC Power Adapter
Connect to Correct
AC Power Source

E]
00
- cda
P 0o
Front Panel
Connection L
I P, J Keypad Connection
Left Edge

ot Front Pane!

Figure 5-1: Initial Equipment Setup for Adjustment Procedures

5-4 Adjustment Procedures
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Procedure

1.

Power up the test eguipment; Connect the tesl equipmenit® AC power
and allow a 20 minute warm-up period before beginninggdhe pracedures.

Configure the 2224 for adjustment (see Figure 5-1):

a. Remove the front panel and the top case half from the instimgrigSee
the Front and Top Case removal procedure in Maintenance, SeCtion 5.
When removing the top case, make sure the channel input conngcton
assemply remains in the lower case. If it sticks to the top case,
remove it and replace it in its slot in the lower case.

b. Swing the front pane! up fram the left side to allow the CRT io be
viewed directly when the display adjustments are made.

¢. Lay the top case half down on the right side of the instrument with the
front af the case facing the instrument. Reconnect the top keypad
cable to its front panel connector.

Connect the 2224 to external power: Connect the wall transformer part of
the External Power AC Adapter to AC power and connect the power sup-
ply cable to the EXT POWER INPUT connectar on the rear panel.

Press the front panel ON button to power up the oscilloscope.

Allow a 20 minute warm-up pericd for the oscilloscope betfore beginning
the adjustment procedures.

Display Adjustments

Perform display adjustment procedure to adjust the display. Set up equipment
as shown in Figure 5-1. Before starting this procedure, first perform the proces-
dure Preparation on page 5-4 to configure the oscilloscope for adjustment.

Equipment Required (See Table 5-3)

External Power AC Adapter (wail transformer, ltern 1)
Adjustment Tool item 6)

Procedure

1.

Select the XY alignment pattern.
a. Press the AUX FUNCT button on the tap panel,
b. Select the ALIGN menu item to display the ALIGN menu,

c. Press the same button (now labeled XY} again to display the test
pattern as shown in Figure 5-2.

Adjust display intensity. Adjust the INTEN control located on the rear
panel of the instrument (see Figure 3-3) for a sharp display with no bloom-
ing of lines.

222A Service Manual



Adjustment Procedures

Adjust display focus and astigmatism: Adjusi e F@CUS control Iccated
on the rear panel of the instrument (see Figure 5:8) apd'the ASTIG adiust-
ment {see Figure 5-4 for the location} for the pest fécdised display over the
entire graticu'e area.

Check Midpoint Alignment
to Graticule

Figure 5-2: Test Pattern Showing Alignment Points for Horizontal and

Vertical Gain Adjustments

Center the XY calibration pattern with the graticute: Adjust VPOS (R456)
and HPOS (R448) to center the ALIGN XY calibration pattem with the
graticule. See Figure 5-4 for the adjusiment focations.

Alicn the XY calibration pattern with the graticule: Adjust HORIZ ALIGN
{R42€) and VERT ALIGN {R431} for best horizontal and vertical alignment
of the box pattern 1o the graticule lines. See Figure 5-4 for the adjustment
locations.

Adtjust vertical and horizontal gain: Adjust VGAIN (R458}) for a display four
vertical divisions high and HGAIN (R447) for a display four horizantal
divisions wide on the inner box patiern. See Figure 5-4 for the adjustment
locations.

NOTE

Meke sure the midpoint of each outside trace of the calibration
pattern is exactly centered over jts respective graticule fine, See
Figure 5-2.

7. Check that alt display adiusiments are optimized for the best display.

Adjustment Procedures
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8. Remove the XY alignment pattern: Press the CLEARbutton 1o remove the

pattern.
Y A
" m L
',. !
Q
L hY U
INTEN {R413) FOCUS (R415)
Figure 5-3: Rear Panel Adjustments
Sweep Length and Perform sweep length and vector adjustiments procedure to adjust the horizon-
s tal sweep length and the vector aiignment. Set up equipment as shown in
Vector Adjustments Figure 5.1,

Equipment Required (See Table 5-3)

External Power AC Adapter (wall transformer, lterm 1)
Adjustrent Tool {ftem 6)

Procedure
1. Select the XY alignment pattern.
a. Press the AUX FUNCT button on the top panel.
b. Select the ALIGN 10 display the ALIGN menu.
c. Select XY 1o display the test pattern shown in Figure 5-2.

2. Adjust the sweep lengih: Adjust SWP (R255) to set the end of the sweep
just 1o the right most vertical line of the display pattern (see Figure 5-2).

3. Adjust the sweep length: Adjust XVECT (R259) and YVECT {(R260) for the
best square corner at the lower left of the display pattern.
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4. Remove the XY alignment pattern: Press the CLEARMutton to remove the

pattern.

|

p—
I |

\
0

SWP (R255)

©
:[:1 T oh
]

XVECT (R259)

YVECT (R260)

HORIZ ALIGN {R4371)

VERT ALIGN {R426)

HGAIN (R447)

VGAIN (R455)

VPOS (R456)

HPOS (R448)

[el@lgliolioliell2]

qpl!

[

ASTIG (Ra24)

/

Figure 5-4: Top Accessible Adjustments

5.8
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Reference Self Perform the reference self calibration procedure 10 set the internal references
Calibration for the acquisition channels. Set up equipment as shawn/in kigure 5-5.

Equipment Required (See Table 5-3)

External Power AC Adapter (wall transformer, ftem )
DMM Calibrator (item 2)

Duaf Banana to Female BNC Adapter (ftem &)

BNC-T connector (fterm 10)

50 (2 BNC Coaxial Cable {item 11)

Probes (two required, litem 7)

B8NC to Miniature Probe Tip Adapter (2 required, Item 9)

Probe

Coaxial Cable

BNC-to-Probe-
Tip Adapter

wiwl@

00
|

o O

BNCT DMM

Calitirator

BNC-to-Probe-
Tip Adapter

BNC Female-to-Dual
Banana Adapter

N

Probe

Figure 5-5: Equipment Setup for Reference Self Calibration
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Procedure

1.

Set the DMM Catibrater output: Set the DMM Caliprator toarovide a Q.3 V
reference voltage within = 0.05%.

Connect the Probes o the OMM Calibrator: Connect thesegquipment as
shown in Figure 5-5.

Select the reference calibration function,

a. Pressthe AUX FUNCT button on the top panel.
b. Select BELF CAL to call up the calibration menu.
¢. Select PROBE to dispiay the APPLY REF menu,

Run the channel 1 reference calibration; Select CH 1 to run the CH 1
reference Self Cal.

Run the channe! 2 reference calibratior:: Select CH 2 to run the CH 2
reference Self Cal.

Hemove the APPLY REF menu: Press the CLEAR button to remove the
menu.

Disconnect the equipment: When the calibration routine has finished,
disconnect the BNC-T cannector and the two probes from their adapters.

Gain Self Calibration

Perform the gain self calibration procedure to calibrate the gain through both
input channels. Set up equipment as shown in Figure 5-1.

Equipment Required (See Table 5-3)

External Power AC Adapter {wall transformer, ltemn 1)

Procedure

1.

Select the reference calibration function:
a. Pressthe AUX FUNCT button on the top panel.
h. Select SELF CAL to call up the calibration menu.

Run the channeil 1 self calibration: Select CH 1 to run the CH 1 Self Cal.
Watch for a PASS message indicating that calibration was completed
successfully. A FAIL message indicates a need for repair.

Hun the channe! 2 self calibration: Select CH 2 to run the CH 2 Self Cal.
Watch for a PASS message indicating that calibration was completed
successtully. A FAIL message indicates a need for repair.

Remove the SELF CAL menu: Press the CLEAR bution {o remove the
menty.

5-10
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NOTE

The PASS/FAIL message is not self-clearing and willfemiain og the
display until cleared. You can remove the message by prg€sigg the
CLEAR button.

Clock Delay
Adjustment

Perfarm clock delay adjustment procedure to calibrate the clock delay. Setup
eguipment as shown in Figure 5-1.

Equipment Required {(See Table 5-3)

External Power AC Adapter (wall transformer, ltern 1)
Adjustrment Tool (tem 6)

Procedure

1.

Select the clock calibration function.
a. Press the AUX FUNCT button on the top panel.
b. Select ALIGN to display the ALIGN menw.

c. Press the third button {the one below the XY menu chaice; it is not
labeled) to start the ciock calibration procedure,

Adjust the clock delay: Adjust the clock delay adjustrment (R308), located
below the front of the CRT (see Figure 5-6), until the trigger position indica-
tor (+) remains within the center twe horizontal divisions. An occasional
jump outside the center division may occur. See Figure 57 for the limits.

Exit the clock calibration function; Press the CLEAR buiton 1o return to
normal operation.

Clock Delay
Adjustment (R303)

Figure 6-6: Clock Delay Adjustment
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Adjustment Limits
f"""‘/\‘_"_\
| i [ oV 4
UUVEDUO [l %
E L
: |
;-w-:-—:;%..; it +
..L :
T i
I |
- i
v

Figure 5-7: Clock Delay Adjustment Limits

External Trigger

Perdorm this procedure to calibraie the external trigger offset. Set up equip-

Offset Calibration ment as shown in Figure 5-8.
Equipment Required (See Table 5-3)
External Power AC Adapter (wall transformer, ttem 1)
Patch Cord (with banana connectors, itern 12)
1 Rear Panel of
the 2224
F
[ [®)
L 1 f
O
© P
Figure 5-8: Equipment Setup for External Trigger Offset Calibration
5.12 Adjustment Procedures
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Procedure

1. Shor the EXT TRIG INPUT and TRIG COM connegtors: Use the banana
plug patch cord to connect the TRIG COM and EXT #RIGIANPUT connec-
tors together.

NOTE

The TRIG COM and EXT TRIG INPUT connectors on the rear panel
must be connected together before running the external trigger
offset self calibration.

2. Select the external rigger calibration function.
a. Press the AUX FUNCT button on the top panel.
b. Select SELF CAL 1o call up the calibration mernu.
¢. Select EXT TRIG to display the next menu.

d. Press the CAL button to run the external trigger self calibration routine.
Watch for a PASS message indicating that calibration was competed
succassfully. A FAIL message indicates a need for repair.

3. Disconnect equiprment. When the trigger calibration is finished, disconnect
the paick: cord from the TRIG COM and EXT TRIG INPUT connectors.

222A Service Manual
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Maintenance Information

This section contains the information needed to do periodic and gonetlive
maintenance on the 222A Digital Storage Oscilloscope. Specifically, faur

subsections are included:

s  Maintenance Information — This subsection. It inciudes this introdug?
tion plus generat informaticn on preventing damage to internal modules
when doing maintenance.

m Inspection and Cleaning — Information anc procedures far inspecting
the gscilloscope and cleaning its external and internal modules.

m  Removal and Installation Procedures — Procedures for the remaval
of defective modules and repiacement of new or repaired modules. Also
included is a procedure for disassernbly of the oscilloscope for clzaning.

r  Troubleshooting — information for isclating and troubleshooting failed
modules. Included are instructions for using the oscilloscope internal
diagnostic routines the troubleshooting trees located in Section 8, Dia-
grams.

Information and
Procedures Not In
This Section

The ‘cllowing sections contain information or procedures related ta doing
maintenance.

m  Section 2, Gperating Informaticn, covers instructions useful when operat-
ing the oscilloscope in order to troubleshoot it. It also detaits the service
strategy and lists options for obtaining maintenance service and for re-
placing failed modules.

m  Section 3, Theory of Operation, contains a detailed circuit description of
the oscilloscope.

u  Section 4, Perforrnance Verification, contains procedures that may be
usefut in isolating problems to modules by testing oscilloscope perform-
ance.

m  Section &, Adjustment Procedures, addresses afler repair adjustment and
the interval between periodic adjustments. It contains a procedure for
adjusting the internal circuits of the oscilloszope.

m  Section 8, Replaceable Electrical Parts, lists all replaceable electrical
pars by parn number.

®  Section 8, Diagrams, containg troubleshooting trees, component location
diagrams and tabies, circult waveforms, btock diagrams, and schematics,

m  Section 10, Replaceable Mechanical Parts, lists all replaceabie mechani-
cal parts by part number.

222A Service Manual
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Preventing ESD

CAUTION

Static discharge can damage any semiconductor component inghys
oscilloscope.

Precautions

When performing any service that reguires internal access to the oscilloscope,
follow these precautions to avoid damaging internal modules and their com-
ponents due to electrostatic discharge {ESD}.

1. Minimize handling of static-sensitive modules.

2. Transport and store static-sensitive modules in their static protected
containers or on a metal rail. Label any package that cortains
static-sensitive modules.

3. Discharge the static voltage from your body by wearing a grounded
antistatic wrist strap while handling these moduies. Perform service of
static-sensitive modules only at a static-free work station.

4. Nothing capable of generating or holding a static charge should be
allowed on the work station suwrface.

5. Handle circuit hoards by the edgas when possible.
6. Do not slide the modules over any surface.

7. Avoid handling modules in areas that have a flaor or work-surface cover-
ing capable of generating a static charge.
Susceptibility to ESD

Table 6-1 lists the relative susceptibilily of various classes of semiconductors.
Static voitages of 1 kV 1o 30 kV are common in unprctected environments.

6-2 Maintenance
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Tabie 6-1: Relative Susceptibility to Electrosiatic Disgharge {(ESD)

Semiconductor Classes

Relative
Susgeptibility
I€ve|s!

MOS or CMQS microcirguits or discrete circuits, or linear 1
microcircuits with MOS inputs (most sensitive)

ECL 2
Schottky signal diodes 3
Schom&;ﬁ: [ R _..,_,._m;...._
High-frequency bipolar transisiors 5
JFET B
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (least sensitive) 9

lyoltage equivalent for levels (voltage discharged irom a 100 pF capacitor through resis-

tance of 100 ohms}:
1 100 to 500 V

20010500V

250V

500V

400 to BO0 V

LT3 - - BN+ 1}

LI VT I |

[V

L L I

600 to 800 V
400 to 1000 V (est.)
200 V

1200V

222A Service Manual
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"YI7LT Inspection and’@leaning

Inspection and Cleaning describes how 1o inspect for dirt and damage onand
how to clean the exterior and intericr of the 222A Digital Storage OscillcsCope,
Inspection and cleaning are done as preventive maintenance. Preventive
maintenance, when done reguiarly, may prevent oscilloscope malfunction,and
enhiance its reliability.

Preventive maintenance consists of visually inspecting and cleaning the
oscilfoscope and using general care when operating it.

How often to do maintenance depends on the severity of 1he environment in
which the oscilloscope is used. A praper time to perform preventive mainte-
nance is just before oscilloscope adjustment.

General Care

The cabinet helps keep dust out of the oscilloscope and should normally be in
place when operating the oscilloscope. The oscilloscope's front cover pro-
tects the front pane| and display from dust and damage. Instali it when storing
of ransponing the oscilloscope.

Inspection and
Cleaning Procedures

iInspect and clean the oscilloscope as often as operaling conditions require.
The coilection of dirt on components inside can cause them 1o overheat and
breakdown. (Dirt acts as an insulating blanket, preventing efficient heat dissi-
pation.) Ditt also provides an electrical conduction path that could cause an
oscilloscope failure, especially under high-humidity conditions.

Avoid the use of chemical cleaning agents which might damage the
plastics used in this oscilloscope. Use only defonized water when
cleaning the menu buttons or front-panel buttons. Use a 75% iso-
propyl alcohal solution as a cleaner and rinse with deionized wa-
ter. Before using any other type of cleaner, consult your Tektronix
Service Certter or represertative.

222A Service Manual
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Inspection — Exterior

Using Table B-2 as a guide, inspedt the outside of the*astilleseope for dam-
age, wear, and missing parts. Oscilloscopes that appear igfhaveapen
dropped or otherwise abused shouid be checked thoroughlytowerify correct
operation and perfarmance. Repair defects that could cause peggonallinjury or
isad to further damage to the oscilloscope immediately.

Tabie 6-2: External Inspection Check List

Item

Inspect For Repalr Action

Cabinget, front panel,

Cracks, scratches, deformations, damaged Repair or replace defective module.

and cover hardware or gaskets.
Front-panel knobs Missing, damaged, or loose knobs. Repair or replace missing or defective
knobs.
Connectors Broken shelis, cracked insulation, and Repalr or replace defective modutes. Clear
deformed contacts. Dirt in connectors. or wash out dirt.
Carrying handle, bail,  Carrect operation. Repair or replace defective module.

cabinet feet.

ACCessaries

Missing ilems or paris of items, bent pins,  Repalr or replace damaged or missing
broken or frayad cables, and damaged items, frayed cables, and defective
connectors. modules.

Cleaning Procedure — Exterior

To prevent getling moisture inside the oscilloscope during external
cleaning, use onfy enough liquid to dampen the cloth or applicator.

1. Remove loose dust on the outside of the oscilioscope with a lint free
cloth.

2. Remove remaining dirt with a lint free cloth dampened in a general pur-
pose detergent-and-water solution. Do not use abrasive cleaners.

3. Clean the light fiters and ihe CRT face with a lint-free clath dampened
with either isopropyl alcoho! or a mild, general purpcse detergent-and-wa-
ter solution.

6-6
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Inspection — Interior

Inspection and Cleaning

To access the inside of the oscilloscope for inspectiondand cle@ning, refer to
the Removal and instaltation Procedures in this section.

Using Table 6-3 as a guide, inspect the imemal portions of the oseillosgbpe
for damage and wear. Defects found sheuld be repaired immediately!

It any electrical module is repaired or replaced, check Table 5-1 in Section 510
see if It is necessary to adjust the oscilioscops.

To prevent damage from electrical arcing, ensura that circuit boards
and components are dry before apptying power to the oscilfoscope.

Table 6-3: Internal Inspection Check List

tem

Inspect For

Repair Action

Circuit boards

Loose, broken, or coroded solder con-
nections. Burned circuit boards. Bumned,
broken, or cracked circuit-run plating.

Repair or replace the module.

Resistors

Burned, cracked, broken, blistered
condition.

Repair or replace the module,

Solder connections

Cold solder or rosin joints.

Resoider joint and clean with isopropy!
alcohot,

Capacitors

Damaged or leaking cases, Corfoded
solder on leads or terminals.

Repair or replace the moduls.

Semiconductors

Loosely inserted in sockets. Distorted
pins.

Firmly seat loose semiconductors. Re-
move devices that have distortad pins.
Using long-nose pliers, carefully straight-
en pins (as required to fit the sockety, and
insert semiconductor firmly. Ensure that
straightening action does not crack pins,
which can causg them to break off.

Wiring and cables

Loose plugs or connectors. Burned,
broken, or frayed wiring.

Firmly seat connectors. Repair or replace
modules with defective wires or cables,

Chassis

Dents, deformations, and damaged
hardware.

Straighten, repair, ar replace defective
hardware.

222A Service Manual
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Cleaning Procedure — Interior

if, after doing steps 1 and 2, a module is cleafl uponsnspection, skip
the remaining steps.

1. Blow off dust with dry, low-pressure, deionized air (approxigiatahy 8 psi).

2. Remove any remaining dust with a lint free cloth dampened in isgpropy!
alcohol (75% solution} and rinse with a warm deionized water, (A
cotton-tipped applicator is useful for cleaning in narraw spaces and'an
circuit boards.)

3. [l steps 1 and 2 do not remove ail the dust or din, the oscilloscope may be
spray washed using a solution of 75% isopropyl alcohol by doing steps 4
through 8.

4. Gain access to the parts to be cleaned by removing easily accessible
shields and panels (see Removal and Instalfation Procedures).

5. Spray wash dirty parts with the isopropyl alcohaol end wzit 80 seconds for
the majority of the alcohol to evaporate.

6. Use hot (49°C 1o 60°C) deionized water to thoroughly rinse them,
7. Dry all parts with low-pressure, deionized air.

8. Dry all components and assemblies in an oven or drying compartment
using low-termperature {52°C to 66 °C) circulating air.

Lubrication

There is no periodic lubrication required for this oscitloscops.

6.8
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ul I1 Removal and Installation Procedures

e

This subsection contains procedures for removal and installationiof all me-
chanical and electrical modules, Any mechanical module, assemigly, Or part
listed in Section 10 of this manual is a module.

WARNING

Before performing this or any other procedure in this manual, read
the Satety Summary at the beginning of this manual. Aiso, to prevent
possible infury to service personne! or damage o components of
this oscifloscope, read Befare Servicing and Supplying Operating
Power in Section 2 and Preventing ESD in this section.

This subsection contains the following:

This preparatory informaticon that you nead to properly do the procedures
that follow.

List of Equiprnent required to remove and disassemble all modules.

Procedures for removal and reinstallation of ihe electiical and mechanical
modules.

A circuit board modula locator diagram (see Figure 6-1) for identitying the
circuit boards in this oscilloscope.

Module disassembly procedures.

WARNING

To prevent serious infury or death, disconnect the external power
connection and the battery from the oscilloscope before doing any
procedure in this subsection.

List of Modules

Section 8 lists all electrical modules and Section 10 lists all mechanical
moduies.

222A Service Manual
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General Instructions

MODULE.

@ READ THESE GENERAL INSTRUCTIONS BEFOREREMOVING A

First read over the Summary of Procedures that followst@ understand
how the procedures arz grouped. Then read Equipmentfaeglired ior &
list of the tools needed 1o remove and install modules in this gsefilo;
scape.

If you are disassembling this oscilloscope for cleaning or servicehdo
the procedure Front and Top Case on page 6-13 and then the appros
priate procedures Jor circuit board/assembly removal.

NOTE

Read the procedures in Inspection and Cleaning on page 6-5
before disassembling the oscifloscope for cleaning.

Summary of Procedures

The procedures are described in the order in which they appear in this section.
In addition, you can ook up ary procedure for removal and reinstallation of
any module in the Table of Contents of this manual.

Front and Top Case procedurs on page 6-13 remcves the top and front
c&se pieces 1o provide access o all internal moduies.

CRT and Power Supply Board procedure on page 6-16 removes the CRT
and Power Supply board as an assembly from the bottom case.

CPU[Display Board procadure on page 6-18 removes the CPU/Display
oard from the bottom case.

Acquisition board and Main board procedure on page 6-19, removes the
Acqguisition and Main boards as an assembly from the bottom case.

Frort Panel Board procedure on page 6-22 separates the Front Pane!
board from the Front case.

Keypad board removal procedure on page 6§-23 separates the Keypad
board from the Top case.

Pot board procedure on page 8-24 removes the Pot board from the poten-
ticmeter pracket.

Equipment Required

Most modules in thig oscilioscope can be removed with a screwdriver handle
mounted with a size T-15, Tox & screwdriver tip. Table 6-4 lists the tools
needed to remove and replace the modules in she oscilloscope. All equipment
required to remove and reinstall each module is listed at the beginning of its
procedure.

Malntenance
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Table 6-4: Tools Required for Module Removal and Instaliation

Item Name Description Tektroni’Part Number
No.

1 0.050 inch Hex wrench L-shaped for bbest access 10 knob set screws

2 Serewdriver handle Accepts Torx® driver tips Q03-0301-00

3 Torx head tip T-15 tip (recommended 2 inch length) 003-0866-00

4 Angle-tipped Tweezers Standard tool

5 Adhesive PRISM 454 gel, Loctite #45440

6 Accelerator Tak Pak spray, Loctite #14647

Circuit Board ldentification

Figure 6-1 identifies and shows the location of the oscilloscope circuit boards.

- The procedure Front and Top Cass on page 6-13 provides access to the

circuit boards.

Afl assermnbly and disassembly of the instrument must be done ar an
approved anti-static work station. The semicongductor devices in the
instrument are highly susceptible to static discharge damage.

222A Service Manual
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Front and Top Case

The Front and Top Case procedure prepares the oscill@sgbpedr access to
internal modules or to internal calibration adjustments. Refeds Figures §-2
and §-3 during the following procedurae,

Equipment Required {See Table 6-4)

0.050 inch Hex wrench (ltem 1)
Screwdriver handfe with T-15 tip (items 2 and 3)
Angle-tipped Tweezers (fterm 4)

1. Remaove probes, probe pouch and battery cover.

a. Unzip the prebe pouch; unplug the probes (if connected) and remove
the probes from the pouch.

b. Place the instrumant on its side and slide the probe pouch and hattery
compartment cover toward the rear of the instrument to disengage the
locking tabs.

c. Lift the probe pouch and battery compartment cover up and off the
instrument,

2. Remaove the battery: Disconnect the three wire battery connector and
remave the battery pack from the compariment.

3. Remove the front-panel knob assemblies.

a. Remove the three smaller rubber knok shells labeled POS (two shells)
and AUTO LVL:PUSH. This can easily be done by placing a small
angle-tipped object (such as a tweezers) behind the knob shell and
gently prying the knob shell off the knob insert. Figure 6-2 shows how
to take the knobs off.

b. Using & 0.050 inch hexagonal wrench, loosen the setscrews in the
exposed knob inserts and remove them.

c. Remove the three targer, knob shells and inserts in the same manner
as the smaller ones.

4. Remove screws from the bottom case.

a. Place the instrument on its top case as shown in Figure 6-3. Lift the
flip stand up.

b. Use a T-15 Torx-head tip screwdriver 1o remove the two shor screws
at the front, the two long screws at the rear, and the jong screw lo-
cated under the flip stand. Fold the fiip stand back against the case.

222A Service Manual Scans by ArtekMedia => 2010 6-13
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Figure 6-2: Removing Knebs From the Front Panel

5. Remove the front case.

a. Turn the instrument over and set it down with the front panel facing
you,

b. Pull the bottom of the front case piece out until it clears the bottom
case, Disengage the front case from the top case and carefully pull it
away from the instrument, extending the connecting cables onty about
an inch.

c. Note the orientation of the six-wire cable that comes from the Keypad
board {attached to the top case}, to the Front Panel board for correct
installation later. Discannect the cable at the Front Panel board.

6-14
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Figure 6-3: Removing Screws from the Bottom Case

6. Lift the top case off the instrument.

NOTE

if you are removing the top case for calibration only, do not disas-
sembie the instrument further. Do not separate the Front Panel or
Keypad hoard from their case attachments unless you intend to
change the boards or their rubber push-button actuatars.

7. Reinstallation: I any circuit boards were removed, ensure that they are
now positioned correctiy for reassemply. To install the top case, carefully
align the two halves while making sure the following items are ali in place:

a. The probe receptacle is in its grooves and the COMM Port is in the

case slot.

b. The Keypad board guide posts fit in the heles of the Pot board brack-
et.

c. The handie strap is properly captured between the top and bottom
clips in the case halves.
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Perform Steps 1-6 in reverse order. When installingfthe bottom case
screws apply 4 in/Ibs of torque. When replacingfbaiit €izes of knob in-
serls, position the smaller diameter surface towanlsfneinmdirument. Space
the large inserts 0.2 from the front case and the sMmall#nob inserts 0.2"
from the large inserts to ensure travai for the center pashdatiton of each

potentiometer.

Do not avertighten the setscrews in the knob inserts. Excessive
pressure can burr the potentiometer shafts and make the knobs
difficult to remove. The recommended torque is 2 inftbs.

CRT and Power Supply Board

The CRT and Power Supply board remaval procedure removes the CRT and
Power Supply board as an assembly from the bottorn case. Refer to Figure 64
during this procedure.

Equipment Required (See Table 6-4)

0.050 inch Hex wrench (item 1)
Screwdriver handie with T-15 tip (ffems 2 and 3)
Angie-tipped Tweezers (ltem 4)

To gain access to the circuit board, remove the front case and top case:
Perform the procedure Front and Top Case on page 6-13.

WARNING

The CAT is a high-vacuum component. Wear the proper eye protec-
tion when handling the CRT. Use care not to place excessive strain
on the neck or connector pins. Piace the CRT in a protected foca-
tion while it is out of the instrumemnt.

Aemove the probe receptacle: Pull the probe receptacte up and out of the
bottom case. You can leave the input signal cables connected to the
Acquisilion board,

Remove the CRT and the Power Supply board.

a. Pull up on the front of the CRT until you can grasp the Power Supply
board. Leave the support bracket on the neck of the CRT.

b. Hold the CRT up a little while you pull the Power Supply board up
from the front and out of its connectors on the Main board.

6-16
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c. Bringthe CRT and Power Supply board forward and out of the instru-
ment. The INTENSITY adjusiment knob extendgiiirough the rear panal
and must be moved forward for removal,

Ad Power Supply Board

Figure 6-4: Removing the CRT Assembly

4. Disconnect the CRT: Grasp the CRT socket harmness at its front while

hclding the CRT abaut its neck. Wiggie the socket back and forth as you
pudl it off the CRT. Take care not ta pull the back cover off the socket as
this will free the connecting wires from W1 on the Power Supply board and
require their reinstailation in the socket.

To insert the connecting wires from W1 into the CRT socket, place the
shielded lead at pin 1 {the isolated socket pin} and then inser pins 2
through 9 clockwise from pin 1. You might find it helpful to place the
socket, minus the cap, on the CRT and then insen wires through the
socket onto the CRT pins. The wires are color coded to match the pin
numbering of the CRT pins and the W1 connections on the circuit board,

Replace the CHT: Place the CRT in a safe place if it is to be reinstalled or
dispose of it safely if it is defective. |f replacing the CRT, unsnap the
bottom half of the support bracket from the top hall and rernove the brack-
ets from the CAT,

Reinstallation: If you are replacing the Power Supply board, move the
extension knob fromn the INTEN (intensity) conirol to the new board.

222A Service Manual
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Perform Steps 1-5 in reverse order. Ensure that the CRT neck support
bracket rests on the alignment pin in the bottom€ase/As you lower the
CRTY into place, align the support bracket guices witiitheslots on the
Fower Supply and CPU/Display boards and the squafeicles on the
Acquisition board assembly.

CPU/Display Board

The CPU/Display board removal procedure removes the CPU/Display b@ard
frorn the bottom case. Refer to Figure 6-6 during this procedure.

Equipment Required {(See Table 6-4)

0.050 inch Hex wrench (ftem 1)
Screwdriver handle with T-15 tip (ftems 2 and 3}
Angle-tipped Tweezers (ftem 4}

1. To gain access 1o the circult board, remove the front case and top case.
Perform the procedure Front and Top Case on page 6-13.

2. Remove the probe receptacle; Pull the probe receptacle up and out of the
bottom case. You can leave the input signal cables connected to the
Acquisition board.

3. Remove the CRT and the Power Supply board.

a. Pullup onthe front of the CRT until you can grasp the Power Suppty
board. Leave the suppori bracket on the neck of the CRT.

b. Hoid the CRT up a lithe while you pull the Power Supply board up
from the front and out of its connectors on the Main board.

¢. Bring the CRT and Power Supply board forward and out of the instru-
ment. The INTENSITY adjustment knob extends through the rear panei
and must be moved forward for removal.

4. Remove the CPU/Display board: Hoid the Main board down while you pull
the CPU/Display board up at the center 1o disconnect it from the Main
board. Lift the CPU/Display board out of the bottom case.

5. Reinstallation: Align the connectors at the front end of the CPU/Display
board with the pins on the Main board. Ensure that the COMM PORT
connector is properly seated in the case slot. You may have to guide the
foam gasket strip on the back side of the board past the edge of the
bottom case. Perform Steps 1-3 in reverse order.
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A2 CPU/Display Board

Figure 8-5: Removing the CPU/Display Beard

Acquisition Board and Main Board

The Acquisition board and Main board procedure, removes the Acguisition
and Main boards as an assembiy from the bottom case. Once the assemply is
out of the case, the two boards can be easily separated. Refer to Figure -6
during this procedure.

Equipment Required (See Table 6-4)

0.050 inch Hex wrench (ftem 1)
Screwdriver handie with T-15 tip (ltems 2 and 3}
Angle-tipped Tweezers (item 4)

1. To gain access to the circuit board, remove the front case and top case:
Perform the procedure Front and Top Case on page 6-13.

2. Remove the probe receptaclie: Pull the probe receptacle up and out of the
botiom case. Disconnect the input signal cables from the Acquisition
board. Note that the CH 1 coax cable has a mark or white heat shrink at
the metal end.

3. Remove the CRT and the Power Supply board.

a. Pull up on the front of the CRT until you can grasp the Power Supply
board, l.eave the support bracket on the neck of the CRT.

b. Hoid the CRT up a littte while you pull the Power Supply board up
from the front and out of its connectors on the Main board.

222A Service Manual REV APR 1992 6-19
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c. Bring the CRT and Power Supply board fgrwarg’and out of the instru-
ment. The INTENSITY adjustment knob extepds garough the rear panel
and must be maoved forward for removal.

4. Remove the securing screw from the Main board: Rerpbve tigiT-15 Torx
head screw {see Figure 6-6 for the iocation) that holds the™ain beard to
the bottom case,

5. Hemove the Acquisition and Main board assembly from the casslGrasp
the sguare black cemponent on the Main board and carafully pull straight
up until the Main board is clear of the bottom case.

6. Separate the Acquisition board assembly from the Main board: Pull firmtby
and evenly on the fiont and lower edges of the Acquisition board agsem-
bly to separate it from the Main board.

%

AT Acquisition Board f@"{%f ////]I
[ L } 07}

~ : T T
ﬁ' I |( 4/

i

AZ Main Board

Figure 6-6: Removing the Main and Acquisition Boards as an Assembly
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7. Remove the shielding from the Acquisiion bogrd,

a. Place the Acguisition board assembly on a‘staficfree work surface
with the signai inputs up.

b. Unsnap the case halves using angle-tipped tweezers™ I0ig is bhest
done by starting with the two snaps in the middie of the gssgmbiy and
then the two at the rear,

¢, Turn the assembly over and remove the shield piece.

d. Hemove the Acquisition board from the other half.

Figure 6-7: Removing the Acquisition Board Shield

8. Reinstallation: Perform Steps 1-7 in reverse order. When placing the
Acquisition and Main board assembiy in the bottom case, guide the foam
gasket on the Acquisition board assembly past the edge of the bottom
case,

222A Service Manuail 6-27
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Front Panel Board

The Front Panel board remova! procedurs separaies the Front Ranel board
from the Front case. Refer to Figure 6-1 during the following procedure.

Equipment Required (See Table 6-4)

0.050 inch Hex wrench (tem 1)

Screwdriver hanufe with T-15 tip (tterms 2 and 3)
Angle-tipped Tweezers (ftem 4)

Adhesive and Acceferator (ftems 5 and 8)

1. To gain access to the circuit board, remove the front case and lop case:
Perform the procedure Front and Top Case on page 6-13.

2. Disconnect cebles to the Front Pane! board: Disconnect the two 14-pin
cables from the Front Panel board; lay the front case piece downon a
static-free work surface.

3. Remove the Front Pane! board: Remove the Front Panel board from the
front case piece by carefully breaking the glue off the guide posts that
protrude through the board.

D0 not atternpt to rernove the glue by meliing it with a heat gun.
Excessive heat can damage the plastic front pane! assembly.

4. If replacement is necessary, remove the the rubber pusnbutton actuator

mat,

Do not touch either the switch contact area on the Front Panel
board or the carbon contact area on the pushbutton actuatar mat
with bare fingers. Body oils can corrode the contact surfaces.

5. Reinstaliation: Perform Steps 1-3 in reverse order. Ensure that you orient
the bution text correctly. Secure the Front Panel board to the front case
using a small amount of adhesive and acecelerator on each guide post.
Refer to the adhesive manufactures nstructions for proper use and safety
precautions,
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Keypad Board

The Keypad board removal procedure separates the Kéypadbfard from the
Top case. Refer to Figure 6-1 during the following proceddre

Equipment Required (See Table 6-4)

0.050 inch Hex wrench (lftem 1)

Screwdriver handie with T-15 tip (fterns 2 and 3)
Angle-tipped Tweezers (ltem 4)

Adhesive and Acceleralor (tems 5 and 6)

1. To gain access 1o fhe circuit board, remove the front case and top case:
Pertorm the procedure Front and Top Case on page 6-13.

2. Position the Top case: Lay the Top case down with the Keypad board
visible.

3. Remove the Keypad board: Remove the Keypad board from the Top case
by caretully breaking the glue off the guide posts protruding through the
board. Remove the Keypad board.

4. Remove the rubber pushbutton actuator mat if replacement is necessary.

NOTE

Do not touch either the switch contact area on the Keypad board or
the carbon contact area on the pushbutton actuators with bare
fingers. Body oils can corrode the comact surfaces.

NOTE

Do not glue the two guide posts nearest the side of the case.

5. Reinstaliation: Perform Steps 1-4 in reverse order, Ensure that the text is
oriented comrectly. Secure the Front Panel board to the Front case by
applying a small amount of adhesive and accelerator on each cuide post
while applying slight pressure 1o the board. Refer to the adhesive man-
ufaclures instructions for proper use and satety precautions.

222A Service Manual
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Pot Board

The Pot board removal procedure removes the Pot Board from the potentiome-
ter bracket. Refer to Figure 6-1 during the following procgdured

Equipment Required (See Table 6-4)

0.050 inch Hex wrench (ltem 1)

Screwdriver handle with T-15 tip (ftems 2 and 3)
Angle-tipped Tweezers (ftem 4)

Adhesive and Accelerator (items 5 and 6)

1. To gain access to the circuit board, remove the front case and top case:
Perform the procedure Front and Top Case on page 6-13.

2. Remove the Pot board assembly: Lift the Pot board assemkly out of the
bottom case, Note the siots in the bottom case that align with slots in the
metal bracket holding the Pot board.

3. Remove the Poi board. Remove the T-15 Torx head screw from the Pot
board. Slide the Pot board from the meta! bracket.

4. Reinstallation: Perform Steps 1-3 in reverse order.
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This subsection contains informnation and procedures designed t@ helpiyou
isolate and repair fauity circuitry in the oscilloscope.

The troubleshooting information presented here is of two types:

w  Troubleshooting procedures guide you by sympioms and checks io e
faulty module. The Troubleshoating Procedures are located in Diggrams,
Section 8, of this manual. A description of their use follows.

m Interral dizgnostic software displays error codes to a connected terminal.
A diagnostic failure is indicated on the oscilioscope display by the mes-
sage FAIL. The descrigtion of the internal diagnostics begins on
page 6-26.

Troubleshooting
Procedures

The trecubleshooting procedures help you locate and repair fauily components
in the 222A. They are designed to be used with the Theory of Operaticn in
Section 3 and the Schematic Diagrams in Section 9.

The troubleshooting procedures cover all the circuitry in the oscllloscope
including the CRT and power supplies. Since much of the circuitry is surface
mounted, you need to know how 10 probe and soider these components.

CAUTION

Do nat short together adjiacent pins of an IC. Many of the ICs have
their power and ground leads next to each other, The short Circuit
curremnt supplied by the power supply can destroy the iC leads, the
circuit board runs, and the circuit board.

How to Use the Troubleshooting Procedures

The troubleshoacting procedures begin with a thiee-page basic procedure on
nage 9-5. This basic procedure helps you isolate the problem to a suspect
circuit board. You then have the cption of either replacing the suspect circuit
board or of performing an indicated troubleshooting procedure. For example, if
the Basic procedure indicates that the A1 Acgquisition board is suspect, you
could replace it with a fresh board or you could perfom the Acquisition
Troubleshooting Procedure as indicated in the basic procedure.

The troubleshoating procedures include illustrations of critical signals where
appropriate. These signal illustrations are placed on the froubleshooting
procedure or on the following page.

222A Service Manuai
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After repairing or replacing a madule, you should perfapm the complete Adjust-
ment Procedurses in Section 5. Then perform the BagiC Pocedures and Per-
formance Checks in Section 4 to ensure correct operation ofthe oscilloscape.,

Organization of Troubleshooting Procedures

The troubleshooting procedures begin with the hasic procedure oppage8-6.
This procedure occupies three pages. Thereafter, the circuit specific figublgs
shooting proceduras follow the circuit board order. That is, the A1 Acquigition
board troubieshooting procedures precede the A2 CPU/Display procedures:
The troubleshooting procedure(s) for each circuit board are grouped with thefr
circuit board iliustrations and componen: locator tables.

222A Diagnostics

This 222A contains imemal diagnostic routines that can help you localize
madule failures. If the diagnostics detect a failure during power up or self-cali-
bration routines, the instrument will send an error message over the RS-232-C
interface {the COMM PGRT connection on the rear panel} to a connected
terminal or host computer. Cnly PASS/FAIL self calibration messages are
displayed on the CRT. Refer to AS-232-C Connection in this section tor com-
piete information on RS-232-C pararmeters and connection requirements.

The 222A oscilloscope can produce diagnostic information in two ways:

m  Power up diagnostics run when you press the ON button. These diagnos-
tics check basic functionality and communication between the primary
circuit beards. Any problems are reported as error codes when the 222A is
connected 1o a terminal, Only a PASS/FAIL message is displayed on the
ascillosconps CRT.

s Self cafibration produces error codes when the oscilloscope has a prob-
lern completing self calibration for an input channel or the external trigger.
Any problems are reported as error codes when the 2224 is connecied to
a terminal. Only a PASS/FAIL message is displayed on the oscilloscope
CRT.

RS-232-C Connection

The rear panel COMM PORT is an RS-232-C type serial communication port.
To connect a terminal you will need a compatible cabte. Table 6-5 shows
pin-to-pin wiring for several possible communications devices. You can pur-
chase & cable compatible with a PC XT® from Tektronix. Refer 1o the Options
section in this manuai for more information cn this optional accessory.

The default R8-232-C configuration of the 2224 is as follows:

m  Start bits: 1
= Stop bits: 1
m  Databils: 8

m  Parity: None

6-26
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= Flow Coniroi: XON/XOFF

B Signals; BX, TX, and SGND are functional, SGND ig cenpected intemaily
to EXT TRIG COMM. DSR and CT8 are always high. DIR goieg active
tums the scope on and RTS is ignored.

Table 6-5. RS-232-C Interconnect Wiring for the 2224

DCE Maie at To DCE Modem ToDTEPRPCXT  To DTE PG AT
222A

cD 11 § CD 8CD 1CD
RX 2 27X 3RX 2 RX
X3 3 RX 2TX 371X
DTR 4 5 DSR 20 DTR 4 DTR
SGND 5! 7 GND 7 GND 5 SGND
DSR & 20 DTR 6 DSR 8 DSR
RTS 71 5CTS 4RTS 7 RTS
CTS 8 4 RTS 5CT8 8 CTS
Ri gt 22 Rt 22 Ri 9nRI

1This connection is opiional.

Diagnostic Firmware

The Diagnostic software resides in two intermnal EEPROMs located on the A2
CPU/Display board. If either of ihese devices are reptaced, the osclioscope
firmware will need to be loaded before the instrurment or its diagnostics can
operate. Refer to Firmware Instaliation on page 6-31 in this section.

Power-up Error Codes

When the instrument powers up, the contents of the microorocessor EEFROMs
are checked for incorrect data that would indicate corrupted calibration con-
stants. If the instrument fails the power-up tests, the oscilloscops can send
error codes via the RS-232-C interface to a terminal or host computer. Refer {o
Table 6-6 for emror codes, descriptions, and recomimended corrective actions.

Any combination of power-up efror codes may occur. The last two digits of the
error code are a hexadecimal number that can be converted to an eight bit
binary number. After converting to binary and determining which bits are high
(set to 1), use Table 6-6 to determine which self calioration procedures to
perforim.

222A Service Manual Scans by Artekledia == 2010 6-27



Troubleshooting

Scans by Artekmedia == 2010

For exarnple, suppose the terminal shows the follgwingferor code:

4002 0021

Convert the hexadecimal vaiue of 21 1o binary format as™iglidws:

Bit Field

4 | 31 210

g o o o |1

Note that the 0 bit and the 5th bit are high. Find the corresponding row in the
Bit Field column in Table 6-6. The lable indicates that CH 1 gain constant and
CH 2 trigger constant errars occeurred, As the Comrective Action column indi-
cates, you should perform the CH 1 gain and the CH 2 trigger gain self-calibra-
tion procedures to carrect the probiems. Self calibration procedures are
described in Brief Procedures in the Performance Verification section.

Table 6-6: Power-up Error Codes

Code Bit Field Cescription Corrective Action

4001 EEPROM checksum bad Perform alt self calibrations

4002 FFFF Initial self cal needed Periorm all self calibrations

4002 0001 0 CH 1 gain constant error Perform CH 1 gain self calibration

4002 0002 1 CH 2 gain constant error Perform CH 2 gain self calibration
_4002054 d __2_ N CH:re;ere;econs;t erré_r___— Perf;r_r_nCH 1 reference séh‘ calibration o

4002 0008 3 CH 2 reference constant error Perferm CH 2 reference self calibration

4002 0010 4 CH 1 trigger constant arrcr Perform CH 1 trigger gain self calibration

4002 0020 5 CH 2 trigger constant error Perform CH 2 Yrigger gain self calibration

4002 0040 6 Extemal trigger constant etror Perform external frigger self calibration

4002 0080 7 Clock delay constant error Perform ciock delay selif calibration

Self Calibration Error Codes

Wwhzan you run a self calibration process, the osciiloscope wiil display a PASS
or FAIL message when calibratian finishes. If a calibration process fails, the
oscliloscope can send error codes via the RS-232-C interface 1o a terminal or
host computer. When calibration falils, the associated calibration constants are
not updated. As the instrument is tumed off and back on, it will continue to
output calibration constant error codes. A successiul seli-calibration routine
will correct the calibration constants and eliminate the error messages.

When a self calibration process fails, several error messages may be sent

before the calibration process stops. Table 6-7 descriptiens the possible error
codes and the recommended corrective actions.

6-28

Maintenance



Troubleshooting

Table 6-7: Self Calibration Error Codes

Cotde Description

8009 XXX Trigger search error

8013 XXXX External trigger offset range error
8014 XXXX External Irigger hysteresis error
8013 XXX Clock delay error

8101 XXxXx2 CH 1 acquisition timeout error
8102 XXXX CH 1 mid position search efror
B103 XXXX CH 1 mid position range efror
8104 XXX CH 1 otfset search error

8105 XXXX CH 1 offset range error

8106 JO0KK CH 1 offset gain error
Poreiiv C_F;.;l--_g.éa_range iy B
8108 XXXX CH 1 gain search error

8109 XXX CH 1 trigger search error

8110 X006 CH 1 trigger offset range error
8111 XXXX CH 1 trigger gain enor

8112 XXX CH 1 trigger hysteresis error
8116 X0XX CH 1 acquisition delay error
8201 XXXX2 CH 2 acquisition timeout error
8202 XXXX : CH 2 mid position search eror
8203 XXXX CH 2 mid posilion range error
8204 XXX CH 2 otiset search error

8205 XXXX CH 2 offset range error

8207 XXXX CH 2 gain range error

8208 XXXX CH 2 gain search error

8208 XXXX CH 2 trigger search error

B210 XAXX CH 2 trigger offset range error
8211 XXX CH 2 trigger gain ernor

8212 XXX CH 2 trigger hysteresis error
8216 XXXX CH 2 acquisition delay error

1 To repair BOXX failures, check and repair the A3 Main board. If the problem still exists,
then check and repair the A2 CPU/Display board.

2 To repair 81XX and B2XX failures, replace the A1 Acquisition board.
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Table 6-8 provides a quick index to the self calibration grocedures.

Table 6-8: index To Self Calibration Pracedtres

Procedure page NOmber
CH 1 and CH 2 GAIN 510

CH 1 and CH 2 REFERENCE 5.

CLOCK DELAY 511

EXT TRIG T T T s

Under unusual circumstances, functional processes may be disrupted during
normal operation, resulting in the transmission of error messages out the
R8-232-C port. See Table 6-9 for errar codes, descriptions, and corrective
actions,

Table 6-9: Error Codes Qccurring During Normal Operation

Code Description

80091 Alto level trigger search error
FOO002 COP timeout errar

FOO1 lllegal opcode execution
FO02 Interrupt exception

FOO3 Task exception

1indicates a failure tc Yocate and trigger on the signal. In Auto Leval trigger mode, the error
code will be cutput continuously until the signal can be located. tf this condition oceurs for

ail signals, perform the CH 1 and CH 2 sel calibration procedures, Most likely, one of them
will indicate a trigger system fziiure which shouid be cofrected by replacing the Acquisition
cireuit hoard, If the problem still accurs, replace the Main eircuit board,

2The PXOCX codes result in 2 system reset. If the front panel settings appear to be cor-
rupted, they are returned to the default values. If these error codes occur frequentiy, itis
likely that a failure has cccurred on the CPU circuit board; sepiace it to ¢carrect the problem.

Incorract contral settings can give a false indication of instrument malfunction.
If there is any question akout the correct function or operation of ary control,
reter to the operating information in the Qperator Manual.
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Firmware [nstallation

You should install new 222A firmware after replacing fhe EEFROMs on the A2
CPU/Display board or when you choose to upgrade yollr instument’s firm-
ware.

To install the 222A firmware you will need the firmware instailationkit availatle
from Tektronix, a PC XTE compatible computer, and the RS-232-€ Intercon-
nection cable accessary listed in the Optional Accessories section. ThHE
firmware installation kit cortains eoftware on fioppy disk, a special inteffaca
cable, and complete instructions. The instruction sheet describes now to
connect the special interface cable and how to install and run the installation
saftware on your PCXT& . Your PC XT & computer must have an RS-232-C
imerface port, a parallel printer interface, and the CrossTalk software package
installed.

NOTE

You must supply a PCXT® or compatible computer to run the firm-
ware instalfation sohware, A computer is not included in the firm-
ware instaifation kit.

To order ihe firmware instaliation kit, see Optional Accessories, in Section 7
for the Kit part number,

Troubleshooting
Equipment

The equipment listed in Table 4-1 of this manual, or equivalent equigment,
may be useful while froubleshooting this oscilloscope.

222A Service Manuai
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IRy’ 1|7/ Options and Aceéssories

This section describes options as well as the standard and opticaal accesso-
ries availabie for the 2224 Digital Storage Oscillescope. To order an @Ccesso-
ry, determine its part number and contact your iocal Tektronix field office or
representative. In the United States, you can also call the Tektronix Natiorial
Marketing Center {oll-free at 1-800-426-2200.

For more information about Tektranix products and accesscories, see the
current Tektronix Product Catalog.

Options You can order the 222A with the following options.

Table 7-1: Instrument Cptions

Option Description Part Number

Option 05 instrument supplied CAT200
with CAT200 Virtual Instru-
rment Software

Option 04 instrument supplied with ~ WP200
WP200 Inteliigent Printer
Interface

Option 03 Istrument supplied with P8sc
P850 probes instead of
P40

The 2224 includes an External Power AC Adapter as a standard accessory,
External Power AC 3
Adapter Options The following options for the External Power AC Adapter are available;

Table 7-2: External Power AC Adapter Options

Option Description Part Number

Option 02 Instrument supplied None
without extemnal power AC
adapter

Option At Universal European 220V, 120-1828-00
50 Hz

Option A2 UK 240 V, 50 Hz 120-1827-00
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Standard The following accessories are included with the 222A.
Accessories |
Table 7-3: Standard Accessories

Accessory Part Number
2224 Digital Storage Oscilloscope Operator Manual 070-8328-00
222A Digital Storage Oscilloscope Quick Reference 070-8329-Q0
Standard (U.S.} External Power :f\C Adapter _ 120—186‘;"——0'7 =
Cairy Case 016-1024-00
Cabinet feet accessory kit 020-1752-00
1X probe with accessories {two included) P400

Optional Accessories You can alsc order the following 8Ccessories.

Table 7-4: Optional Accessorles

Accessory Pant Number

2224 Service Manual 070-8330-00
Spars Battery 146-0075-00
Accessory pouch (for spare battery or 016-0993-00
External Power AC Adapter)

RS-232-C cable 174-1453-00
BNC-female-to-dual-banana adapter 103-0090-00
Miniature-probe-tip-to-BNC adapter $13-0084-03
10X probe with accessaries P850

Set of two 1est Ieads (red and hlack) with ALMOD2

miniature probe tips

External trigger probe with accessories (requires BNC-fe- P6122
male-to-dual-banana adapter)

Virtual instrument software package

CAT200

External battery charger with other field accessories: BAT200
External battery charger unit
External battery charger data sheet
Two accessory pouches
Viewing hood
Spare battery
Cigarette lighter adapter power cable
Accessory kit data sheet

Firmware Installation Kit 067-0210-M
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' Replaceable Electrical Parts

e

Parts Ordering
Information

Replacement parts are available from or through your local Tektronix, IncS
Field Office or representative.

When ardering pans, include tha following information in your order: part
number, INstrument type or number, serial number, and modHication number if
applicable.

If a part you have ordered has been replaced with a new or improved part,
your local Tektronix, Inc., Field Office or representative will contact you con-
cerning any change in part number.

Change information, if any, is located at the rear of this manual.

List of Assembiies

A list of assemblies can be found at the beginning of the electrical parts list,
The assemblies are listed in pumerical order. When the complete component
numper of a part is known, this list will idemntify the assembly in which e part
is located.

Cross Index-Mfr.
Code Number to
Manufacturer

The Mig. Code Number to Manufacturer Cross index for the electrical pans list
is located immediately after this page. The cross index provides codes,
names, and addresses of manufacturers of components listed in the eilectrical
parts list.

Abbreviations

Abbreviations conform to American National Standard Y1.1.

Component Number
{cotumn 1 of the parts list}

Example a. component number
AZ3R1234 A23 R1234
- e . .
Assembly number " .. Circuit number

Read: Resistor 1234 of Assembly 23

Example b. component number
—— __-‘h-‘
A23AZR1234 A23 A2 R1234 Circuit

Assembly number—" /Subassembly number -humber
Read: Resistor 1234 of Subassembly 2 of Assembly 23

2224 Service Manual
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The circuit component’s number appears on the diagramsgnd circuit board
iHustrations. Each diagram and circuit board illustrationgs Clearly marked with
the assembiy number. Assembly numbers are also marked.en'the mechanical
expioded views located in the mechanical parts list. The cgMmpaneht number is
obtained by adding the assembly number prefix to the circuitTumber.

The electrical parts list is divided and arranged by assemblies iR pémerical
sequence (for example, assembly Al with its subassembiies and parigfres
cedes assembly A2 with its subassemblies and parts).

Chassis-mounted pans have no assembly number prefix and are located &t
the end of ihe electrical parts list.

Tektronix Part No.

{column 2 of the parts list)

Indicates part number to be used when ordering a replacement part from
Tekironix.

Serial No.
(columns 3 & 4 of the parts list)

Column three (3} indicates the serial nurmber at which the part was first used.
Column four {4) indicates the serial number &t which the part was removed. No
serial number entered indicetes part is good for all serial numbers.

Name & Description
{column five of the parns list)

In the parts list, an item name is separated from the description by a colon ().
Because of space lirnitations, an iem name may sometimes appear as in-
complete, For further itern name identification, the U.S. Federal Catalog hand-
book HE5-1 can be used where possible.

Mfr. Code

{coluinn 6 of the parts list)

indicates the cade number of the actual manutacturer of the part. (Code to
name and address cross reference can be found immediately after this page.)

Mifr. Part No.

{column 7 of the parts list)

Indicates the actual manutacturer's part number.

8-2
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CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER

Mir.
Code  Manufacturer Address City, State, Zip Code
50482 SCNY CONSUMER ELECTRONICS TOKYD JAPAN
TKOBYS  MATSUQ ELECTRONICS INC 831 SDOUBLAS ST EL SEGUNDO CA 92641
TK1146  MITSUBISHI ELECTRIC CORP 1230 OAKMEAD PARKWAY SUMNNYVALE CA 94086
TK1818  AMERICAN KSS INC 2620 AUGUSTINE OR SUITE 100 SANTA CLARA CA 35054
TK2073 TOCOS AMERICA INC 565 W GULF ROAD ARLNGTON HEIGHTS IL 60005
TEZ236  INTERNATIONAL IMPORTERS INC 5221 S MILLARD AVE CHICAGO 1L 80632
TKZ4€5  PRECISION INTERCONNECTIONS INC 470 WINDSOR PARK DR CENTERVILLE OH 45459
TE2466 ELECTRICAL ASSEMBLERS INC PO BOX 664 HCOD RIVER OR 97031
TK2466  UNITREK CORP 3000 LEWIS & GLARK WAY SUITE #2 VANCOUVER WA 98601
TKE0S4 VTG INC 2401 E 86TH 5T BLOOMINGTON MN 55427
CVKa ALLEGRC MICROSYSTEM 115 ME CUTCFF WORCHESTER MA 01606
0J260 COMTEK MAMNUFACTURING OF OREGON PO BOX 4200 BEAVERTON OR 97076-4200
{METALS])
06779 AMP INC 2800 FULLING MILL HARRISBURG PA 171035
PO BOX 3608
1295 TEXAS INSTRUMENTS INC 13200 N CENTRAL EXPY DALLAS TX TE265
SEMICONDUCTOR GROUP FO BOX 655012
Ddze2 AWK CERAMICS 10TH AVE SQUTH MYRTLE BEACH SC 29577
OV OF AvY, CORP F O BOX 867
04713 MOTORDLA INC 5005 E MCDOWELL RC PHOENIX AZ 85008-4229
SEMICONCUCTOR PRODUCTS SECTOR
TW344 UNITED CHEMI-CON INC 9801 W HIGGEINS ROSEMONT IL 600154704
SUITE 430
11236 CTS CORP 406 PARR ROAD BZRNE IN 456711-9508
BERNE Dhv
THICK FILM "ROQDUCTS GROUP
12687 CLARQSTAT MFG CO INC LOWER WASHINGTON 5T DOVER MNH 03820
13606 SPRAGUE ELECTRIC CO 70 PEMBROKE RD CONCORD NH 03301-5755
17856 SILICONIX INC 2201 LAURELWOOD RD SANTA CLARA CA £5054-1516
18324 SIGMNETICS COARP 4130 S MARKET COURT SACRAMENTO CA 958341222
MILITARY PRODUCTS DIV
22526 DU PONT E | CE NEMOURS AND CO INGC 515 FISHING CREEK RD NEW CUMEERLAND P4 17070-3007
DU PONT ELECTRONICS CEPT
24165 SPRAGUE ELECTRIC CC 267 LOWELL ROAD HUDSON NH 63051
24355 ANALOG DEVICES INC AT 1 INDUSTRIAL PK NORWOOD MA 02062
PO BOX 9108
25403 PHILIPS COMPONENTS DISCRETE GEOQRGE WASHINGTON HWY SMITHFELD RI 02917
PRODUCTS
DIV DISCRETE SEMICONDUCTOR GROUP
274 NATIONAL SEMICONDUCTOR CORP 2900 SEMICONDUCTOR DR SANTA CLARA CA 85051-0606
28454 JOHANSON DIELECTRICS INC 2210 SCREENLANMND DR BURBANK CA 91505-1137
PO BOX 6465
32087 BOURNS INC 1200 COLUMBLEA AVE RVERSIDE CA 52507-2114
TRIMPOT D

222A Service Manual
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CROSS INDEX - MFR. CODE NUMBER TO MANUFACTWRER

Mz
Code  Manufacturer Address City, State, ZipfCade
34849 iNTEL CORP 3065 BOWERS AVE SANTA CLARA CA 95051
SALES OFFICE /ST4-2/
34899  FAIR-RITE PRODUCTS CORP 1 COMMERCIAL ROW WALLKILL NY 12589
4T165 NEC ELECTRONICS USA ING 401 ELUS 8T MOUNTAIN VIEW CA 94038
ELECTROMN DiV PO BOX 7241
50434 HEWLETT-PACKARD CO 370 W TRIMBLE RD SAMN JOSE CA 65131
OPTQELECTRONICS DIV
53387  MINNESOTA MINING MFG CD PO BOX 2963 AUSTIN TX 78765-2G63
£4583 TDK ELECTROMICS CORP 12 HARBOR PARK DR PORT WASHINGTON NY 11580
58050  TEKA PRODUCTS INC 45 SALEM ST PROVIDENCE Ri 02907
£1058 MATSUSHITA ELECTRIC CORP OF ONE PANASONIC WAY SECAUCUS NJ 070942017
AMERICA PO BOX 1502
PANASCNIC INOUSTRIAL CO DLv
51441 SARONIX 4010 TRANSPORT T FPALO ALTO CA 04303-4913
81772  INTEGRATED DEVICE TRCHNGLOGY 3236 SCOTT BLVD SANTA CLARA CA 95051
63791 STAR MICROMICS INC 200 PARK AVE NEW YORK NY 10165-0001
SUITE 2308
TEA08 MULTICOMP ING 3005 SW 154TH TEARACE #3 BEAVERTCN QR 97006
75915 LITTELFUSE INC 800 E NORTHWEST HwWY DES PLAINES IL £0016-3049
SUB TRACOR INC
80009 TEKTRONIX INC 14150 SW KARL BRAUN DR BEAVERTCN QR 5707 7-0001
PO BOX 500
91637 DALE ELECTRONICS INC 2004 12TH AVE COLUMBUS NE 88601 -3632
FC BOX 609
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Component Tektronix Serlal No. Mir.

Number Part No. Effective Dscont Name & Description Code Mir. Part Ma.

Al 671-1887-0C CIRCUIT BC ASSY.ACQUISITION 80009 E41.1987-00

A2 671-2193-00 CIRCUIT BD ASSY.CPU/DISPLAY £0009 677-2139-00

A3 671-1988-00 CIRCUIT BD ASSY:MAIN 80009 671-1988-00

Ad 671-1990-01 CIRCUIT BD ASSY.POWER SUPPLY souUg 671-1580-M

AS £71-1991-00 CIRCUIT BD ASSY:POTENTIOMETER 86009 E71-1881-00

AB 671-0063-01 CIRCUIT ED ASSY:FRONT PANEL 80008 671-0063-01

AT 671-0269-01 CIRCUIT BD ASSY.KEYPAD 86009 £71-0269-01

Al 871-1987-00 CIRCUIT BD ASSY.ACQUISITION 80009 671-1587-00
A1AT1:D 165-2404-00 MICRQCKTLINEAR:ATTENUATOR 80002 1€5-2404-C0
ATAT160 185-2404-00 MICROCKT,LINEAR.ATTENUATOR 80002 1€5-2404-00
A1 290-5018-0C CARFXD.ELCTLT A FUFR20% 10V 13606 263D4T5X0010B2T
A1C102 283-5004-00 CARFXD.CER DIQ.TUR10%,28V 04222 W1206X104:C1 B0t
A1C103 280-5019-0C CARFXD.ELCTLT.A TUF20%, 10V 13606 2230475X0010B2T
A1C104 283-5004-0C CAPRFXD.CER DI:01UF 0%, 25V Gazz2 W1206X104<1801
A1C106 283-5004-00 CARFXD,CER DIEOAUF10%,25V Q4222 W1206x104<1B01
A1C106 283-5004-0C CAPFXD.CER DIG.1UFR1G% 28V 04222 WH206X 10411801
A1CI07 280-5019-00 CARFXD ELCTLT.4 7UR20% 30V 13600 293D47SX0M0B2T
A1C7108 283-5004-00 CARFXD,CER DI0AUFR10%,25V 04222 W1206X104K1BC1
A1C110 283 5004-00 CAFFXD,CER DED1UR10%, 28V 04222 W1Z206X104K1B01
A1C114 283-5004-00 CARFYD,CER DI0.UR10% 25V 04222 WH1206X134K1B01
A1C115 283-5004-0C CARFXD,CER DEQ1UR10%.25V 04222 W1 206X104K1EQ1
A1C116 2090-5019-00 CARFXD ELCTLIT4 7UR20%, 10V 13606 293D478X0010B2Y
ATC120 283-5004-0C CAPFAD,CER DIO1UFR10%,25Y 04222 W1206X104K 1801
A1C121 283-5188-00 CAPRFXD,CER DINGOPFS%, 100V 04222 WH206C101J3B04
A1C122 283-5188-00 CAPFXD.CER DI100PE5% 100V 04222 W1206C10142804
A1C123 283-5004-00 CAFFXD,CER DI:0.1UF10%,25V 04z22 W1206X104K1B01
A1C124 283-5188-00 CAFFXD.CER DE100PFS %, 100V D4222 W1206C101J3604
A1C125 283-5183-0C CARFXD.CER DL10QPFS%, 100V 04z22 W1206C101J3BC4
A1C128 283-5004-0C CAPFXD,CER DI:01UR10%, 25V 04222 W1206X104K1B01
A1Ci34 283-5004-0Q CARFXD,CER DLO.1UF10%.25V 04222 W1206X104K1B01
A1C135 283-5185-00 CAPFXD.CER DI100GPF 5% 50V 04222 W1 200C102J2804
A10136 283-5188-00 CAPFXD.CER DE100PF5%,100V 04222 W1208C101J3B04
A1C137 283-5188-00 CARFXD,CER DI:10CPF.5% 100V 4222 W1208C101.J3804
A1C140 283-5004-00 CAPRFXD,CER DI:0.1UF 10%. 25V 04222 W1206xX104K18M
A1CT 283-5004-CC CARFXD,CER Di0.1UF 10%,25v 04222 W1208X104K 1801
A1C142 283-£188-00 CAPFXD,CER DI:100PF.5%, 100V 04222 W1206C101J3B04
A1C143 283-5004-00 CABFXAD.CER DEO.IUR10%,25V Q4zz2 W1208X104K1B01
A1C144 283-5004-00 CARFXD.CER DI.D.1UR 10%,25V Q4222 W1206X104K1B0H
A1C145 283-5004-00 CAPFXD.CER DI:0.TUR10%.28V Q4222 W1206X104K1B01
A1C148 283-5004-00 CARFXD.CER DED.IUR, 10%,28V 04222 W1206X104K1801
2224 Service Manual 8-5
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Component Tektronix Serial Na. Mtr,
Number Part No. Effective Dsecont Name & Description Code Mfr. Part No.
A1C150 280-5018-00 CARFXD.ELCTLT:4.7UR20%,10V 13606 2930475X001082T
A1C151 283-5004-00 CARFXD,CER Di:0.1UF10%.23Y 04222 W1 208X104K 1801
A1C152 280-5018-00 CAPFXD ELCTLT4.7UR20%,10V 13606 208D4TEAO010B2T
ATC18E 283-5004-00 CARFXD,CER DI.0.1UF10%,25V 04222 W1208X104K1EM
A1C156 283 -5004-00 CAPFXD,.CER DI:D1UFR10%,25V 04222 W1206X 104K 1801
A1C157 290-5018-00 CAPFXD ELCTLT 4 YUF20%, 10V 13606 2930475X00M0B2T
A1C16C 283-5004-00 CAPFXD,CER DI:0.1UF 10%,25Y 4222 W1208X164K1B01
A1C164 283-5004-00 CAFFXD,CER BI:0.1UF10% 25V 04222 W1208X104K1B01
A1C165 283-5004-00 CAPFXD,CER DI:Q1UFR10%.25Y Q4222 W1206X104K1B01
A1C166 280-5018-00 CARFXD ELCTLT:4.7UF20% 10V 13606 2930475X0010B2T
AICITS 283-5004-00 CAPFXD,CER DIIUAUFR10%,25V 04222 W1Z206X104K1B01
A1C174 283-5004-00 CARFXD.CER DI:0.TUF10%.25V C4z22 W1208X104K1B01
A1C1TE 283-5004-00 CAPFXD.CER DI 1UF10%,25¢ Q04222 W1206A104K1B01
A1C184 283-5004-00 CAPRFXD,CER DI:0.1UF, 10%,25Y 04222 W1Z05X 104K 1B01
Al1C185 283-5185-00 CAPFXD,CER DI:1000PF5% 50V 04222 W1208C10242804
A1C186 283-5188-00 CAPFXD,CER Dl:100FPE5% 100V 04222 W1206C10143B04
A1C18Y 283-5188-00 CARFXD,CER DI:100PF 5%, 100V 04222 W1208C 1074 3B04
A1C190 283-5004-00 CARFXD,CER DI:O1UF10%, 25V 04222 W1206X104K1B01
A1C191 283-5004-00 CARFXD.CER DI.OAUF10%.25¢ Dazez W1206X104K1B01
A1C192 283-5188-00 CARFXD,.CER DI:100PF5% 100V 04222 W1205C101J3B04
A1C195 283-5004-00 CAPFXD.CER DI:0.1UF 10%,25V 04222 W1206X104K1B01
A1J100 131-3625-00 CONN.BOX: PCB SiF.FEMALESTR.t X 15 03779 643647-1
A1J101 131-3625-00 CONN,BOX::PCB,SIP,FEMALE STR,1 X 15 00779 B43647-1
AlJigz 131-3625-00 CONN,BOX:PCB,SIP,FEMALE 5TR.1 X 15 0o779 8436471
A1JEQ 131~-3625-00 CONN,BOX: PCB SIF;FEMALE STR,1 X 15 00779 6436471
A1J1B1 131-3625-00 CONN.BOX::PCB.SIP.FEMALE STR,T X 15 0779 B843647-1
AtJ162 131-3525-00 CONN,BOX::PCB SIP.FEMALE.STR,1 X 15 0779 5436471
ALI0H 108-5002-00 COIL RF.FXD,15UH 54583 NL453232T-150K
A1L110 103-5002-00 COI_RF.FXD15UH 54583 NL453232T-180K
ATL1E0 108-5002-00 COIL RFFXD,15UH 54583 NL453232T-150K
ATL160 105-5002-00 COIL RF.FAD15UH 54583 ML453232T-150K
A1P14 131-4414-00 CONN,HDR:PCE,;MALE.STR,1 X 4 58050 182-0444-5511
ATP15 131-4414-00 CONN HDR:PCB,;MALE,STR.1 X 4 58030 182-0444-3511
A1P16 131-4415-00 CONN HDH:PCB, MALE STR2 X7 58050 182-0744-3D11
A1Q101 151-5001-0C TRANSISTOR SIG:SIPOLAR, NPN; 40V, 20081 A 04713 MMBTIO0AT, T2
ATR101 307-5072-01 RES,NTWHK FXD,FI1:8 10K.2%.0.25W 11236 766-163-R10KT
ATRI21 321-5015-00 RES,FXD,FILM:562 OHM, 1% 0.125W 1637 CRCW12065620FT
ATR122 321-5050-00 RES.FXD FILM:33.2 OHM.1%,0.125W 91637 CRCW120835R2FT
A1R123 321-5000- 00 RES,FXD.FILM:10 OHM,19%,0.125W 91637 CRCW120610R0FT
ATR124 321-5015-00 RES,FXO,FILM:562 OHM, 19%,0.126W 91637 CRCW12065620FT
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ATR125 321-5050-00 RES.FXD,FILM:33.2 OHM, 1%,0.125W 91637 CROW120633R2FT
A1R128 321-5000-00 RES,FXD,FILM:10 OHM, 1% 0.125W 91637 CROW2061080FT
A1R127 321-8015-00 RES, FXD,FILM:BE2 OHM, 1%, 0.125W 91637 CRCOW12088620RT
A1R128 321-505C-00 RES FXD,FILM:33.2 DHM, 1% 0.125W 91637 CROWI20833R2FT
A1R123 321-500C-00 RES,FXD,FILM:10 OHM, 1% .0.125W 91837 CROW1206%0RCRT
AIR130 321-5015-00 RES, FXDLFILM 562 OHM 1% 0.125W $1637 CROW12065620FT
A1R131 321-5050-00 RES,FXD,FILM:33.2 OHM,1%.0.126W 91637 CRCW120633R2FT
A1R132 321-5000-00 RES, FXD FILM:10 OHM, 19 0. 128W 91637 CRCW120610R0FT
A1R134 321-5047-00 RES, FXD,FILM:100K 1% .0.125W H637 CROW12061003FT
ATR138 321-5018-00 RES. FXD,FILM:1.00K,1%,0.125W MB37 CRCOW12061001FT
ATR137 321-5018-00 RES.FXD.FILM:1.00K.1%.0.120W 91637 CRCW1Z06100tFT
A1R140 321-5015-00 RES.FXD FILM:562 OHM 1% 0.125W 31637 CROW12065620F T
ATR141 321-5000-00 RES,FXD FILM:10 OHM, 1% 0.125W 91637 CRCW120610R0FT
ATRT42 321-5050-00 RES.FXD FILM:33.2 OHM,1%,0.125W 91637 CROW120633R2FT
ATR143 321-5018-00 HAES,FXD,FILM:1.00K, 1% 0.125W 91637 CROW12061001FT
A1R144 321-5030-0C BES,FXD,FILM:10.0K,1%.0.125W S1637 CRCW12061002FT
ATR145 321-5030-00 RES, FXO, FILM10.0K, 1% ,0.125W 91637 CROW12061002FT
ATR146 321-5006-00 AES.FXDFILM100 OHM 19%.0.125W 91837 CROWIZ061000F T
ATR147 321-5047-00 RES,FXD,FILM:100K,1%,0.125W 9637 CRCW12061003FT
A1R151 207-5072-01 RES.NTWIC FXD,FLE, 10K 2% 0.25W 11238 786-163-R10KT
ATR184 321-5047-00 AES.FXD.FILM:100K, 1%, 0.125W 91637 CRCW12061003FT
AlTR185 221-5016-00 RES,FXD,FILM:1 00K, 1% 0. 125W 21637 CROW12061001FT
AIR187 321-5018-0C RES,FXD,FILM:1 00K, 1% ,0.125W 91637 CROW12061001FT
A1R190 321-5000-00 RES FXD,FILM:10 OHM,1%.0.125W 91637 CRCWI20610R0FT
A1RtS1 321-3050-00 RES,FXD FILM:33.2 OHM,1%.0.125W 91637 CROW120833R2FT
A1RI82 321-5015-00 RES,FXD, FILM:562 OHM,1%,0.125W 91637 CRCW12065620FT
ATR193 321-5018-00 RES,FXD,FILM:1.00K, 1%, 0.125W 91637 CRCW1206100tFT
ATUI0Y 166 5441-01 IC,LINEAR:BIPOLAR VOLTAGE REGULATOR 27014 LP2051CM/63
AtU102 156-5433-01 IC LINEAR:CMOS OP-AMP 01283 TLC27M3CDR
AlU111 156-5009-01 IC.CONVERTER:CMOS A/D;8-BIT.20MSPS FLASH S0482 CXD1175AM-TS
ATUMZ0 156-5651-01 IC.ASIC:CMOS,GATE ARRAY 04713 S38DCOMPMOITRA
Allzz 156-5357-01 ICDIGITALHCMOS GATE; QUAD 2-INPUT NOR 18224 T4RHCO2D0T
A1N23 156-5719-01 IC.LINEAR:BIPOLAR COMPARATOR TKB0S4 V10331BGDLZ-R
AlU124 156-53567-01 IC.DIGITALHCMOS, GATE: QUAD 2-INPUT NOR 18324 TAHC02D0T
AU30 156-5436-01 IC.LINEAR:BIMOS POWER DRIVER OCVK3 UCNS8ESEP/TA
A1UJ131 156-6011-01 IC.CONVERTER:CMOS.D/A;12-BIT.2.0U3 24355 AD7S43KR-REEL
All32 156-6011-01 IC,.CONVERTER:CMOS.D/A12-BIT,2. 0US 24355 ADTS43KR-REEL
A1U133 156-6011-01 IC.CONVERTER:CMOS D/A12-BIT2.0US 24355 AD7VS43KR-REEL
A1U134 156-8011-01 IC,CONVERTER:CMOS D/A;12-BIT.2.0US 24355 ADT543KR-REEL
A10141 156-5446-01 IC,MEMORY:CMOS FIFD,512 X 9,65 NS 61772 IDT7201865.
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AlU142 156-6228-01 {C.DIGAALHCMOS, REGISTER 01295 SNF4HC166DR
A1U143 156-5715-01 IC.UINEARBIPOLAR COMPARATOR TKEGS4 VH0334BODLZ-R
AllS1 156-5441-0 IC,LINEAR:BIPOLARVOITAGE REGULATOR 27014 LP2951CME3
AlU152 156-5433-01 IC,LINEAR:C1MOS OP-AMF 295 TLCZ7MECDAR
AlU1E1 156-8809-01 1S, CONVERTER:CMOS A/D8-BIT,20MSPS, FLASH 50482 CXD1175AM-TS
A1U170 156-5681-01 IC ASIC:CMOS.CATE ARRAY 04713 S280CO11PMITRY
ATUIT3 156-5718-01 IC LINEAR:BIPOLAR COMPARATOR THEGS4 V10331BGDLZ-R
ATUITS 166-5357-01 IC.DIGITAL:HCMOS,GATE; QUAD 2-INPUT NOR 18324 T4HCO2DT
AtU180 156-5436-01 1C LINCAR:BIMOS, POWER DRIVER OCVK3 LUCHNSB95E9/TR
A1U181 156-6011-01 IG CONVERTER:CMOS, D/A12-BIT.2.0US 24355 AD7543KR-REEL
A10182 156-6011-01 IC,CONVERTER:CMOS,D/A12-BIT.2.0US 24355 AD7543KR-REEL
A1U183 156-6011-01 IC.CONVERTER:CMOS,D/A12-BIT.2.0US 24355 ADTS453KR-REEL
Allh184 156-6011-01 G, CONVERTER:CMOS, D/A;12-BIT.2.0U3 24355 AD7E43KR-REEL
AUt 156-5445-M IC MEMORY:CMOS,FIFQ;512 X 9,65 NS B1772 10T7201585)
Aluiez 186-6228-01 IC.DIGITAL HCMOS, REGISTER 01285 SNT74HCI66DR
A2 671-2185-00 CIRCUIT BD ASSY.CPU/DISPLAY 80009 671-2198-00
A2C201 283-5187-00 CAFFXD,.CER DL1EPFS%, 100V D4zz2 W1205C150J3B0D4
A2C202 283-5004-00 CARFXD,CER BI:0.1UF10%,25V pazzz W1206X104K1B01
A2C203 283-5304-00 CAPFXD,CER CEO1UR 106,28V 0222 W1206X104K1801
A2C204 283-5004-00 CARFXD,CER DI 1UF10% 25V 04222 W1208X104K1BD1
A2C205 283-5004-00 CAPFXD,CER DLOUF10%,25V 04222 Wi206x104K1801
A2CZ208 283-5003-00 CAPFXD,CER DLO.MUF10%,50V 04222 W1206X103K2804
A2C207 290-5005--00 CARFXD.ELCTLT:47MF10%, 10MTANTLUM THOB7S  267M-1002 476K
A2C208 290-5018-00 CARFXD,ELCTLT.4.7UR20%, 10V 13606 293D473X001082T
A2C209 283-5003-00 CAPEXD,CER DI.O.O1UFR10% 5CY 04222 W1206X103K2B04
20210 283~5004-00 CARFXD.CER DI:0UFR 10%.25V 04222 WI1206X104K1B01
A2C211 283-5004-00 CARFXD,CER B1.0.1UFR10%, 25V 04222 WI1208X104 K180
Az2C212 283-5004-00 CARFXD,CER DI:0.1UF10%,25V p42z2 W1Z06X104K1B01
A2C213 283-5004-00 CAPFXD,CER CEOUR10%,25V 04222 W1208X104K1B01
AZC214 283-5004-00 CAPFXD,CER DEOAUF 10%,25Y 04222 W1206X104K1801
A2C215 283-5004-00 CAPFXD,CER DEOIUFR 0% 25V 04222 W1206X104K1B0
A2C216 283-5004-00 CARFXD,CER D0 1UR10% .25V 04222 W1206X104K1801
AzC217 290-5019-00 CARFXD.ELCTLT4.7UR20%.10V 13606 2930475X0010B2T
AZC28 290-5019-00 CAPFXD ELCTLT:4.7UR2G% 10¢ 13606 293D475X0010B2T
A2C219 200-5019-00 CARFXD ELCTLT:4.7UR20%, 10V 13606 283D475X001082T
AZC220 2B3-5004-00 CARFXD.CER DI:0.1UF,10%,25V 04222 W1206X104K1801
A2C248 283-5189-00 CARFXD.CER DI:220PF5% 100V t4g22 W1206C221.43804
A2C249 283-5188-00 CARFXD.CER DI.220PF.5%.100V 04222 W1206C221J3B04
A2C250 283-5004-00 CARFXD,CER DI:0.1UF 10%,25¢ 04222 W1208X104K1B01
AZ2C251 283-5187-00 CAPFXD,CER DI115PF.5%, 100V 04222 W1206C150J3B04
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A2C282 283-5187-00 CARFXD.CER DI:15PF5%.100V 04z22 WHE206CA50. 3804
A2C253 283-5185-00 CARFXD,CER DI11000PF5% 50V 04222 W208CT02.:2B04
ARC254 283-5004-00 CARFXD.CER DI:0.1UR10%,25V 04222 W1206X1 04K1 B,
A20255 283-5188-00 CARFXD,CER DI1100PF5%, 100V 4222 W1206C103.3804
#2256 283-5004-00 CARFXDLCER DI:0.1UR10%, 25V 04222 W1206X 104K B0
R2C257 283-5185-00 CARFXD,CER DL1000PFS% 50V 04222 W1206C102J2B04
A2C258 283-5188-00 CARFXD.CER DI100PF.5%.100V 0422 W1206C101J3B04
A2CZ59 283-5188-00 CARFXD,CER DI100FF.5%,100V 04222 W1206C101J3804
A2C260 283-5183-00 CABFXD,CER DED.OTURT%, 100V p4222 W1825C103F3B04
A2C261 283-5004-00 CAPFXD.CER DEO.1UFR10%,25V 04222 WH208X104K1 B
A2C262 283-5004-00 CAPFXD.CEA DED.1UR10%,23V pazzz W1206X104K1ED1
AZC263 283-5004-00 CAPFXD,CER DIO.1UR10%,25V 04222 WA 2085104K1B01
A2C264 283-5004-00 CAPFXD,CER DL0.1UR10%.23V 04222 W1206X104K1B01
AZ(265 283~5004-00 CAPFXD,CES DI0IUR10% 25V 04222 WI1208X104K1801
AZCZBE 283-5004-00 CARFXD,.CER DI:0.1UF 10% .25V Qazzz W1206X104K1B01
ARCZ67 290-1264-00 CARFXD,ELCTLT:0.047F,-20%:/ + 80%,5.5V.0.5300 81058 EECFSR34473
A2C269 283-5004-00 CARFXD.CER D10 1UR 10%.25V 04222 W1206X104K1B01
A2CR201 152-5027-00 DIODE.RECT.SCHTKY, 40V,1A 04713 MBRSE140T3
A2CR202 152-5027-00 DIODE RECT:-SCHTKY,; 40V, 1A 04713 MBRS140T3
A2CR207 152-5027-00 DIODE . RECT:SCHTKY, 40V.1A 04713 MBRS14073
A2CR208 152-5027-00 DIODE RECT.SCHTKY 40V 1A 04713 MBRS140T3
A2CR251 152-5027-00 DIODE RECT:SCHTKY, 40V 14 04713 MBR5140T3
AZ2CR252 152-5027-00 DIiODE RECT:SCHTKY. 40V.1A 04713 MBRS140T3

A1 136-5004-00 SKT.PL-IN ELEK:MICROCKT.2 X7 58030 TKO-07254-204
A2J2 136-5004-00 SKT.PL-IN E[EK:MICROCKT.2 X7 58050 TKO-07254-204
AZL201 108-5057-00 COIL RF.68LM 54583 NL453232T-680K
A2G201 131-5001-00 TRANSISTOR,SIG:BIPOLAR, NPN 04713 MMEBT3804T1/T2
AZR201 321-8047-00 RES.FXD,FILM:100K 1% 0.1256W 91637 CROW12081003FT
A2R202 321-5047-00 RES.FXD,FILM: 100K 19%.,0.125W 91637 CRCW1Z081003FT
A2RZ03 313-5001-00 RES FXO FILM:10M 6% .0.125W HEF7 CROW12081005JT
A2R204 321-9171-00 RES.FXD, FILM:562K OHM, 19%.0.125W Ne37 CROW1206-5623FT
AZR205 321-5171-00 RES.FXD FILM:582K OHM 1%,0.125W 91637 CROW1206~5623FT
AZR206 321-5171-00 RES FXD,FILM:562K OHM. 1%.0.125W MB37 CROW1206-5623FT
AZR207 221-5171-00 RES.FXD,FILM:562K OHM,196,0.125W 91637 CROW1206-5623FT
AZRZ08 321-5006-00 RES,FXD,FILM:100 OHM,31%.0.125W me37 CRCOW12061000FT
AZRZ09 307-5072-M RES.NTWHK, FAD,FI:8,10K,2% 0.25W 5016 SMD 11236 766-163-R10KT
AZAZ10 321-5018-00 RES FXD,FILM:1.00K, 19%.,0.125W 9637 CRCW12061001FT
AZRZN 321-5038-00 RES,FXD,FILM:47.5K,1%.0.125W 91637 CROW12064752FT
A2R213 321-5176-00 RES,FXD,FILM:3.01K 1%,0.125W 9637 CRCW12083011FT
A2R220 321-5047-00 RES,FXD, FILM: 100K 1%.0.125W 91837 CRCW12061003FT
222A Service Manual Scans by ArtekMedia == 2010 8-9



Scans by Artekmedia == 2010

Component Tektronix Serial No. Mfr.
Numbert Part No, Effective Dscont MName & Description Cofle Mfr. Part No.
AZRZ51 207-5072-01 RESNTWI FXD,FIE, 10K, 2% ,0.25W. 3016, 8MD 11228 ¥66-153-R10KT
AZR252 307-5072-01 AES NTWK FXD,FI:8 10K 2% 0.25W S018 SMD 112326 B6-IB3LR10KT
AZR253 321-5000-00 RES,FAD,FILM:A10 OHM,1%,0.125W 1537 CACW {20810R0FT
AZR254 321-50068-00 RES FXD,FILM:100 OHM,1%.0.125W 837 CRCWR20610C0F T
A2R255 211-5010-00 RES. VAR NONWW:50K OHM,20%,0.25W 329E7 33145-1-503E
AZR256 321-5171-00 AES FXD FILM-S562K OHM 1%, 0.125W 91837 CRCW1208-5823FT
AZRZ25T7 321-5006-00 RES,FXD,FILM: 100 OHM, 1%, 0.125W E37 CRCW12061000FT
A2R258 321-5006-00 RES FXD.FILMA00 OHM, 1% ,0,125W 91657 CROWA2061000FT
AZRZ258 311-5042-00 RAES VAR NONWW. 2K OHM 20% 0 25W 329¢7 33145-1-202E
AZR260 311-5042-00 RES. VAR NONWW.2K OHM,20% 0.26W 324997 33145-1-202E
AZRZE1 221-5178-00 RES FXDFILM 249K 19% 0.128W 918357 CROWI12062492FT
AZR262 321-5181-00 RES FXDFILMA53K, 1% 0.125W 657 CROW12064533FT
AZR263 221-8006-00 RES FXD,FILM: 100 OHM,1%,0.125W 91837 CROW12061000FT
AZR264 321-5006-00 AES FAD FILM:100 OHM,1%.,0.125W 91637 CRCWI2061000FT
ARRZET 321-5018-00 RBES FXD FILM:1.00K 1% ,0.125W 891637 CRCW12061001FT
AZR2ES 321-5171-00 RES FXD FILM:S62K OHM, 1%,0.125W ™83y CROW1206-5623FT
AZRZTO 321-5261-00 AES FXD,FILM.2.00M, 1% 0.125W 91637 CRCW12062004F T2
A2U201 156-5472-01 IC.PROCESSOR:CMOS, MICROCCMPUTER 04713 MCEBHC1148FN1
A20203 156-5357-(11 IC.DIGITAL:HCMOS GATE, QUAD 2-INPUT NOR 18324 7AHC0zDT
AZUI205 156-8075-03 IC.DIGITAL:HCMOS GATE,QUAD 2-tNPUT NAND 04713 MCT4HCOGADTRY
AZUZ06 156-5075-03 IC. DIGITAL:HCMOS, GATE: QUAD 2~ INPUT NAND 04713 MCT4HCO0ADTRY
A2U207 156-6101-01 IC MISC:BIPOLAR PWR SUPPLY SUPERVISOR 04713 MC34154D-5R2
AzUz08 156-5710-01 1C,DIGITAL:HCMOS FLIP-FLGP 04713 MC74HC109DTR13
A2U209 156-5075-03 IC,DIGITAL:HCMOS, GATE QUAD 2-INPUT NAND 04713 MC74HCO0ADTRY?
A2uzt2 156-5458 M1 IC,DIGITAL:ACMOS LATCH;8-BIT ADDRESSABLE 04712 MC74HC258D
A2U213 155-5702-01 ICDIGITAL:CMOS, EPACM:32K X B.FLASH 200NS 34648 MN28F258A-200
A20216 156-5473-01 IC.PROCESSOR.CMOS, PERIPHERAL 34548 N82C54-2
AZUz217 156-5437-04 IC.DIGITAL:CMOS, TRIPLE RS-232 LINE DR/RCVR 04713 MC145408DWR2
A2U218 156-5473-01 IC,FROCESSOR:CMOS, PERIPHERAL 34649 NE2C34-~2
AZuz1g 156-5073-01 1IC,MISC:HCMOS, ANALOG MUX.TRIFLE SPDT 18324 TAHC40530T
AZUz2 166-5702-01 IC.DIGITAL:CMOS,EPAOM; 32K X 8,FLASH, 200NS 34649 NZ2BF2E86A-200
A2U222 156-5711-01 IC.DIGITAL:HCMOS, MUX/ENCCDER 04773 MC74HC153DR2
A2U223 156-5441-01 IC LINEAR:BIPOLAR VOLTAGE REGULATOR 2704 LP2951CM/63
A2UZ81 136-6154-01 1C,ASIC:CMOS, GATE ARRAY 47165 UPOE53012L-583
A21253 156-5458-01 IC.DIGITAL:HCMOS, TRANSCEIVER 01285 SN74HCZ45DR
AZ2U254 156~5435-01 {C.CONVERTERMIECMOS D/A 24355 AD752BIP{REEL}
AZU255 156-5286-01 IC,MEMORY.CMOS, SRAM, 32K X 8,120NS.QE 4T165 UPD43256AGU-12L
A257 156-5478-01 IC,DIGITAL:HCMOS LATCH;CCTAL D-TYPE 01295 SN74HCS730R
AZUZE1 156-5710-01 IC,DIGITAL:HCMOS FLIP-FLOP 04733 MC74rC109DTRI3
AZU263 156-5435-01 IC,CONVERTERMLECMOS,D/A 24355 AD7528JP{REEL)
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A2U264 156-5442-1 IC,LINEAR:BIFET.OP-AMF, QUAD,LOW POWER 04713 WE34184@R2
A2U255 156-5442-01 {C,LINEARBIFET,OP-AMP,QUAD LOW POWER 04713 WE343B4DR2
A2U0256 156-5073-01 1IC,MISC HCMOS ANALDG MUX.TRIPLE SPODT 18324 TAHC40330T
AZU)289 156-5442-1 IC,LINEAR:BIFET,OP-AMP,QUAD LOW POWER 04713 MC34184DH2
AZUZ7D 156-6059-01 IC,MISC:CMOS ANALOG SWITCH: QUAD 17856 SDG44405/DG444D
AZWE 253-0087-1 FLEX CIRCUIT:6 PIN FLEX W/2 FIN D-5UB TKZ2465 1003-98-1-~CM
AZWS8 174-1452-00 CA ASSYSPELEC:14,00545 L 53387 5-000-500

AZYam 158-5007-00 XTAL UNITRES.8MHZ 61441 NMES-080T

A3 §71-1989-00 CIRCUIT BD ASSY:MAIN; 80009 671-1989-00
A3C3M 283-5004-00 CARFXD,CER DI 1UR10% 25V 04222 W1206X104K18M
A3C302 £83-5004-00 CAPFXD.CER DI:0AUR10% 25V 04222 W1206X104K1B01
A3C303 283-5004-00 CAPFXL,CER DI.O1UFR10% .25V Q4222 W1206X 104K 1801
A3C304 £83-5004-00 CAPFXD CER DI:0.1UF10%.25¢ 04222 W1208X104K1B01
A3C305 283-5188-00 CAPFXD,CER DINOOPF5% 100V 04222 W1206C101J3804
A3C308 283-5003-00 CAPFXD,CER DI:0.01UF10%, 50V 04222 W1206X103K2804
A3C307 283-5004-00 CAPFXD,CER DI:0.1UF 10% 25V 04222 WI1206X104K1B01
A3C308 283-5188-00 CAPFXD,CER DE10OPES% 100V 4222 W12060101J3804
A3C305 283-5003-00 CAPFXD,CER DLC.O1UF 109,50V 4222 WAZO0EX103K28B04
A3C310 283-5004-00 CARFXD,CER DEQAUR10% 25V c4z22 WH206X104K1BMH
A3C3TY 283-5004-30 CAPFXD,CER DLOYUR10% 26V 04222 W1206X104K1B01
A3C312 290-5005-00 CAPFXD.ELCTLT47MF10% 10V TANTLUM TKOB7S 267M-1002-478~K
A3C313 290-5005-00 CARFXD.ELCTLTA7MF10% 1O TANTLUM TK0875 267M-1002-476-K
A3C314 283-5004-00 CAPFXD,CER DI:0.1UF,10%, 28V 04222 W1206X104K1801
A3C315 283-5003-00 CAPFXD,.CER DI:0.O1UF10% 50V 04222 W1208X103K2B34
A3IC318 290-5005-00 - CAPFXD.ELCTUTA7MFA10%. 1OV TANTLLM TKOB7S 267M-1002-47E-K
A3CHT 290-5005-00 CAPRFXD,ELCTLT.A7MFE10% 10V TANTLUM TKDE75 267M-1002-476-K
A3C318 290-5005-00 CAPFXD,ELCTLT47ME 10% 1M TANTLUM THOB7S 267M-1002-476-K
A3C318 283-5003-00 CAPEXD,CER DIL0.OTUFR10%, 50V 04222 WI206X103K2B04
A3C3Z0 290-1235-00 CAPFXD ALUM:1000UF 2G% 35V TWadd SME3SWVB102M12X2
A3C321 220-5005-020 CAPFXD ELCTLT47ME10%, 1M TANTLUM TKOATE 267M-1002-476-K
A3C322 200-5005-00 CAPFXD ELCTLT:47MF.10% 1M TANTLUM TKOBTS 267M-1002-47E-K
A3C323 283-5003-00 CARFXD,CER DLO.OTUR10%,50V 04222 W1206X103K2804
A3C324 200-5005-00 CARFXD,ELCTLT:47MF 10% 10V TANTLUM TKOBTS 267M-1002-476-K
A3C325 283-5004-00 CAPFXD,CER DI:0.1TUFR10% 23V 04222 Wi206X104K1B01
A3C326 290-5004-00 CAPFXD ELCTLT.22UR 20V, TANTALUM 04222 TAJD226KI20R
A3C327 283-5004-00 CARFXD, CER DLO.1UFR 10% 25V 04222 W1206X104K1B801
A3C328 283~-5005-00 CAPFXD CER Di:4PF, + /- 0.25PF.50V 54583 C3216C0GT1HO40C-
AZC328 283-5004-00 CARFAD,CER DI:0.1UE10% 258V 04222 WA206X104K1B01
A3C330 283-5004-00 CARPFXD,.CER DI:01UR10% 25V Q4222 W1206X104K1BO1
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A3ZC331 2B3-5004-00 CAPFXD,CER DI:3,1UF10% 25V 04222 WI206X 104K 1801
A3C332 283-5004-00 CAPFXD,CER DI:01UR10%,25V 04222 WIZ206X104K1 B0
A3C335 283-5105-00 CAPFXD,CER DIUF, + 80/-20% 50V 04222 WIBZ25Z10522804
A3C334 280-5004-00 CAPFAD.ELCTLT.Z22UF 20V TANTALUM odz22 TAJDZZ28K020R
A3C335 283-5004-00 CAPFXD,CER DI 1UR10%,.25V 04222 WH208X104K1 B0
A3C336 2B3-5004-00 CAPFXD,CER GBIl AUF 10% 25V 04222 W1206X104KTEG
A3IC33T7 2B3-5004-00 CAPFXD,CER DE0.1UR10%,25V 4222 W1206X104K1801
A3C338 283-5004-00 CARFXD,CER DIOALF 10%,25Y 04222 WI205X104K1BM
A3C338 2B3-5004-00 CAPFXD,CER DI0AUFR10% 25V Dazzz W1206X104K1801
A3C340 283-5004-00 CAPFXD,CERA DEO.1UR 10%,25V 04222 WI200X104K1B01
A3C341 283-5004-00 CAPFXD,CER DI:0.1UF 10% 25V 04222 W1206X104K1B01
A3C342 283-5004-00 CAPFXD,CER DI:0.1UF10% 25V 04222 W1206X104K1B01
A3C343 233-5188~00 CAFRFXD,CER DI100PF5%,100V . 04222 W1206C101J3E04
A3C348 283-5004-00 CAPFXD,CER D10 AUF 10%.25Y D4222 W1206X104K1B01
A3C349 283-5004-00 CAPFXD,CER DIO 1UR10% 25V 04222 W1206%104K1B01
A3C350 283-5188-00 CAPFXD,CER DI:100PF,5%, 100V D4z22 W1206C101J3B04
AJCR3M 152-5027-00 DIODE RECT:SCHTRY, 40V 1A 04713 MERS140T3
A3CR302 152-5027-00 DIODE RECT:SCHTKY, 40V.1A 04713 MERS140T3
AJCR303 162-5027-00 DIQDE RECT.SCHTRY, 40V 1A 04713 MERS140T73
A3CR304 152-5027-00 DIODE RECT:SCHTKY,; 40V 1A 04713 MERS140T3
AZCR30S 152-5027-00 DIODE RECT:SCHTKY, 40V 1A 04713 MERS140T3
A3SCR306 152-5027-00 DIODERECTSCHTKY, 40V 1A 04713 MERS140T3
A3CR307 152-5027-00 DICDE. RECT-SCHTKY,;40V,1A 04712 MBRS14073
A3CR208 152-5027-00 DIODE RECT.SCHTKY 40V 1A 04713 MBRS140T3
A3CRIID 152-5027-00 OI0DE RECT.SCHTKY;; 40V 1A 04713 MBRS 14073
AZCR3NM 152-5027-00 DIODE RECT.SCHTKY, 40V 1A 04713 MBRS140T3
ABCR312 162-5027-00 DICDE RECT.SCHTKY, 40V 14 04713 MBRS14073
A3CR313 162-5027-00 DICDE RECT.SCHTKY 40V 14 04713 MBRS140T3
ASCR314 1562-8027-00 DIODE RECT.ESCHTKY, 40V.1A 04713 MBRS140T3
A3CR315 152-5027-00 DIDDE.RECT:SCHTKY, 40V 1A 04713 MBRS140G73
A3ICR31E 152-5027-00 DIODE RECT:SCHTKY 40V 1A 04713 WMBRST4073
A3F301 159-5000~00 FUSE, THERMAL:2.5A, 125V FAST2816,SMD 75915 45902.5

A3F302 155-5000-00 FUSE THERMAL:2.54 125V.FAST 2816, SMD 73915 45302.5

A3F303 188-5000~00 FUSE THERMAL:2.54,125V.FAST.2816,5MD 75815 45902.5

A3J14 136-5002-00 SKTPL-IN ELEK.HORIZ,1 X 4 58050 TKO-04254-104
A3J15 136-5002-00 SKT.PL-tN ELEX.HORIZ,1 X 4 58050 TK3-04254-104
A3J18 136-5004-00 SKT,PL-IN ELEK:MICROCKT.2 X 7 58050 TKO-07254-204
A7 131-4368-00 JACK,POWER DC:PCB, MALE ATANG TK2236 DCi2-2.0

A3d18 136-0097-00 SOCKETELEC:BANANA JACK 0J260 ORDER BY DESC
A3J19 136-0997-00 SOCKET.ELEC:BANANA JACK QJ260 ORDER BY DESC
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A3L3M 108-1449-00 INDUCTOR:BOBEIN CORE 33UH,10%,1.2A 54583 TELOB0T-330K1R2
AL 302 108-5100-00 B8EAD,FERRITE:S0 OHMS 24888 2843021447
A31303 108-5057-00 COIL. BF:B8UH 54583 NL4532307- 65006
A3L304 108-5057-00 COIL RF:68UH 54583 NL4532327 680K
AJL305 108-5700-00 BEAD, FERAITE:S0 OHMS 34399 2743021447
AZL206 108 -1449-00 HNOUCTORBOBEIN CORE 33UH. 109, 1.2A 54583 TSLOBGT-330K A2
A3L307 108-5-00-00 BEAD.FERAITE:50 OHMS 34889 2743021447
AZL308 108-5100-00 BEAD.FERRITE.50 OHM3 34899 2743021447
AZL309 108-5100-00 BEAD FERRITE:S0 OHMS 34899 2743021447
AIL3C 108-5100-00 BEAD,FERRITE:S0 OHMS 34889 2743021447
AZL311 108-5100-00 BEAD,FERRITE:S0 CHMS 34859 2743021447
AdL3z 108-5100-00 BEAD,FERRITE:50 OHMS 34899 2743021447

AZP1 131-4415-00 CONN HDR:PCB.MALESTR.Z X7 58050 182-0744-5011
AlP2 131-4415-00 CONNHDR:PCB,MALESTRZ X7 28050 182-0744-SD11
A3P3 131-4415-00 CONN HDR.PCB, MALESTR2 X7 58050 182-0744-5D11
A3PS 131 4415-00 CONMN HDR:PCB,MALESTR2 X7 38050 182-0744-8011
AZP20 131-1939-00 CONN.HDR:PCB/WIREWRAP:MALE STR1 X 14 22526 65561-114
A3GQ301 151-5001-00 TRANSISTOR,SIG BIPOLAR.NPN 04713 MMBT390471/T2
A3G302 151-5001-00 TRANSISTOR, S1G BIPCLAR NPN 04713 MMBT3804T1/T2
AJG303 151-5001-00 TRANSISTOR SIGB!POLAR NPN 04713 MMBT3804T1/T2
A3GQ304 151-5001-00 TRANSISTOR,SIG:BIPOLAR NPN 04713 MMET390471/T2
A30Q305 151-5001-00 TRANSISTOR,SIG:BIPOLARNPN 04713 MMBTI004T1,72
A3Q306 151-5001-00 TRANSISTOR,SIG. BIPOLARNPN 04713 MMBT380471/T2
A3G307 151-5038- TRANSISTOR,PWR:MOS,N-CH 04713 MTD10ONGSET
A3Q308 161-3000-00 TRANSISTOR,SIG:BIPOLAR,PNP 04713 MMBT3806LT1
A3Qa08 151-5001-00 TRANSISTOR.SIG:BIPOLAR NPN 04713 MMET3904T1/T2
AZR300 321-3030-00 RES FXD,FILM:10.0K.1%.0.125W 91637 CRCW12051002FT
AIR301 321-5022-00 RES FXDLFILM:2.21K,1% 0.125W 91637 CROW12062211FT
A3R302 321-5047-00 RES FXD,FILM:100K,1%,0.125W 1637 CRCW12061003FT
A3R303 321-5030-00 RES FXD.FILM:10.0K,1% 0.125W 31637 CRCW12051002FT
A3R304 321-5034-00 RES FXDFILM.22.1K,1% 0.125W 91637 CRCW12062212FT
AJR305 321-5018-00 RES, FXD FILM:1.00K, 1% 0.125W 91637 CROW12061001FT
A3R306 321-5034-00 RES.FXD.FILM:22 1K 1%.0.125W 891637 CRCW12062212FT
A3R307 321-5151-00 RES,FXD.FILM:453K 1 %.,0,125W 91637 CHCW12084533FT
A3R308 311-5010-00 RES VAR NONWW:SOK OHM 20% .0.25W 32097 33145-1-503E
AZR300 321-5000-00 RES,FXD,FILM:10 OMM, 1%,0.125W 91637 CROW1206810R0FT
AJRI10 321-5030-C0 RES.FXD.FILM:10.0K 1%,0.126W 91637 CRCW12061002FT
A3R311 321-5000-C0 AES,FXD,FILM:10 OHM, 1%.0.125W 91637 CRCW1Z20510R0OFT
A3R312 321-5006-00 RES,FXD,FILM:100 OHM,1% 0.125%W HE37 CRCW12051000FT
AIR33 321-8026-00 AES,FXD,FILM:4.75K,1%.0.125W 31837 CROW12084731FT
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AZR314 321-5026-00 RES FXD FILM: 4 75K,19% 0.125W 91637, CROW12064751FT
AZRINS 321-5018-00 AES FXD FILM:1.00K. 1% 0.125W 91637 GRCWHZ061001FT
A3R315 321-5000-00 RES FYXD.FILMA10 OHM 1%,0.125W 91837 CRCOW1208710R0FT
A3R317 321-5030-00 RES FXD.FILM10.0K,1%,0.125W 91637 CRCWI2051002F T
AJR31E 321-5020-00 RES,FXD FILM:1.506 1% 0.1 25W E57 CRCW12081509FT
AJR318 321-5006-00 RES,FXFILM: 100 OHM, 1% 0.125W 91637 CRCOW-20871000F T,
A3R320 321-5176-00 RES FXD FILM3.01K, 1% ,0.125W 21637 CRCWI12083011FT
AZR321 321-5006-00 RES. FXD.FI_M:100 OHM, 1% .0.125W 81837 CROCWA2061000FT
AJR322 321-5022-00 RES FXD FILM221K,1 %, 0.125W 91537 CROWH2062211FT
AJR323 321-5015-00 RES.FXD FILM: 562 OHM, 1% .0.125W 9637 CROWHZ2065620FT
A3R324 321-5150-00 RES.FXD FILM:90.9K, 1% 0.125W 91637 CROW12069092FT
A3R325 321-5008-00 RES.FXD.FLLM:100 OHM 1% 01280 91637 CRCWI12061000FT
A3R326 321-5178-00 RES.FXD FILM: 248K 1%, 0.125W 91637 CRCOW12082493FT
A3R327 321-5178-00 RES FXD.FILM 248K, 1% 0.125W 91837 CRCW120582493FT
A3R3PE 321--5047-00 RES FXD.FILM:100K,1%.,0.125W 91637 CRCW12061003FT
AJR329 321-5015-00 RES,FXD.FILM:562 OHM, 1350125 916837 CRCW12085620FT
AJR330 321-5006-00 RES,FXD FILM100 OHM, 1% 0125w 91837 CRCW12061000FT
A3R331 321-5006-00 RES.FXD.FILM:100 OHM,1%.0.125W 91637 CRCW1Z2061000FT
A3R332 321-5050-00 RES FXD FILM:33.2 OHM,1%.0.125W 91637 CROW120633R2FT
A3R233 321-5261-00 RES FXD FILM:2.00M 1% 0.125W 91637 CRCW12062004F T2
AJR334 321-8171-00 RES FXD FILM:S62K OHM,1%.0.125W 91837 CROW1208-5823FT
A3R335 321-5261~-00 RES. FXD.FILM:2.00M,1%.0.125W 91637 CROW12062004F T2
AJR336 321-5018-00 RES,FXD,FILM:1.00K,1% 0.125W 91637 CRCW12061001FT
A3RIZT 321-5020-00 RES.FXDLFILM:1.50K,19.,0.120W HE37 CROWI12061501FT
A3R338 321-5018-00 RES FX0FILM:1.00K,1%,0.125W 91637 CRCWIMZ061001FT
A3R323 30E~-5004-00 RES FXDWW:.0.1 OHM 1%,1W SMD 1637 WSC-1 10HW/MW1 %
A2ZR340 321-5006~00 RES,FXDFILM 100 OHM 19%,2.125W NEG3IT CRCW12061000FT
A3R341 321-5018-00 RES FXDFILM:1.00K, 1% 6. 125W S-637 CRCWI1206100FT
ASR342 321-5047-00 RES FXDLFILM: 100K, 1%, 0.125W 91637 CRCWH2061003FT
A3R343 321-5006-00 RES,FXD FILM: 100 OHM, 1% 0.125W 91637 CRCW12061000FT
A3R344 321-8151-00 RES FXD FILM:453K,1%,0.125W 91637 CROW12064533FT
A3R345 321-E030-00 RES.FXDFILMA0.0K, 1%.0.125W 91637 CRCWI20681002FT
A3R346 321-5050-00 RES FXD.FILM:33.2 OHM, 19%.0.125W 91637 CRCW120633R2FT
A3R347 321-5006-00 RES FAD FILM:100 OHM, 1% ,0.125W AM637 CRCWI2061000FT
A3R348 321-5030-00 RES FXD FILM:T0.0K, 1% 0.1256W 91837 CRCOW1Z2081002FT
A3R342 321-5030-00 RES FXD FILM:10.0K, 1% 0.125W 91637 CROW12061002FF
AITIO 120-1881-00 TRANSFORMERISOLATION, 20KHZ 75498 128~-9123-EC
A3T302 120-1781-00 TRANSFORMER.RFPOT CORE.LOW VOLTAGE 75498 120-1781-00
A3U300 119-2245--00 QSCILLATOR:CMOS, CRYSTAL CLOCK 20MHZ TK1919 EXQ3C20
A3U301 156-5021-01 IC,DIGTAL.CMOS,SHIFT REGISTER 18324 HEF4094BTDT
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A3U302 156-5021-01 IC.CIGITAL CMOS,SHIFT REGISTER 18324 HEF4084BTDT
A3LI303 156-5710-01 IC.DIGITAL:HCMOS, FLIP- FLOP 04713 ME744CI090TR13
A3U304 156-5710-01 IC.DIGITAL HCMOS FUP-FLOP 04713 MC74HCA080TR13
A3U305 156-5710-01 1C DIGITAL HCMOS FLIP-FLOP; 04713 MC74HET108DTR 3
AZL306 186-5710-01 [COIGITAL HCMOS FUP-FLOP 04713 MCY4HC109DTRIA
AJL307 156-5357-01 IC.DIGITAL HCMOS GATE, QUAD 2-INPUT NOR 18324 FAHCO20T
AZL1308 234-0743-20 IC ASIC:BIPOLAR TRIGGER/TIME INTERPOLATOR 80009 234-0743-20
A3U308 155-5479-01 IS DIGITALHCWMOS MULTIVIBRATOR 27014 MM74HC4538M/E3
A3UI0 156-5711-M IC.DIGITAL HCMOS MUXENCODER 04713 MC74HC153DR2
A3L1311 156-5434-01 IC,LINEAR:CMOS, COMPARATOR 01295 TLCIT2CDR
AdlUzz2 131-3018-00 TRANSISTOR SIGJFET.N-CH 17856 S87441

A3U3I13 166-5357-01 IC DIGITALHCMOS, GATE, QUAD 2-INPUT NOR 18324 74HC0ZDT
AJUI4 156-5439-01 IC LINEAR:BIFOLAR TRANSISTOR ARRAY 713 MMPQ2807ARZ2
A3U3E 156-571G-01 IC DIGITALHCMOS FLUP-FLOP 04713 MC74HC1090TR13
A6 156-4076-00 IC QPTO: ISOLATOR TH24G8 156-4076-00
AZLIZT 156-4076-00 IC,0PTO 'SOLATOR TK2466 156-4076-00
Al3U318 156-6084-01 MICROCKT, LINEARBIPOLAR,.SW REG/CONT 01295 TLED4CDR
AFVRE30 152-5032-00 SEMICOND DVC.DI:ZENER 04713 MLLE235ET
AJVR30Z 152-5033-00 SEMICOND DV, DNZENER 04713 MLL523%8T1
A3VRI03 152-5033-00 SEMICOND DVC DI ZENER 04713 MLL5235BT1

Ad 671-1330-01 CIRCUIT BD ASSY:POWER SUPPLY 80009 671-1980-01
A4CA0 280-0164-00 CARFXD.ELCTLT 1UF + 50-10% 150V 24165 516D 105MIB0LLTB
44402 283-5235-00 CARFXD.CERAMIC.0.56UFR 100V 04222 W1820Z564M3B04
A4C403 283-5185-00 CAPFXD, CER DI220PF,5% 100V 04222 W1208C221J3B04
A4C404 283-5003-00 CARFXD,CER DI:0.01UF, 10% 50V 04222 W1206X103K2B04
A4CA05 283-5189-00 CARFXD,CER DI 220PF5% 100V ga222 W1205C221J3B04
A4CA06 280-0973-00 CAPFXD ELCTLT:1GCUFR20%.25VDC 1W344 SM2EVB10RMEXT1L
A4C4A0Y 2890-5004-00 CARFXD ELCTLT. 22UF 20V, TANTALUM 04222 TAIC228K020A
A4CA08 290-5004-00 CAPFXD ELCTLT.22UF 20V TANTALUM ngz22 TAID226K020R
A4C409 290-5065-00 CAPFXD ELCTLT.4TMFE10% 10V TANTLUM TKIB7S 267M-1002-476-K
£4C410 283-5251-00 CAPFxD,CER DI:0.01UR 2000V, + 100/-0%,SMD 28454 202H50WID3KY4E
A4CH11 283-5251-00 CARFXD,CER DIL0.01UFR.2000V, + 100/-0%.3SMD 29454 202ZH50WI103KY4E
A4C312 283-5251-0C CAPFXD.CER Di:0.01UR2000V, + 100/-0%.SMD 29454 202H50W103KY4E
A4CA13 283-5251-00 CARFXD,CER DY:0.01UF 2000V, + 100/-0% SMD 28454 202H50W103KY4E
A4C414 283-5251-0C CARFXD.CER DI:0.01UF 2000V, +100/-0%,SMD 29454 202H50W1D3KY4E
240415 283-5251-0C CAPFXD,CER Di:0.01UFR20C0V, + 100/-0% SMD 29454 202H50W03KY4E
A4C416 250-5005-00 CAPFADELCTLTA47TME10% 1M TANTLUM TKOBT7S 267M-1002-476-K
A4C417 250-3005-00 CAPFAD ELCTLT:47MFE10% 10V TANTLUM THI875 267M-1002-476-K
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AdCaA18 290-5005-00 CAPFXD ELCTLT:A7MF10% 1OV TANTLUM TKOBTS 25PN - 1002-476-K
A4C419 283-5235-00 CARFXD,CERAMIC:0.56JF 100V 04222 W/ 18252364 M3E04
A4C420 28C-5004-00 CAPFXD, ELCTLT:22UF 20V TANTALLUM 04222 TAJID2ZBK020R
A4C421 290-5004-00 CARFXD ELCTLT:22UR 20V TANTALUM 04222 TAJDZ2REK020R
AACA22 283-5004-00 CAFPFXO,CER D0 1UF 10% 28V 04222 W1208X104K1BD1
A4C423 290-5004-00 CAPFXD,ELCTLT:22UR 20W TANTALUM 04222 TAJDZ226K020R
AdC424 282-5210-01 CARPFXD,CER DI1000PF10%, 1000V 04222 1B12AA102KATOGD
A4CA25 282-5004-00 CAPFXD,CER DO JUF 10% 25V 04222 WI1206X104K1B01
AACARE 283-8210 M CAPFXD,CER DI10GCOPF10%, 1000V 04222 18124A102RATOGR
A4C427 283-5235-00 CARFXD,CERAMIC:0.56UF 100V Q4222 W1825256443804
A4CA28 283-5004-00 CAPFXD,CER DI.0.1UF10% 23V 04222 W1206X104K1BO1
A4CRAD 182-5022-00 DiDDEHECT:, 1000V 1.2A,1.05VFBYD 1Y M 25403 BYD17M
A4CR402 152-5027-00 DIODE RECT.SCHTKY 40V 14 14713 MBRS140T3
A4CRA03 152-5027-00 DIODE,RECT-SCHTKY, 40Y 1A 04713 MBRS140T3
AACRHAD4 152-5027-00 DHODE,RECT:SCHTKY, 40V 1 A 04713 MBRS14073
AACR405 152-85027-00 DIODE RECT: SCHTRY,: 40V.1A C4713 MBRS14073
A4CR4ANG 182-5027-00 CIODE RECTSCHTKY 40V 14 04713 MBRS140T3
A4CRAOT 152-5027-30 DIODE, RECT:SCHTKY, 40V 1A 04713 MEBRS14073
A4CRA408 152-5027-00 DIODE.RECT-SCHTKY,; 40V 1A 047-3 MEBRS14073
A4CRA0S 152-5022-00 DIODE RECT.,; 1000V, 1.5A,1 CSVEBYD17M 25403 BYD17M
A4CR410 162-5022-00 DIGDE RECT:, ;1000\ 1.5A 1 CSVERYLAT7M 25403 BYD17M
AACRAM 152-8022-00 DIODE.RECT., 1000V, 1.54 1.CSVEBYD 17 M 25403 BYD17M
A4CRA5 152-5022-00 DIODE RECT:,; 1000V 1 .5A 1 O5VEEYD17TM 25403 BYDTM
A4CR416 152-5022-00 DIODE R=CT.,; 1000V, 1.54,1 COVE.BYD17M 25403 BYD17M
A4CR418 152-5022-00 DIODE RZCT; 1000V, 1.54 1 CSVRBYD17M 25403 BYD17M
AACEAD 152-5022-00 DIODE,RECT., 1000V, 1.5A 1.05VF BYDI7M 25403 BYD17M
A4CR42D 1562-5022-00 DIODE.RECT...1000V.1.54,1.C5VF BYD17TM 25403 BYD17M
A4CRA22 152-5022-00 DIODE RECT.,. 1000V, 1.5A 1. CEVE BYD1TM 25403 BYD17M
A4J3 136-5004-00 SKT.PL-IN ELEKMICROCKT.2 X7 £8050 TKO-07254-204
A4)B 136-5004-00 SKT.PL-IN ELEKMICROCKT.2 X 7 58050 TKO-07254-204
AdLA 108-1445-00 INDUCTOR:BOBBIN CORE,33UH,10%,1 2A 54583 TSLDBO7~330K1R2
AdLa02 108-5002-00 COILRFFXD,15UH 54583 NL453232T-150K
A4L403 108-5057-00 COlL RFFXD,68UH 54583 NL453232T-880K
A4LAGY 108-5002-00 COIL RS FXD,15UH 54583 WNL453232T-150K
A4L4AD5 108-1443-00 INDUCTCOR:BOBBIN CORE 23UH,10%.1 2A 54583 TSLO8U7-330K1R2
A4L5401 118-2101-00 XDCRAUDIOEV NOM, 40 MA IMP 90 OHM B3791 SMX-06
AdQ4H 151-5038-01 TRANSISTOR PWR:MOS N-CH 04713 MTD10MOSETH
A4Q402 151-5038-1 TAAMSISTCAR PWR MOS N-CH 04713 MTDONOSET
A4(3403 151-5000-00 TRANSISTOR,S!G:BIFOLAR PNP 04713 MMETIS06LT
A4Q1404 153-5001-00 TRANSISTOR,S!IG:RIPOLAR NPN 04713 MMET3904T1/T2
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A4CA0S 151-85027-00 TRANSISTOR SIG.BIPOLAR,NPN 04713 MMETHSS 11T
A4C406 151-5027-00 TRANSISTOR SIG:BIPOLAR.NPN 04733 MIMBTSS5ALT
AACI40T7 151-5027-00 TRANSISTOR, SIG:BIPOLAR NPN 04713 MMBTESSALT
A40440 151-5027-00 TRANSISTOR,SIG:BIPOLAR NPN 04713 MMBTESSTLLA
Adldddt 151-5027-00 TRANSISTOR,SIG:BIPCLARMPN 04713 MMBTES51LTY
A40450 151-5027-00 TRANSISTOR,SIG:BIPOLAR NPN 04713 MKBTE551LT
A402451 151-3027-00 TRAMSISTOR,SIG:BIPDLAR NEN 04713 MMBTES51LT
A4R4AM 221-5261-00 AESFXD.FILM.2.00M,1% 0. 125W 91637 CRCW12062004FT2
A4R402 321-5047-00 RES.FXD.FILM: 100K, 1%,0.125W 91637 CRCW12061003FT
A4RAD3 321-5261-00 RES.FXD,FILM:2 00M,1%,0.125W MBI CRCW12062004FT2
841404 321-5038-00 RES,FXD FILM:A7 5K, 1% 0.125W 91637 CROW12064752FT
A4R405 321-5176-00 RES FXD FILM:3.01K 19 0.125W 91837 CRCW12063011FT
A4R406 321-5261-00 HES.FXD,FILM:2.00M 19 0.125W $1537 CRCW12062004FT2
A4R407 321-52€1-00 RES.FXD.FILM:2.00M,1%,0.125W 1637 CRCWI2062004FT2
A4R408 321-5047-C0 RES, FADLFILM: 100K, 1%.,0.125W 1537 CROUWI2061003FT
AdRA0T 321-5038-00 RES FXD FILM:47 5K 1% (L125W 837 CROW 2064752FT
A4R410 321-5030-00 RES FXD.FILM: 10.0K 19 ,0.125W 91637 CRCOW1Z2061002FT
A4R411 321-5261-00 RES. FXD FILM:2.00M,19%,0.125W 91637 CROW120682004FT2
AIRATZ 321-5047-00 RES FXD.FILM: 100K, 1%,0.125W 91637 CRCWM 2061003FT
A4RA13 311-2430-00 RES VAR NONWW:2M OHM, 20%,0.75W TK2073 GF125 825K 205
AdR414 321-5018-00 RES FXD.FILM:1.00K. 1% ,0.125W 91637 CRCWI12061001FT
A4RA15 311-2420-00 RES VAR NONWW:2M COHM, 20% .0 75W TK2G73 GF12S 825K 205
ARG 321-5018-00 RES FXAD,FILM:1.00K 1% 0.125W HEI7 CROW12061001FT
AdR417 321-8018-00 RES.FXD.FILM;1.00K,1%,0,125W 91837 CRCWI20681001FT
AdR418 321-5047-00 RES FXD FILM: 100K 1 %.0.125W 91637 CRCW12061003FT
A4R418 321-5020-00 RES.FXD. FILM:7.50K,1%.0.125W 91637 CRCW12061501F T
A4R420 313-5001-00 RES.FXDFILM:10M,5% 0,125W NE3I7 CROWI 20610054T
Ad4RA21 321-5047-00 RES.FXD FILM: 100K, 1% ,0.125W 91637 CRCW12061003FT
AAR422 321-E01B-00 RES FXAD FILM:1. 00K, 19,0.125W 1637 CRCW12061001FT
A4R423 321-5018-00 RES,FXD.FILM:1.00K 1% 0. 125W 9837 CRCW12061001FT
AdR4Z24 311-5043-00 RES. VAR NMONWW.2M OHM, 20%,0.25W 32997 33145-1-205E
A4R425 321-8030-00 RES.FADFILM 100K, 19%.0.125W ANB37 CRCW12061002FT
AdR426 311~-5010-00 HES VAR NONWW.SOK OHM.20%,0.25W 32997 33145-1-503E
A4R427 321-8020-00 RES.FXD,FILM:8.25K,1%,0.125W 91837 CRCW1 206825171
A4R428 321-5150-00 RES,FXDFILM:90.9K,1%.0.125W 1637 CROW120659082°T
A4R428 321-2030-00 RES.FXDLFILM10.0KK, 1% 0. 125W 91837 CRCW120810027T
A4R430 321-5150-00 RES,FXD FILM:90.8K,1%,0.125W 91637 CROW12088092FT
A4R43 311-5010-00 RES.VAR.NONWW.S0K OHM.20%,0.25W 32297 33145-1-503E
A4R432 321-5020-00 RES,FXD.FILM:1.5CK,1%,0.125W 91637 CROW12061501FT
AdR433 321-5020-00 RES FXD FILM: 150K 1%,0.125W 91837 CROW12061501FT
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Component Tektronix Serial No. M.

Number Part No. Effective Dscont HName & Description Cade Mir. Part Na.
AARA34 321-5029-00 RES FXD, FILM:B.25K 1% 0.125W 1537 CREW12068251FT
A4R435 321-5176-0¢ RES, FXD,FI_M.3.01K,1 % ,0.125W 91637 CROW12063011FT
A4dR436 321-5020-00 RES,FXD FILM:1.50K,1%.0.125W 91837 CROWIZ20B1501FT
A4R437 321-5020-00 RES FXD FILM:1.50K 1% .0.125W 91637 CROWIL2061501 FR
A4R438 308-5004-00 RES,FXD,WW.0.1 CHM, 1%, 1W 91837 WSC1-B1GCFT
A4R439 321-5261-00 RES,FXD.FILM:2.00M,71%.,0.125W 91637 CRCW12062004F L2
A4R440 321-5030-0C RES,FXD.FILM:10.0K,1%.0.125W 91637 CROWIZ061002FT
AdH441 321-5022-D0 RES FXD FILM:2.21K,1%,0.125W HNB37 CRCWHZ082211FT
R4R442 321-5018-00 RES FXD FILM: 1.00K 1% ,0.125W 81637 CRCWHZ2051001FT
A4RA443 321-5018-00 RES FXD FILM:1.0CK 1% ,0.125W 91637 CACWIZ061001FT
AdR444 321-5026-00 RES FXD FIlLLWV 475K 1% 0 125W 916837 CRCW12064751FT
A4R445 321-5026-00 RES FXD FILMATEK 1% 0.125W 91537 CROW12084751FT
AdR446 321-5022-00 RES.FXD.FILM:2.21K 1% 0.125W 91637 CROW1I2062211FT
Ad4R447 311-5042-00 RES. VAR NONWW:2K OHM,20% C.25W 32897 33145-1-202E
Ad4R448 311-5042-00 RES VAR NONWW 2K OHM,20% C.256W 320897 33148-1-202E
A4R449 321-5261-00 RESFXDFILM2.00M 1% 0.125W 91637 CRCW12062004F T2
A4R450 321-5047-00 RZE.FXD,FILM: 100K, 1%.0.125W 91637 CRCW12061003FT
A4B451 321-5047-00 RES FXD FILM: 100K 19, 0.120W 91537 CROW12061003FT
AARAED2 321-5026-00 RES.FXDFILM 4.75K,1%,0.125W 91637 CRCW12064731FT
A4R453 321-5026-00 RES, FXD.FILM: 4. 72K, 1%,0.125W 91637 CRCW1Z2064751FT
A4R454 321-5026-00 RES.FXD,FILM:4.75K 1% .0.125W ;837 CRCW12064751FT
ALRARS 311-5042-00 RzS. VAR NONWW 2K OHM, 20% 0.25wW 32997 33145-1-2C2E
A4R456 311-5042-00 RIS VAR NONWW2K OHM, 20%.0.25W 32997 33148-1-202E
A4R4S7 321-5030-00 RES FAD, FILM: 100K 1%, 0.1 25W NE37 CROWIZ061002FT
AdR458 321-5047-00 RES FXD,FILM: 100K, 1%,0.125W 81537 CRCW12081003FT
A4R45S 321-5047-00 RES,FXD,FILM: 100K, 19,0.125W §1837 CRCW12061003FT
A4R4E0 321-5030-00 RES, FXD,FILM:10.0K 1% ,0.125W 91837 CRCW12081002FT
A4R461 321-8030-00 RES FXD, FILM 100K, 1% ,0.125W 91837 CROW12081002FT
AdR4E2 321-5261-00 RES FXD.FILM:2.00M,1% ,0.125W 91637 CRCW12062004F T2
A4R4A53 321-5020-00 RES,FXD, FILM:1.50K, 1%, 0.125W 91637 CROWIZ2061501FT
A4R464 313-5001-00 RES.FXDFILM:10M.5%,2.125W 91637 CRCW12061005JT
AdR465 313-5001-00 RES FXD,FILM:10M.5%,0.125W 91637 CRCW120630054T
AdR466 321-5018-00 RES FXD,FILM:1.00K,1%,0.125W 91637 CRCW12061001FT
AdR467 321-5047-00 BES FXD FILM 00K 1 9%, 0.125W 91637 CROW1Z081002FT
A4RAER 313-5001-00 RES,FXD,FILM:10M.5% D.125W 91637 CRCW120810054T
A4R4GS 321-5261-00 RES FXD FILM:2.00M,1%,0.125W 91837 CRCW12062004F T2
A4RATO 321-5261-00 RES FXD,FILM:2.00M,1%,0.125W 51837 CRCOW12052004F T2
A4R472 321-5261-0C RES,FXD,FILM:2.00M, 1% ,0.125W 91637 CROW12062004F T2
A4R4T3 321-5471-00 RES.FXD FILM:5382K OHM, 1% 0126 W M637 CRCW1206-5623FT
A4R4T4 321-5151-00 RES FXD,FILM 453K, 1%,0.125W 91837 CACWI12064533FT
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Compenent Tekironix Serial No. Mir.

Number Part No. Effective Dscont Mame & Descriplion Caode Mft. Part No.
A4RATS 321-5000-00 RES FXD,FILM10 OHM, 1%, 0.125W G637 SRUWTZ20610R0OFT
A4R476 321-5000-00 RES.FXOFILM-10 OHM 1% 0.125W 91637 CHCW1ZD610R0FT
AdRaT? 321-5000-00 RES.FXD.FILM:10 OHM,1%.0.125W 91637 CRCW120810RGET
AdRA7E 321-5038-00 RES.FXD.FILM:47.5K,1%,0.125W 91637 CRCW12064752F T
ARATS 321-5022-00 RES,FXD, FILM:2 21K, 1%,0.125W 51637 CRCW12062211FT
A4R480 321-5047-00 RES,FXD,FILM:100K, 1% ,0.125W 91637 CRCWAZ0810035F
A4T4O 120-71780-00 TRANSFORMER, RF.POT CORE,LOW VOLTAGE 75498 120-1780-00
A4T402 120-1744-01 TRANSFORMER.PWR:POT CORE HIGH VOLTAGE 754598 128-7077-01
Adllad 156-5084-01 WMICROCKT, LINEAR:BIPOLAR SW REG/CONT 01295 TLS94CDR

5401440 156-5438-01 IC LINEAR:BIPCLAR TRANSISTOR ARRAY 04713 MMPO222248R2
A4S0 156-5438-01 {C.LINEAR.BIPUOLAR TRANSISTOR ARRAY 04713 MMPR22Z2AR2
AdVRAZ20 152-5028-00 SEMICOND DWC DIZENER 04743 MLLE2ERAT

A4 136-1001-00 SKT.PL~IN ELEK:CRTS PIN, TK2469 136-1001-00
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Component  Tekirenix Setial No. Mfr.
Number Part No. Effective Dscont Name & Description Cade Mtr, Part No.
AS 671-1991-00 CIRCUIT BD ASSY:POTENTIOMETER 80009 7181921 -00
ABGHCT 283-5004-00 CARFXD,CER Di:0.1UF 10%.25V 04222 WI206:104K18M
ASR5D1 307 -5043-01 RES FXD FILM:100K X 8.2%.,0.250 W 91637 SOME-1603-104G-
ASREI2 311~2382-01 RES VAR NONWW.CKT BD,50K,10% 12697 CM45255
ASR5I3 311-2383-01 RES VAR NONWW.CKT BD DUAL 50K,10%, 12697 CM45254
ABRS04 311-2431-01 RES VAR NONWW:CKT BD,DUAL 50K, 10%, 12697 CM45255
ASRG05 321-5006-00 RES,FXD,FILM: 100 OHM,1 % ,0.125W 91637 CRCW120610C0FT
ASUSI1 156-5080-01 WS DIGITAL:CMOS REGISTER 18324 HEF40218TD
AsU5B2 156-5455-01 IC DIGITAL:HCMOS, GATE;QUAD 2-INFUT XOR 04713 MC74HCBEDTRIS
ASUSG3 156-5455-01 IS DIGITALHCMOS GATE,QUAD 2-INPUT XOR 04713 MC74HCEE0TR13
ABWD 174-1451-00 CA ABSYSPELEC:1400583561L 53387 6-000503
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Nusmber Part No. Effective Dscont Hame & Description Code Mir. Part No.

AG 671-0063-01 CIRCUIT BD ASSY:FRONT PANEL 80009 SZA=0063-01
ABCE01 283-5004-00 CARFEXD,CER C1:0.1UF10% 25V g4222 Wa206X104K1B01
ABDSEMN 150-1078-00 LT EMITTING DIC:GREEN, EG5NM 20MA £0434 HUMPA1503

AGPB 131-5017-00 CONNHDR:SMD/PCR,:MALE STR.2X 7 58050 182-0744-3002
AEPG 131-5017-00 CONN HDR:SMD/PCB,;MALESTR.2X 7 8050 182-0744-5D32
ABP10 131-5016-00 CONN HDR.SMD/FCE,.MALE STR.2 X 3 58050 182-0344-8D32
ABRBOT 307-5043-M RES, FXD,FILM 100K X 8.29% 0.250 W 518637 SOMC-1803-104G-
AGRB02 321-5022-00 RES,FXD.FLM:2. 21K,1%,0.125W T637 CROW12062211FT
AEUBO1 156-5457-01 IC,DIGITALHCMOS, GATE 8- INPUT NAND 01295 SMN74HC30D
ABUE02 186-5021-M 1C,DIGITAL.CMOS, SHIFT REGISTER 18324 HEFA024BTDT
ASUIBAS 156-5080-01 1C.DIGITAL: CMOS REGISTER 18324 HEF4021BTD
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Camponent  Tektironix Serial No. i .
Number Part No. Effective Dscont

Name & Description

Mfr. Part No.

A7 &671-0269-01 CIRCUIT BD ASSY:KEYPAD 268-01
ATWA10 174-1532-00 CA ASSYSRELEC:S,26 AWG.3.0 L RIBBON TKZ246 1532-00
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m Diagrams and Circuit Board idstrations

This section contains the troubleshooting procedures, block diagragis, circuit
board illustrations, compoenent locator tables, waveform illugtrations. ang
schematic diagrams for the 2224,

Symbols

Graphic symbols and class designation letters are based on ANSI Standard
¥32.2-1975. Abbreviations are based on ANSI ¥1.1-1972,

Logic symbology is based on ANSIIEEE Standard 91-1984 in terms of positive
logic. Logic symbols depict the logic function performed and can differ from
the manufacturer’s data,

The tilde { ™) preceding a signal name indicates that the signat performs its
intended function whern in the low state.

Other standards used in the preparation of diagrams by Tekironix, Inc., include
the following:

m Tekironix Standard 062-2476 Symbois and Praclices for Schematic
Drafting

m  ANS| ¥14.159-1971 Interconnection Diagrams
»  ANS| Y32.16-1975 Reference Designations for Electronic Equipment

m MIL-HDBK-63038-1A Military Standard Technical Manual Writing Handbook

Component Values

Eiectrical components shown on the diagrams are in the foliowing units unless
noted otherwise:

Capacitors: Values one of greater are in picofarads (pF). Values iess than
one are in microfarads (k).

Resistors: Values are in Chms (£2).

222A Service Manual
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Diagrams and Circuit Board lustrations

Graphic ltems and
Special Symbols
Used in This Manual

Each assembly in the instrument is assigned an assemblydentifier (for exam-
ple, MAIN or A3). The assembly identifier appears an the/Circuwibboard outline
on the diagram {see Figure 8-1}, in the title for the circuit®oafd component
location illustration, and in the Jockup table tor the schematigsdiagram and
caorresponding component locator illustration. The Replaceable Electital Parts
list Is arranced by assembly in numerical sequence; the componepts are
listed by componen! number.

Locator Grid

FPowar Termination

Function Block < o Component on
Title [l 7 7 hack of board
Heard Dutline | Strap
Internal Screw l
Adjustment |
Refer to Waveform i Panel
Assembiy Number v Cantrol
i oo 3 -
- B ﬂx_u WKk wigz B3 FeE ELL]
Onboard Jumper Q;_Q.,ED_[ e . 25 . 39 _:1)
Digital Ground p— 12: s L ) =09 '.s[v E\, 1
Reler to Assembly W (.._'z_“aj R < b oy Male Coaxial
& Diagram Nomber  |1° OGN RS T o p SO Connector
ONboard / / @J e auEd :;55" ":"‘; G Female Coaxial
Canne?:at;r / e i \ Connector
@ o .
Active Low §TATIG Heat Sink
ngna'r EEU%E;E I FARTLAL AS TIMIAG AOARD l Decoup.fed
Signal From Voitage
Anofhser Defagzzmé B SYN GENERATOR AS <L w——— Diagram Number
21T F W,
N Assembly Number
Assembly Number

& Board Name

Diagram Name

Figure 8-1: Graphic lterns and Special Symbols Used in This Manual

Component Locator
Diagrams

Section of Circuit ——=

The schematic diagram and circuit board component iocation illustrations
have grids marked on them. The component lookup tables refer 1o these grids
to help you locate a compeonent. The circuit board illustration appears only
once; its locokup tabie lists the diagram number of all diagrams on which the
circuitry appears.

Some of the circuit board component {ocation illustrations are expanded and
divided into several paris to make it easier for you to [ocate small compe-
nents. To determine which part of the whote locatar diagram you are looking
at, refer 1o the small locator key positioned at the upper left of each circuit
board component tocator diagram, as shown in Figure 8-2. The gray biock,
within the larger circuit board owstline, shows where that part fits in the whote
tocator diagram. Each part in the key is labeled with an identifying letter that
appears in the figure tittes under component locator diagrams.

©

Board Shown

©

Figure 9-2: Circuit Board Component Locator Diagram Key
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'Replaceable Mechanigal Parts

This section coniains a list of the components that are reptaceable faf the
2224 Digital Storage Oscilloscope. As described below, use this list 19 igéntify
and order replacement parts. There is a separate Replaceabie Pans 1481 for

each instrument.

Parts Ordering
Information

Replacement parts are avallable from or through your local Tekironix, Inc.,
service center or representative.

Changes to Tektronix Instruments are semetimes made 1o accommuodate
improved components as they become available and to give you the benefit
of the latest circuit improvemnents. Therefore, when ordering parts, it is impor-
tant to inciude the following information in your order:

= Part number
®  Instrument type or model number
a1 nstrument serial number

a  Instrument medification number, if applicable

It & pan you order has peen replaced with a cifferent or improved part, your
local Tekironix service center or representative will contact you conceming any
change in the part number.

Using the
Replaceable Parts
List

The tabular information in the Replaceable Parts List is arranged for quick
retrieval. Understanding the structure and features of the list will fielp you tind
the ail the imformation you need for ordering replacement parts.

ltem Names

In the Replaceable Pans List, an ltem Name is separated from the description
by a colon {:). Because of space limitations, an ltem Name may somctimes
appear &s incompleta. For further Item Name identification, U.S. Federal
Cataloging Handbook H6-1 can be used where possible,

2224 Service Manual
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Indentation System

This pars list is indented to show the relationship between itemis. The follow-
ing example is of the indentation systerm used in the Deseriplion calum:

1 2 3 4 5 Name & Descripticn

Assembly andfor Component
Attaching parts for Assembly and/or Component
(END ATTACHING PARTS)

Detail Part of Assernbly and/or Component
Attaching parts for Detail Part
(END ATTACHING PARTS)
Parts of Detail Part

Attaching pants for Parts of Detail Part
(END ATTACHING PARTS)

Attaching parts always appear at the same indentation as the item il mounts,
while the detail pans are indented to the right. Indented items are par of, and
included with, the next higher indentation. Attaching parts must be purchased
separately, unless atherwise specified.

Abbreviations

Abbreviations conform to American National Standards Institute (ANSI) stan-
dard ¥1.1.

10-2 Replaceable Mechanical Parts



CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER

Mir.

Code Manufacturer Address City, State, Zip Cade

THOIK MODERN METALS UNIT A/K, &/F GOLD KING IND, KWAI-CHUNG N.T. HONGRONG
BLDG NO. 35-41 TAl LIN ROAD

TKCO435 LEWIS SCREW CO 4300 S RACINE AVE CHICAGO iL 80809-3320

TK¥163 POLYCAST INC 9898 SW TIGARD ST TIGARD QR 57223

TK13258 MORTHWEST FOURSLIDE INC 18224 SW 100TH CT TUALATIN OR 57062

TKISE HUGHES B S CO NC 2238 NE COLUMEIA BLVD PORTLAND OR 97211-0088

TKZ2415  FRIWC GERATEAU GMBH POSTFOTZH 1209 COST3EVEN GERMANY

FRIEMANN & WOLF B-4412

ODWWE  MICRO POWER ELECTRONICS 7573 SW CIRRUS DRIVE BEAVERTOMN OR 97005
BLDG. #22

QJRZ2 SADGLEY MFG CO 1820 NE ARGYLE PORTLAKRD OR 97211

0J280 COMTEK MANUFACTURING CF DREGCN PO BOX 4200 BEAVERTON QR 87076-4200

{METALS}

OKEBZ5 MORELLIS @ & D PLASTICS 1812 16TH AVE FOREST GROVE OR 87115

OKBO1 STAUFFER SUPFLY 810 SE SHERMAN FORTLAND QR 97214

14310 AULT ING 16800-H FAEEWAY BLVD MINNEAPOLIS MN 55430-1706

2K262 BOY[D CORP 5136 NE 87th AVE PORTLAKD OR 97220
PO BOX 20038

28733 CERAMIC MAGMNETICS INC 87 FAIRHELD RD FAIRFIELD NJ 67006-4732

77824 SCHLEGEL CCRP 1555 JEFFERSON RO ROCHESTER MY 14692-3313
PO BOR 23197

BOO0G TEKTRONIX INC 14150 SW KASL BRAUN DR BEAVERTON OR 97077-0001
PO BOX 500

95760 PROTECTIVE CLOSURES CO INC 2150 ELMWOOD AVE BUFFALD NY 142071970

222A Service Manual
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Fig. &
Index Tektronix Serial No. Mfr.
No. Part No. Effective Dscont (fty 12345 Name & Description Code Mir. Part No.
1-1 346-0251-0C 1 STRARHANDLE:HAND/CARRY GRIP ASSY 0JRZZ CRDER BY DESC
-2 437-0432-00 1 CABINET ASSY.TOP W/PAD BOOOY 43¢-0432-00
-3 260-2422-00 1 SWITCH,PUSH:E BUTTON 2 POLE TKOIK ORDEREY DESC
-4 342-0885-01 1 IMSUL,CKT B0:POLYESTER,0.01C THK 21262 ORDER BY DESC
-5 200-3967-0C 1 DOCR ASSEMBLY:BAT COVER/PORCH W/LABEL  8000S 200-3857-00
-G 146-0075-0C 1 BATTERY PACK AS:RECHARGABLE 2 X 4V ooWwW6  ORDER BY DESC
-7 211-0744-00 3 SCREWMACHINEB-32 X 2Z.0.PNH, TORX,STLCD  TKD435 ORDER BY DESC
-8 437-0432-00 1 CABINET ASSY.BOTTOM W/PAD 8000% 437-0433-00
-4 348-1059-00 1 STAND,TILTLEXAN TEK BLUE TK:1163 ORDER BY DESC
~10  211-0721-00 2 SCREW.MACHINE:B-32 X 0.375,PNH,STL OKBO1 ORDELR EY DESC
~11 260-2423-00 1 SWITCH,PUSH:12 BUTTON.2 POLE TKOIK ORDER BY DESC
-12  290-10£7-03 1 CABINET ASSY.-FRONTSMOKE TAN, &000G 38C-1047-03
W/ELECTRODAG AND LABELS
-13 377-0612-00 3 INSERT.KNCB:0128 ID X 0.518 OD X 0.270 H, 0J280 CORDER BY DESC
Wi4-40 SETSCREW AL
-14 366-2137-00 3 KMNOB, SHELL:IVORY GRAY TK11€3 ORDER BY DESC
-13  377-0613-0C 3 INSERTHNCE Q080 1D X 0.310 OD X 0255 H, 0J2eC ORDER BY DESC
W/4-40 SETSCREW,AL
16 386-2138-00 g KNOB . SHELL:IVORY GRAY, W/BLACK POS TKI1€3 ORDER BY DESC
-17  366-2139-00 1 KNOB SHELL:IWORY GRAY TK1163  OROER BY DESC
W/BLACK AUTO LVL PUSH
-18  378-0388-00 1 FILTER ASSY:CRT FILTER,BLUE W/FOAM STRIPS 80008 378-0388-00

10-4 Replaceable Mechanical Parts



Figure 10-1: Front Panel and Cabinet
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Fig. &
Index Tektronix Serial No. M.
Ke. Part No. Effective Dscont Gty 12345 Name & Description Code Mfr. Part No,
2-1 380-1004-00Q 1 HOUSING AESY: W/EMI GASKET STRIP 80005 4 280-1@804-00
AND WARNING LABEL
-2 e 1 CIRCUIT BD ASSY:(SEE A1 REPL)
-3 344-0435-00 7 CLIRFERAITE CO:0.006 BE CU 25 TK1326 ORDER BY DESC
-4 276-0820-00 7 CORE,FERRITEIE 0083 X 0300 L 28733 005058-0
-5 276-0821-00 7 CORE,FERRITE:| BAR,D.059 X 0.293 X 0.380 L 28733 0G2124-0
-5 348-1100-00 2 SHLD GSKTELEKEMI.0.125 X 05 X 0.375 L 77824 5728-191V-B
W/ADHESIVE
-7 200-3931-00 1 COVER ASSEMELY. W/EMI GASKET PAD g0nos 200-3931-00
-8 386-5781-00 1 SLPPORTTOR POLYCARBONATE TK1162 ORDER BY DESC
-9 131-4556-00 1 CONN,RCPTELEC:FROBE TO INSTR ASSYX2 ROOOY 131-4656-00
W/PAD
=10 386-5782-01 1 SUPPORTBOTTOM:CRT SHIELD, LEXAN TK1163 ORDER 8Y DESC
-11 mmrmee—amae 1 CIRCUIT BD ASSY.(SEE A4 REPL)
=12 mmemeeeaaao 1 SKT.PL-1N ELEK:(SEE A4W1 REFL!
-i3 366-2110-00 I KN{O3,EXTENSION:INTENSITY, TEK BLUE OKBZ: OREER BY BESC
-14 e 1 CIRCUAT BD ASSY.(SEE A2 REPL)
e 1 FLEX CIRCUIT.(SEE AZWS REPL)
~-16 200-3750-00 1 CARPROTECTWVE POLYETHYLENE BLACK, 93760  OACER BY DESC
CONDUCTIVE,D SUB .8 PIN
=17 348-1101-00 1 SHLD GSKTELEXEMI0125 X 05 X561 L 77824 5728-1HV-8
WiADHESIVE
-18 253-0405-00 1 TAPE,PRESS SENS:I0.062 X 075 X5.3L TK1506 ORDER BY DESC
VINYLFOAM CQUBLE SIDED
12 e 1 CA ASSY,SPELEC (SEE A2ZWE REPL)
20 211-0721-00 1 SCREWMACHINEG-32 X 0375 PNHSTL DKBO QORDER BY DESC
e I 1 CIRCUIT BD ASSY{SEE A5 REPL)
22 - - 1 CA ASSY.SRELEC (SEE ASWI REPL)
23 memmreeeo—e 1 CIACUIT BO ASSY.(SEE A3 REPL)
-24 211-07271-00 1 SCREW MACHINE:E-32 X 0.375.FNH,STL OKBO1 CRDER BY DESC
-£5 337-3358-00 1 SHIELD,ELEC:STEEL ALLOY 0J260 ORDER B8Y DESC
-26 342 -0890-00 1 INSULATOR FILM:POLYMIBE 2K262  ORDER BY DESC
W/ACRYLIC ADHESIVE
=27 348-1102-00 1 SHLD GSKTELEKEMLO250 X 0.5 X 0.375 L 77g24 5725-331v-3 C
W/ADHESIVE
-28 407 -3734-00 1 BRACKETKEYPAD:ALUKMINUM 0J260  ORDER BY DESC
e I 1 CIRCUIT BD ABSYI(SEE AT REPL)
-3 e 1 CA ASSY,SPELEC{SEE A7W10 REPL)

10-6 Replaceable Mechanical Parts
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Fig. &
Index Tektronix Serial No.
No. Part Mo. Effective Dscomt Qty 12345 Name & Description e Mfr. Part No.
C81 mmmmeemmene 1 CIRCUIT BD ASSY:(SEE A6 REPL)
-32 119-3547-00 1

CRT ASSEMIBLY-222 CAT W/SHIELD & EMI son0g 1 7
GASKET ¢

2224 Service Manual
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Figure 10-2;: Chassis and Circuit Boards
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Fig. &

{ndex Tektronix Serial No. Mir.
Ne. Part Na, Effective Dscont Oty 12345 Name & Description Code Mir. Part No,
ACCESSORIES
3-1 120-1327-00 TRANSFORMER:240VAC/S0HZ INPUT T¥2415 ORDERMBY DESC
1BVACAEY QUTPUTWALL MOUNT
-2 120-1826-00 TAANSFORMER;220VAC/SOHZ INPUT TK2415 QRDERBY DESC
18VACH1EV QUTPUTWALL MOUNT
-3 120-1807-00 TRANSFORMER,PWR:POWER SUPPLY, 14310 3281058001
WALL MOUINTRLUG IN, IN 120AC OUT 18 VAC
-4 Q16-1024-00 CASE,CARRYING:BLACK CLOTH 0JRZZ  ORDER BY DESC
-5 020-1752-00 ACCESSORY KIT:FOUR RUBBER FEET IN BAG 2K262  ORDER BY DESC
W/INSTRUCTION
-6 P40D PACBE PASSIVE:6OMHZ W/ACCESSORIES 80009 P4
-7 020-1908-00 ACCESSORYPKG:P400 80003 020-1905-00
-8 175-3766-04 CABLE ASSY.RF:7D OHM.71.5 L.SLATE GRAY 80003 175-3768-04
-9 206-0426-00 PROBE HEAD:P400.X3 BOC0S  206-0426-00
-10 013-0107-07 TIPPROBE:RETRACTABLE HOOK 80008  O13-DHn7-07
070-8328-00 MANUAL TECH.OPERATORS 80009  070-8328-00
070-8329-00 CARD,INFO:USERS QUICK REFERENCE 80009  070-8329-00
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Figure 10-3: Accessories
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Iy 77U U U U UL Index

Sym bOIS B connecting

battery, 2-1—-2-2
probes, 2-8--2-12

+ sign, readout, 2-18 batiery . convenbons, performance verification,
- sign, readout, 278 charging, 2-2—2-3 41
charging external, 2-3
= sign, readout, 2-17 charging temperature, 2-3 cpu/display system A2, 3-7
> sign, readout, 2-17 connecting, 2-7—2-2

deep discharge of, 2-5
low charge indicator, 2-3

low voltage, 2-2 D
A opsarating with, 2-2
recharging after deep discharge, 2-8 _
removing for storage, 2-5 DC coupling, readout, 217
accessories, ordering, 7-7 replacing, 2-4 deep discharge, battery, 2-5
ACQ, 2-20 time out feature and, 2-3 description
block diagram, 3-1 ; LI erio-
acquisition, waveform, 7-3 E fea‘“;ﬁi a;,%;ﬂ;? ons. See Descrip
L brightness knob, 2-22 '
acquisitior system A1, 3-4 product, 7-1 — -4
adjustment after repair, §-2 diagrams, §-1—§-2
adjustment dependencies, 5-2—5-14 dizgrams and circuit board illustrations,
adjustment interval, 5-1 C &-1--92
adjustment procedure, 5-1—5-14 DISPL, 2-20
adjustment after repair, -2 —5-14 channel cligplay, 2-78
adjustment depandencies, 5-2—5-14 coupling, 2-77 brightness, 2-22
adjustment interval, 5-1—5-14 invering, 2-17 focus, 2-22
clock detay adjustment, 5-71 selected, 2-77 display agjustments, 5-5
description of, 5-7 uncalibrated, 2-17
; : daown arrow, readout, 2-17
display adjustments, 5-5 charging 1he battery, 2-2—2-3

equipment required, 5-2 extermnal, 2-3
external trigger offset calibration, 5-12
gain self calibration, 5-10
preparation, 5-4 circuit description, 3-1—3-19 E
refergﬁce self calibration, 5-9 CLEAR button, 2-11

requirements for performance, 5-7

circuit board ilfustrations, 9-1 —8-2

sweep length and vector adjust- Clearing a menu, 2-19 electrical parts list, 8-1-8-2
ments, 5-7 clock delay adjustment, 5-71 equipment, interior, &-7

auto setup, button, 2-13 COMM PORT connector, 2-22 ESD prevention, 6-2
AUTOLVL:PUSH knob, 2-15 component locator diagrams, 9-2 EXT POWER INPUT conrector, 2-23
autoset tests, 44 configuration menu, 2-10 EXT TRIG INPUT connecior, 2-23
AJX FUNCT, 2-20 configuring the probes, 2-9—2-72 external power, connecting, 2-6, 2-23
auxiliary functions menu, 2-9

time-out, 2-3
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External Power AC Adapter, 2-3,
2527

external pcwer indicator, 2-7

external power source, 2-7
AC limits, 2-7
OC limits, 2-7

external frigger
comnecting, 2-23
grounding, 2-22
grounding, input voltage limit, 2-22
input limits, 2-7

external trigger offset caiibration, 5-72

turming off, 2-7
turning on, 2-7

INTEN kneb, 2-22

K

keypad board A7, 3-78

N

nominal traits
defined, 1-5
listed, 7-5

F

firmware installation, 6-37
tocus knok, 2-22
fromt panet, 2-13
frort panet board A6, 3-18

G

gain self calibration, 5-70
ground couping, readout, 2-17
ground symbol, readout, 2-17

H

horizontal controls, 2-16
horizontal position, knab, 2-76

INIT, 2-20

inspection and cleaning, 6-5—6-8
lubrication, 6-8

installed options, 2-712

instrument
accessories for, 7-7
serial number, 2-22
storing, 2-5

L

Lead Configurations, Semiccndustor,
9-3

lire operaton, 2-23

list of modules, 6-8
logic conventions, 3-1
low battery incicator, 2-3
lubrication, 6-8

M

magnifying a signal, readout, 2-79
main board A3, 3-17

maintenance
inspaction and cleaning, 6-5—-6-8
lubricatior, 6-8
ovarview, 6-1
preventing ESD, 8-2
troubleshocting, §-25—6-32

mechanical parts, 10-7—10-2

menu, 2-79
auxiliary functions, 2-9
button, 2-79
configuratien, 2-70
itern, 2-79
narme, 2-19
probe, 2-10

MODE, 2-15
module overview, 3-7

module replacement. See see removal
and replacemernt

0O

ON tbuton, 2-3, 2-7
options, installed, 2-72
options and accessories, 7-1—7-2

P

packaging for shipment, 2-77
parts ist, electrical, 8- —8-2

performance characteristics
nominal. See nominal trafts
typical. See warranted characleristics
warranted. See warranted character-
istics
performance check, prccedures, 4-5

performance tests, 4-5—4-22
equipment required, 4-6
horizantal check, 4-15
index 1o performance tests, 4-9—-4-22
preliminaries, 4-8 —4-22
preliminary procedure, 4-8 —4-22
prerequisites, 4-5
trigger check, 4-18
vertical checks, 4-10

performance verification

autoset tests, 4-4

brief procedures, 4-7

general instructions. See Peformance
Verification, General Instructions

horizontal checle, 4-16

initial setup procedure, 4-2

performance tests, 4-5—4-22

purpose and extert of. See pefor-
mance verification, general
instructions

self cal tests, 4-3

trigger checks, 4-18
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verlical checks, 4-70
pot board AL, 3-18

power
connecting, 2-7
operating, 2-7

power supaly
tlock diagram, 3-17
circuit description, 3-16—3-19

powvier supoly Ad, 3-16
powering on the instrumant, 2-7

probe
atterwation, 2-8
corfiguring, 2-9-2-72
cornecting, 2-8-2-12
menu, 2-10
sworing, 2-27

procedures, inspection and cleaning,
65-5—6-8

Scans by Artekmedia == 2010

R

RCL, 2-26

readout
stored waveform, 2-17
vertical, 2-18, 2-18

rear panel, 2-22
reference self calibratior, 5-8
remote communication, 2-22

removal and installztion, §-9—6-24

accuisition board, 5-719—6-21

circuit board identification,
6-11-6-12

CPU/display board, 6-18--6-19

CRT and power supply board,
6-16-6-18

equipment required, §-10—6-71

front and top case, 6-13—6-16

front panel board, 6-22

gereral instructions, 6-10

keypad board, 6-23

list of modules, 6-8

main board, 6-19—6-21

pot board, 6-24

summary of procedures, 6-70

replaceable mechanical pars,
10-1—10-2

replacing the battery, 2-4
RS-232, 2-22
RS-232-C conmnecticn, 6-26 - 6-32

S

SAVE, 2-27
scale factor, vertical, 2-17

screen, 2-13, 2-15
brightness, 2-22
focus, 2-22

SEC/DIV knab, 2-15

seconds per division
knob, 2-15
stored waveform, 2.18

self cal tests, 4-3

Semiconcucter Lead Configurations,
-3

seral number, 2-22

set-up, saving, 2-5

SETUP 2-27

shipmert, repackaging, 2-71
shipping canon, 2-17

side panel, 2-27

SLOPE button, 2-75
SOURCE, 2-75

STORE, 2-20

store mode, readout, 2-78

stored waveform, retention with battery
change, 2-5

storing the instrument, 2-5

sweep length and vectcr adjustments,
5-7
system
horizontai, 1-2
signal acquisition, -2
trigger, 7-3

T

Tektronix Naticnal Marketing Center, 7-7

temperature, and charging battery, 2-3
test equipment required, 4-6

theory of operation
acguisition system At, 3-4
cpu/display system 42, 3-7
frant panel board AG, 3-18
kaypad board A7, 3-18
logic convertions, 3-1

mairtboard A3, 8-13

module ovgrview, 3.7

pot board A3, 3478

power supply béard A478-76
time base, 3-14 =39

tilt stand, 2-23
time base, 3-74-2-19

time out, 2-3
disabling, 2-3—2-4

time-out
enable/disable, 2-4
menu selection, 2-3

op panel, 2-20
TRIG COM connectcr, 2-22
TRIG PQS, 2-27

trigger
comtrols, 2-15
gxternal source, 2-23
level, 2-15
and probe configuration, 2-9
knob for, 2-15
reacout, 2-15
mode, 2-15
slope
button for, 2-15
readout, 2-18
source, 2-15

routieshocting, 6-25—6-32
diagnostics, 8-26
equipment needed, 8-37
firmware installaiion, §-371

Index

power up error codes, 5-27 —6-28

RS-232-C connection, 6-26 —6-
zalf calibration error codes,
§-28—6-32

32

troubleshooting procedures, 6-25

rning off the instrument, 2-7
turning on the instrument, 2-7

typical characteristics
defined, 1-13
listed, 7-13

U

uncalicrated channel, 2-18

user interface, description, 1-1

2225 Service Manua!l
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vertical controls, 2-74

volts per division
and probe configuration, 2-2
readout, 2-77

W

Warranted Characteristics
Listed, 7-2
Perfarmance Conditions for, 7-9

warrantad characteristics, defined, 7-8

waveform
acguisition, 7-3
stored
memory location of, 2-18
readout, 2-77 —2-24
seconds per division, 2-78
uncalibrated, 2-78

-4
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