MAINTENANCE

This section presents descriptive information about instrument calibration as well as preventive maintenance, corrective
maintenance, and troubleshooting information. Circuit board removal procedures are included in the “Corrective Mainte-
nance” subsection. An extensive diagnostics procedures table (Table 6-6) is in the “Diagnostics™ subsection at the back of
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this section.

INSTRUMENT CALIBRATION
This oscilloscope uses autornatic internal routines to
calibrate itself as much as possible. These automatic rou-
tines minimize manufacturing and end-user costs associ-
ated with calibration and enhance the accuracy of the
instrument during use. : '

Instead of the usual numerous manual potentiometer
“tweaks” that require extensive servicing, the scope
makes wide use of digital calibration techniques. The
extensive digital-to-analog (DAC) subsystem of the scope
and the built-in computer firmware are used to calculate
and adjust more than 100 voltages that control gain,
offset, and other parametel‘s of circuit operation affecting
accuracy. The automatic SELF CAL uses no external test
equipment and takes less than 10 seconds to complete.
The ease of use of SELF CAL allows it to be done at any
time to ensure accurate measurements in the present test-
ing environment.

Adjustments that remain are not automatic and require
manual adjustment of components andfor user-supplied
external standard test signals. The display system and
CCD output amplifier gains require manual “tweaking,” but
the instrument provides the .necessary test signals inter-
nally. The vertical attenuator and trigger amplifier callbra-
tions require external signals, but the instrument performs
the adjustments internally. Finally, the CCD clocks, input
capacitance, bandwidth limit fitters, and transient response
adjustments which affect high frequency performance
require both external signals and internal
manual adjustments. '

Self Calibration

Almost all of the Internal measurement systems are
calibrated by performing the SELF CAL procedure. These
automatic adjustments include the gain and offset settings
for the vertical acquisition system and the internal trigger

~ system. No adjustments are required for the time base or

horizontal subsystems. .

Maximum instrument accuracy can be assured by doing
a SELF CAL just before making critical measurements.
Continued accuracy is maintained by running SELF GAL
whenever the operating temperature has changed more
than five degrees Celsius since the last SELF CAL.

Extended Calibration

Semiautomatic calibration of 'the vertical attenuators
(ATTEN) and external trigger amplifiers (TRIGGER) is
supported by this level of calibration. The technician must
connect standard DC voltage levels to the input connec-
tors. The scope then automatically calibrates the vertical
input attenuators’ gain and . the external trigger amplifier's
gain and offset using the supplied dc voltages. During the
ATTEN calibration, the accuracy of the internal 10-V Cali-
bration Reference is verified against the standard
amplitude voltage applied to the altenuators.

The EXT CAL routines also provide automatic REPET
calibration and the display signals for the manual adjust-
ments needed for the Dispiay System and CCD output
amplifier calibrations. REPET calibration adjusts the timing
of the jitter correction ramps, The jitter correction ramps

instrument calibration occurs at several levels. These
levels are the fully automatic SELF CAL, the semiau-
tomatic EXTENDED CAL, the manual adjustments, and
dynamic calibration.

are used to measure the time between the randomly
acquired samples and the frigger point. That time
difference is used to place the waveform samples correctly
with respect to the trigger point in the repetitive acquisition
mode waveform record. '
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Manual Adjustments

Adjustments requiring internal access to the scope are
limited to the display system, CCD output amplifier gains;
input capacitance, 100 MHz bandwidth
20 MHz bandwidth limiter with the Video Option), CCD
clocks, and transient response. These adjustments are
made during factory calibration and should not require
readjustment during normal operation. Replacement of
parts during repair of the instrument that affect these cali-
brations will, however, require readjustment of the affected
circuitry. The ADJUSTS calibration routine in the
EXTENDED CALIBRATION procedures provides display
patterns and brief instructions for the technician to follow
in calibratng the display system and CCD output
amplifier gains.

Dynamic Adjustments

As the instrument operates, it continuously corrects for
minor offsets in the acquisition system and jitter correction
ramp timing. These “dynamic” adjustments are totally
automatic and require no user action.

Recommended Adjustment Intervals

Perform the ATTEN and TRIGGER parts of the
Extended Calibration procediure every 2000 hours, or once
a year if the instrument is used infrequently. Readjustment
of the Dispiay System and rerunning the REPET calibra-
tion step is not normally needed unless parts are replaced
that affect those calibrations. it is NOT necessary to reper-
form _any portion of the Extended Calibration to maintain
maximum  measurement accuracy over the specmed
operating temperature range of the lnstrument

NATION‘AL- BUhEAU OF STANDARDS
TRACEABILITY

Traceability to the National Bureau of Standards (NBS)
requires that the stated accuracy of an instrument be
established by calibration with equipment whose accura-
cies have been directly or indirectly established by NBS
certified references.

For this oscilloscope, traceability is established in the
Extended Calibration routine by calibrating the attenuators
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limiter  -(and:

(ATTEN} and external trigger amplifiers (TRIGGER) with an
NBS traceable voltage reference. As the fine gain adjust-
ment of the attenuators is made, the relative accuracy of
the internal 10-V Calibration Reference is also checked by
normalizing it to the external voltage source provided by
the technician, If the fine gain of the attenuators requires
an adjustment of more than approximately 2%, the ATTEN
calibration fails. Barring internal component problems, a

failure indicates either that the internal reference is faulty

or that the applied voltage is not a valid standard refer-
ence voltage.

Passing the ATTEN calibration step using an NBS
traceable voltage standard ensures that the internal,
nonadjustabie 10-V .Calibration Fleference is also trace-

(wh|ch uses the traceable 10-V Calibration Reference to
provide the calibration voltages) then makes this scope an
NBS traceable instrument. Traceability is maintained for
subsequent performances of SELF CAL by referencing all
calibration  calculations to the traceable internal
voltage reference.

VOIDING CALIBRATI_ON

Factory. calibration of this scope is done using NBS
traceable sources. An internal jumper installed at the time
of calibration prevents the user from inadvertently running
the EXT CAL routines and voiding the traceable calibration
of the instrument. Removing the jumper and attempting to
do the ATTEN and TRIGGER calibration without an accu-
rate standard amplitude volfage source will result in a

-failed calibration. In.the case of a failure, the stored con-

stants for the attenuator gain calibration are not replaced;
therefore, the previeus degree of accuracy is maintained
by the instrument. However, a FAIL label retnains
displayed over the affected EXT CAL 'menu choice, and
the scope will fail subsequent power-on tests and enter
Extended Diagnostics {EXT DIAG) until the calibration
is passed,

Power-on or Self Diagnostics (SELF DIAG) tests that
detect a system, subsystern, or device failure that may
affect instrument calibration are noted by a FAIL [abel on
the test along with the calibration status -of UNCALD in
the EXT DIAG menu display. Calibration failures are of two
types: soft errors caused by gain or offset parameter drifts
beyond tolerance—usually caused by a large change in
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operating temperatufe since the last SELF CAL was done,
or hard failures caused by component problems in the
instrument's circuitry that prevent calibration.

Soft Errors

These errors appear as a loss of SELF CAL and are
noted by the UNCALD label appearing above the SELF
CAL choice in the main CAL/DIAG menu. Running the
SELF CAL routine and obtaining a PASS status clears up

. any soft calibration errors and revalidates the instrument

calibration.
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Hard Failures

A hard failure affecting calibration may also be indicated
by the loss of SELF CAL, but running the SELF CAL rou-
tine does not produce a PASS status for SELF CAL or
any falled test in EXT DIAG. Loss of ATTEN or external
TRIGGER calibration is noted by the UNCALD labhet
appearing above those choices in the EXT CAL menu, A
loss of calibration for either ATTEN or TRIGGER indicates
a possible nonvolatile memory failure. In either case,
instrument calibration should be considered void, and the
scope must be referred to a qualified service person for

. servicing.

STATIC-SENSITIVE COMPONENTS -

The following precautions apply when performing any
maintenance involving internal access to the instrument.

Static discharge can damage any semiconducior
component in this instrument.

This instrument contains electrical components that are
susceptible to damage from static discharge. Table 6-1
lists the relative susceptibility of various' classes of semi-
conductors. Static voltages of 1 kV to 30 kV are common
in unprotected environments.

. When perfofming maintenance, observe the following
precautions to avoid component damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or

assemblies in their original containers or on a metal rail,
Label any package that contains static-sensitive com-
ponents or assemblies.

3. Discharge the static voltége from your body by
wearing a grounded antistatic wrist strap while handling

5. Keep the component leads shorted together when-
ever possible.

" 6. Pick up components by their bodies, never by their
leads.

Table 6-1

Relative Susceptibility to
Static-Discharge Damage

these components. Servicing stafic-sensitive. components
or assemblies should be performed only at a static-iree
work station by qualified service personnel.

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

Relative
Susceptibility

Semiconductor Classes Levels®
MOS or CMOS microeircuits or
discretes, or linear microcircuits
with MOS inputs =~ (Most Sensitive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High-frequency bipolar transistors 5
JFET 6
Linear microcircuits 7
Low-power Schottiky TTL 8
TTL (Least Sensitive} 9

ayoltage equivalent for levels (voltage discharged from a
100 pF capacitor through a resistance of 100 ohms):

100to 500V 4 = 500V 7 = 400 to 1000 V (est)
20040500V 5 =4001t0 600V 8 — 900V
2 =1

1
2
3 50 V 6 = 600 to 8OO V

[
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7. Do not slide the components over any surface.

8. Avoid handliing components in areas that have a
floor or work-surface covering capable of generating a
static charge. - L R

'PREVENTIVE

INTRODUCTION

Preventive ' maintenance consists of cleaning, visual
inspection, and checking instrument performance. When
performed regularly, it may prevent instrument malfunction
and enhance instrUment reliability. The severity of the
environment in which the instrument is used détermines
the reguired frequency of maintenance. An appropriate
time to perform preventive maintenance is just before
instrument adjustment.

GENERAL CARE

The cabinet minimizes accumulation of dust inside the
instrument and should normally be in place when operating
the oscilloscope. The instrument's front cover protects the
front panel and crt from dust and damage. It should be
installed whenever the instrument is stored or transported.

INSPECTION AND CLEANING

The scope should be visually inspected and cleaned as
often as operating conditions require. Accumulation of dirt
in the instrument can cause overheating and component
breakdown. Dirt on components acts as an insulating
blanket, preventing efficient heat dissipation. It also pro-
vides an electrical conduction path that could result in
instrument failure, especially under tigh-
humidity conditions.

Avold the use of chemical cleaning agents which
might damage the plastics used in this instrument.
Use a nonresidue-type cleaner, preferably isopropy!
alcohol or a solution of 1% mild detergent with 99%
waler. Before using any other type of cleaner, con-
suft your Tektronix Service Center or representative.

9. Use a soldering iron that is connected to earth
ground. : ' . '

10. Use only approved antistatic,

vacuum-type
desoldering tools for component removal. C

MAINTENANCE

.Exterior

~ INSPECTION. inspect the external portions of the
instrument for damage, wear, and missing paris; use
Table 6-2 as a guide. Instruments that appear to have
been dropped. or otherwise abused should be checked
thoroughly to verify correct operation -and performance.
Repair deficiencies that could cause personal injury or lead
to further damage to the instrument immediately.

To prevent getting moisture inside the instrument
during external cleaning, use only enough liquid to
dampen the cloth or applicator.

CLEANING. Loose dust on.the outside of the instru-
ment tan be removed with a soft cloth or small soft-bristie
brush. The brush is particularly useful for dislodging dirt on
and around the controls and cannectors. Dirt that remains
can be removed with a soft cloth damperied in a mild
detergent-and-water . solution. . Do . not - use: abrasive
cleaners.

Two plastic light filters, one blue and one clear, are pro-
vided with the oscilloscope. Clean the light filters and the
crt face with a soft lint-free cloth dampened with either
isopropyl alcohol or a mild-detergent-and-water solution,

Interior

To access the inside of the instrument for inspection
and cleaning, refer to the “'‘Removal and Replacement Pro-
cedure” in the “Corrective Maintenance™ part of this
section, '

INSPECTION. Inspect the internal portions of the scope
for damage and wear, using Table 6-3 as a guide.
Deficiencies found should be repaired immediately, The



corrective procedure for most visible defects is obvious;
however, particular care must be taken if heat-damaged
components are found. Overheating usually indicates
other trouble in the instrument; it is important, therefore,
that the cause of overheating be corrected to prevent
recurrence of the damage.

If any electrical component is replaced, conduct a Per-
formance Check for the affected circuit and for other
closely related circuits (see Section 4). 1f repair or replace-
ment work is done on any of the power supplies, verify

_that the affected power supply meets the voltage and rip-

ple tolerance requirements under Specification in Section 1
of this manual.

To prevent damage from electrical arcing, ensure
that circuit boards and components are dry before
applying power o the instrument.

CLEANING. To ciean the interior, blow off dust with
dry, low-pressure air (approximately 9 psi). Remove any

Maintenance—2440 Service

Exceptions to the following cleaning procedure are
‘the CH 1 and CH 2 Attenustor assemblies. Clean
these assemblies only with isopropyl alcoho! as
 described in Step 4 of the cleaning procedure. In
.addition, all other Front Panel controls are sealed
and require no maintenance. '

1. Gain access to the pérts to be cleaned by removing
easily accessible shields and panels (see "Removal and
Replacement Procedure”}.

2. Spray wash dirty parts with the detergent-and-water

" solution; then use clean water to thoroughly rinse them. -

3. Dry all parts with low-pressure air.

4. Clean switches with isopropyl alcohol and wait 60
seconds for the majority of the alcohol to evaporate. Then
complete drying with low-pressure air. ‘

<" ) remaining dust with a soft brush or a cloth dampened with
a solution of mild detergent and water. A cotton-tipped
applicator is useful for cleaning in narrow spaces and on
circuit boards. !f these methods do not remove all the dust 5. Dry all components and assemblies in an oven or
or dirt, the instrument may be spray washed using a solu- drying compartment using low-temperature (1 25°F to
; tion of 5% mild detergent and 95% water as follows: 150°F) circulating air.
Table 6-2
! External Inspection Check List
| Item Inspect For Repair Action
! Cabinet, Front Panel, Cracks, scratches, deformations, damaged Touch up paint scratches and replace
and Cover : . hardware or gaskets. defective components. '
j Front-panel Conirols Missing, damaged, or loose knobs, buttons, Repéir or replace missing or defective
| and controls. items.
| Connectors Broken shells, cracked insulation, and Hepléce defective parts. Clear or wash out
deformed contacts. Dirt in connectors. dirt. '
Carrying Handle Correct operation. Replace defective parts.
Accessories Missing items or parts of items, bent pins, Replace damaged or missing items, frayed
- broken or frayed cables, and damaged con- cables, and defective parts.
"'K ) nectors.
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Tabie 6-3
Internal Inspection Check List -

' ltem " Inspect For

: Reb’éir Action

Circuit Boards

Lodse’; brokeri, or correded solder connec-
tions. "Burnad circuit boards. Burned, bro-
ken, or cracked circuit-run plating.

Clean solder corrosion with an eraser and
tlush with isopropy! alcohol. Resolder defec-
tive connections. Determine cause of
- burned items and repair. Repair defective
-circuit runs.

Resistors

' Burned, cracked, broken, blistered.

-Replace defective resistors. Check for
cause of burned compcnent and repair as
© necessary. T '

Solder Connections Cold solder or rosin joints.

Resolder joint and clean with isopropyl

-aleehol.
Capacitors Damaged or leaking cases. Corroded solder Aeplace defective éapacitors. Clean soider
on leads or terminals, connections ‘and flush with isopropyl
alcohol.
Semiconductors Loosely inserted in sockets. Distorted pins. Firmly seat loose semiconductors. Remove

devices having distorted pins. Carefully
straighten pins (as required to fit the
socket), using long-nose pliers, and reinsert
firmly. Ensure that straightening action
does not crack pins, causing them to break
cff.

Wiring and Cables
or frayed wiring.

Loose piugs or connectors. Burned, broken, '

Firmly seat connectors. Repair or replace
defective wires or cables. N

Chassis Dents,

and  damaged

deformations, Straighten, repair, or replace defective
hardware, ) hardware. '
LUBRICATION PERIODIC READJUSTMENT

There is no periodic lubrication required for this
instrument. : ‘ -

SEMICONDUCTOR CHECKS

Periadic checks of the transistors and other semicon-
ductors in the oscilloscope are not recommended. The

best check of semiconductor performance is actual opera-

tion in the instrument.
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To ensure accurate measurements, check the perform-

_ance of this instrument.every 2000 hours of operation, or if

used infrequently, once each year. In addition, replacement
of components may necessitate readjustment of the
affected circuits.

Complete Performance Check and Adjustment pro-
cedures are given in Sections 4 and 5. The Performarce
Check Procedure can also be helpful in localizing certain
troubles in the instrument. In some cases, minor problems
may be revealed or corrected by readjustment.
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TROUBLESHOOTING

INTRODUCTION

Preventive maintenance performed on a regular basis
should reveal most potential problems before an instru-
ment malfunctions. However, should troubleshooting be

. required, the following information is provided to facilitate

location of a fault. In addition, the material presented in
the “Theory of Operation” and “Diagrams” sections of
this manual may be helpful while troubleshooting.

TROUBLESHOOTING AIDS

Diagnostic Firmware -

The operating firmware in this instrument contains diag-
nostic routines that aid in locating malfunctions. When
instrument power is applied, power-up tests are performed
to verify proper operation of the instrument. If a failure is
detected, this information is passed on to the operator in
the form of a CRT readout error message. The failure
information directs the troubleshooter to the area of failing
clreuitry, If the failure Is such that the processor can still
execute the diagnostic routines, the user can call up
specific tests to further check the failing circuitry. The
specific diagnostic routines are explained later in
this section.

- Schematic Diagrams

Complete schematic diagrams are located on tabbed
foldout pages in the “'Diagrams’ section. Heavy black lines
that entlose portions of the circuitry represent the circuit
board ¢n which the enclosed circuitry is mounted, The
assembly number and name of the circuit board are shown

- near either the top or the bottom edge of the diagram.

Functional blocks on schematic diagrams are outlined
with a wide grey line. Components within the outlined area
perform the function designated by the block label. The
“Detailed Block Diagram Description” in the "“Theory of
Operation"  uses these functional block names when
describing circuit operation, aiding in cross-referencing
between the two circuit descriptions and the schematlc
diagrams.

reference numbers {enclosed in hexagonally-shaped boxes)
are also shown on each diagram. Waveform illustrations
are located adjacent to their respective schematic diagram.

Circuit Board lllustrations

Circuit board illustrations showing the physical location
of each component aré provided for use in conjunction
with each schematic diagram. Each board fllustration is
found in the ''Diagrams’ section on the back of a foidout
page, preceding the first schematic diagram{s) to which it
relates.

The locations of waveform test points are marked on
the circuit board illustrations with hexagonally outlined
numbers corresponding to the waveform numbers on both
the schematic diagram and the waveform illistrations.

Cir'cuit_ Board Locations

The placement of each circuit board in the instrument is
shown in a board locator illustration. This iliustration is
located on the foldout page along with the circuit board
illustration.

Circuit Board Interconnections

-A circuit board interconnection diagram is provided in
the “'Diagrams’ section to aid in tracing a signal path or
power source between boards. Al wirg, plug, and jack
numbers are shown along with their associated wire or pin
numbers.

Power Distribution

Power distribution is traceable through the schematic
diagrams in the "Diagrams” section. The low-voltage
power supplies originate on the Power Supply board and
are schematically illustrated in diagrams 22 and 23. The
high-voltage and +61 V power supplies, originating on the
High Voltage board, are shown in diagram 18. Any power
supply can be tracked back to its diagram and forward to
other circuitry illustrated on different diagrams. :

Component numbers and electrical values of com-
ponents in this instrument are shown on the schematic
diagrams. Refer to the first page of the “Diagrams” sec-
tion for the reference designators and symbols used to
identify components. important voltages and waveform

Power is distributed to the different circuit boards
through interconnect assemblies consisting of one or more
connectors. The diagrams showing these assemblies (or
partial assemblies) provide the interconnecting assembly
{wire, plug, and/or jack) numbers, as well as the number
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for the individual pins or wires distributing the supplies. By
referencing the numbers for the assembly and its' connec-

tor wire(s), the diagram showing that section of the power -

distribution path immediately preceding the section illus-
trated (on a given diagram) can be determined.

It power is’ carried to” another intergonnect assembly
and on to another circuit board, that distribution is shown.
The other interconnect - assembly and conductors are
labeled as previous described, except the an Individual
connector number indicates the diagram showing the
succeeding distribution path’ section rather than the
‘praceding section. This method allows the tracing of power
distribution either up the path towards the originating sup-
ply, or away (further down the dlstnbutlon path) from that
SUPPW

In some cases, the diagram showing an interconnect
assembly carrying power to a circuit board may not illus-
trate’ all of that circuit- board. Arrows: pointing to diagram
numbers indicate other schematic diagrams (illustrating
other parts of the circuit board) whére the supplies are
routed.. Further, any diagram showing a partiai circuit
board will indicate the number of the diagram where the
interconnect assembly(ies) routing power supplies to that
board is illustrated. This method allows tracing power dis-
tribution back to an interconnect assembly, at which point
further distribution tracing can occur.

As a further aid to power supply distribution, the
“Diagrams” section contains an interconnect diagram,
This diagram shows all of the interconnections between
_the various circuit board. assemblies, including the power.
supplies. This diagram can also be an aid in power d:stn-
bution tracmg

Grid Coordinate System

-Each- schematic diagram. and - circuit. board |Ilustrat|on
has a grid border along. fts left and top edges. A table
located adjacent to each diagram lists the grid coordinates
of each component shown on that diagram. To aid in
physically locating components on the circuit board, this
table alsa lists the grid coordinates of each component an
the circuit board illustration.

Near each circuit board illustration is an alphanumeric
listing of all components mounted on that board. The
second column in each listing . identifies the schematic
diagram in which each compgnent can be found. These
component-locator tables are especially useful when more
" than one schematic diagram is assomated with a particular
cireuit board.

Troubleshootang Charts

The troubleshoot:ng charts contained in the
"Diagrams’* section are to be used in conjunction with the
Extended Diagnostics of Table 6-6 {at the back of this sec-
tion) as an aid in locating malfunctioning circuitry. To use
the charts, begin with the Initial Troubleshooting Guide
shown in Figure 6-6. This guide will help identify problem
areas and will direct you to the appropnate procedures for
further troubleshooting.

Component Color Coding

Information regarding calor codes and markings  of
resistors and._ capacitors is located on the color-coding
ilustration (Figure 9-1) at the beginning of the “Diagrams"’
section.

Semiconductor Lead Configurations

Figure 8.2 in the "Diagrams” sectioh shows the lead
configurations for most types of semiconductor devices
used in the instrument. Vendor changes and performance
improvement changes may result in changes of case styles
or lead configurations. If the device in question does not
appear to match a configuration shown in Figure 9-2,
examine the associated circuitry or consult a
manufacturer's data sheet to obtaln the pin nomenclature.

Multipin Connectors

Multipin connector orientation is indexed by two trian-
gles; one on the holder and one on the circuit board. Slot
numbers are usually molded into the holder. When a
connection is made to circuit board pins, ensure that the
index on the holder is aligned ‘with the index on the curcu1t
board (see Figure 6-1).

{0995-1 1) 2662-50

Figure 6-1. Multipin connector.



TROUBLESHOOTING EQUIPMENT

The equipment listed in Table 4-1 of this manual, or
equivalent equipment, may be useful when troubleshooting
this instrument. .

TROUBLESHOOTING TECHNIQUES

In the following list of troubleshooting procedures, the
first two steps use diagnostic aids Inherent in the
instrument's operating firmware. These built-in tests can
locate many circult faults to aid in isolating the problem cir-
cuitry. The next four procedures are check steps that

ensure proper control settings, connections, operation, and -

adjustment. If the trouble is not located by these checks,
the remaining steps will-aid in locating the defective.com-
ponent. When the defective component is located, replace
it using the appropriate replacement procedure given
under *'Corrective Maintenance” in this section.

Before using any fest equipment to make measure-
ments on static-sensitive, current-sensitive, or
voftage-sensitive components or assemblies, ensure
that any voltage or current supplied by the test
equipment does not exceed the fimits of the com-
ponent to be tested.

1. Power-up Tests

This scope performs automatic verification of the
instrument. If a failure occurs, refer to the “Calibration and
Diagnostics” discussion later in this section for interpreting
the failure. '

If a problem'is found, the associated troubleshooting
procedure may be used to isolate the problem. The

“troubleshooting procedures are found in Table 6-6 (located

in the “Diagnostics” subsection}.- See Figure 6-6 (also in
the Diagnostics subsection) for the Initial Troubleshooting
Guide.

2. Diagnostic Test Routines.

Maintenance—2440 Service

3. Check Control Settings

tncorrect contro! settings can give a false indication of
instrument malfunction. If there is any question about the
correct function or operation of any contro!, refer to either °
the “Operating Information” in Section 2 of this manual or

‘to the scope's Operators Manual.

4. Check Associated Equipment

Before proceeding, ensure that any equipment used
with the scope is operating correctly. Verify that input sig-
nals are properly connected and that the intercennecting
cables are not defective. Check that the ac-power-source
voltage to all equipment is correct.

5. Visual Check

To avoid electrical shock, disconnect the instrument
from the ac power source before making a visual
inspection of the internal circuitry.

Perform a visual inspection. This check may reveal bro-
ken connections or wires, damaged components, semicon-
ductors not firmly mounted, damaged circuit boards, or

" other clues to the cause of an instrument malfunction.

6. Check Instrument Performance and
Adjustment

Check the performance of those areas where trouble
appears to exist. The trouble condition observed may be
the result of a lack of calibration. Complete Performance
Check and Adjustment procedures are given in Sections 4
and 5 of this manual respectively.

7. Isolate Trouble to a Circuit

To isolate problems to a particular area, use any symp-
toms noticed to help locate the trouble. Refer io the
Extended Diagnostics table (Table 6-6) in the “Calibration
and Diagnostics” discussion in this section as an aid in
locating a faulty circuit.

8. Check Power Supplies

The instrument firmware contains diagnostic routines
that may be selected by the user from the front panel to
further clarify the nature of a suspected failure. The

" desired test is selected using the MENU buttons after

entering the ‘Extended Diagnostics Mode. Entry into the
Diagnostic Mode and its uses are explained in the “Cali-
bration and Diagnostics" discussion later in this section.

WARNING I

For safety reasons, an isolation transformer must be
connected whenever troubleshooting in the Preregu-
lator and Inverter Power Supply sections of the
instrument.
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When trouble symptoms appear in more than one cir-
cuit,. first check the power supplies; then check the

'affected circuits. by taking voltage and waveform readlngs _

the Total Peak-to-Peak Ripple specmcatlon Table 6-4 Ilsts

the power suppiy voltage level and ripple limits for each 7

supply.

These voltages are measured betwéen the power sup-
ply test points (most of which are located on the Side
Board near the Front Panel uP) and ground. Voltage ripple
amplitudes must be measured ‘using an oscilloscope.
Before measuring ac ripple, set the STORAGE ACQUIRE
mode of the 2440 to SAVE. Use a 1X probe having as
short a ground lead as possible to minimize stray pickup.

"NOTE

The oscilloscope used to measure ripple must be
bandwidth limited to 20 MHz. Use of a. higher
bandwidth oscilloscope without 20 MHz bandwidth
fimiting will result in higher readings.

Table 6 4
Power Supply Voitage and Ripple Limits®

If the power-supply voltages and ripple are within the
listed ranges in Table 6-4, the supply can be assumed to
be working correctly. If the supply is not within specified
ranges, the fault may or may not be located in the power
supply circuitry. A defective component elsewhere in the
instrument can create the appearance of a power-supply
problem and may also affect the operation of other cir-
cuits. Use the power supply trcubleshoot:ng charts to aid
in locating the problem

9. Check Circuit Board Interconnections

. After the trouble has been isolated. to a particular cir-
cuit, again check for foose or broken connections, improp-
erly seated semiconductors, and. heat-damaged
components. :

| p-P
Power Reading Ripple -
Supply {Volts) ’ {mV}
FEV T B s 6295 | 100
+15V 14.74 to 15.26 _ 10
+10V Ref 9.97 to 10.03 10
+8V 7.85 10 8.15 10
+5V 491105.09 10
+5 VD' 4.83 10 5.17 150
~ [digital) _
—5V —495t0 ~5.05 10
—8YV —7.85t0 —8.15 10
15V —~14.74 10 —15.26 10
~—18 V unreg ‘ ‘ 350
—1900 V —1855 to —1945
aat 25°C.
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10. Check Vbltages and Waveforms

Often the defective component can be located by
checking circuit voltages or waveforms. Typical voltages
are listed on the schematic diagrams. Waveforms indicated
on theé schematic diagrams by hexagonally outlined
numbers are shown adjacent to the diagrams. Waveform
test points are shown on the circuit board illustrations.

- NOTE

Voltages and waveforms indicated on the schematic
diagrams are not absolute and may vary slightly
between insfruments. To establish operating condi-
tions similar to those used to obtain these readings,

~ set up the Test scope and the 2440 under fest,as
-Indicated - near- the  waveform MNustrations for a
schemalic diagram. - 7

11. Check Individual Components

To avoid electric shock, always disconnect the
instrument from the ac power source before remov-
ing or replacing components.

CAUTION

When checking semiconductors, observe the static-
sensitivity- precautions located at the beginning of
this sect.ron



To accurately check components, it is often necessary
to remove or partially disconnect the component from the
clreuit board, in order to isolate it from surrounding cir-
cuitry, Partial specifications (resistor tolerance, transistor
type, etc.) for most components can be found by referenc-
ing the component designation number in the “Replace-
able Electrical Parts.” Also see Figure 9-1 for component
value identification and Figure 9-2 for semlconductor lead

configurations.
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12. Repair and Adjust the Circuit

If any defective parts are located, follow the replace-
ment procedures given under ‘‘Corrective Maintenance™ in
this section. After any electrical component has been
replaced, the performance of that circuit and any other
closely related circuit should be checked. if work has been

. done on the power supplies, a complete check of the regu-

lated voltages should be done to verify that the supply
voltages are In tolerance. A check of the Display
ADJUSTS calibration and a SELF CAL should verify that
the instrument meets Performance Requirements if the
voltages are all correct.

CORRECTIVE MAINTENANCE

INTRODUCTION

Corrective maintenance consists of component replace-
ment and instrument repair. This part of the manual
describes special techniques and procedures required to
replace components in this instrument. If it is necessary 1o
ship your instrument to a Tektronix Service Center for
repair or service, refer to the "'Repackaging for Shipment"
information in Sectlon 2 of this marnual.

MAINTENANCE PRECAUTIONS

To reduce the possibility of personal injury or instru-
ment damage, cbserve the following precautions:

1. Disconnect the instrument from the ac-power source

3. Use care not to interconnect instrument grounds
which may be at different potentials (cross grounding).

4, 'When soldering on circult boards or small insulated
wires, use only a 15-watt, pencil-type soldering iron.

5. Use an isolation transformer to supply power to the -
2440 if removing the shield and troubleshooting in the

power supply.

OBTAINING REPLACEMENT PARTS

Most electrical and mechanical parts can be obtained
through your local Tektronix Field Office or representative.
However, many of the standard electronic components can

L

. before removing or installing components.

2. Verify that the _'Iine-rectifier filter capacitors are
discharged prior to performing any servicing.

usually —beobtained—from—a—local—commercial-—source:
Before purchasing or ordering a part from a source other
than Tektronix, Inc., please check the ""Replaceable Elec-
trical Parts” list for the proper value, rating, tolerance, and
description,
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NOTE

.. Physical size and shape of a component may affect
instrument performance particularly at high frequen- _
cies. Always use direct-replacement components, .
unless it is known that a substitite will not degrade
msrrument performance

Special Parts

In addition to the standard electronic. scomponents,
many special parts ars used in this scope. These com-
ponents are manufactured or selected by Tektronix, Ing. to
meet specific performance requirements, or are manufac-
tured for Tektronix, inc.
specifications. The various manufacturers can be identified
by referring to the "Cross Index—MFR Code Number to
Manufacturer” at the beginning of the “Replaceable Electri-
.cal. Parts” list. Most.of the. mechanical parts. used in. this
Instrument were mahufactured by Tektronix, Inc. Crder ail
special parts directly from your local Tektronix Field Office
or representative.

Ordering Parts

When ordering replacemént parts from Tektronix, Inc.,
be sure to include all of the following ]nformation:

1. Instrument type (include modification or option
numbers).

2. Instrument serial number.

3. A description of the part (if eiectricail, include its
full circuit component number).

4, Tektronix part number.

MAINTENANCE AIDS

The maintenance aids listed in Table 6-5 include items
required for performing most of the maintenance pro-
cedures in this instrument. Equivalent products may be
substituted for the examples diven, provided their charac-

. teristics are similar.

INTERCONNECTIONS

Interconnections in this instrument are made with pins
soldered onto the circuit boards. Several types of mating
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in accordance with our-

connectors are used for the interconnecting pins. The fol-
Iowmg information provides the replacement procedures
for the various types of connectors.

EndeLead Pin Connectors

- Pin connectors used to connect the wires fo the inter-
coninect pins aré factory assembled. They consist of
machine-inserted pin connectors mounted in plastic hold-
ers. If the connectors are faulty, the entire wire assembly
should be replaced.

Multipin Connectors

When pin connectors are grouped together and
mounted in a plastic holder, they are removed, reinstalled,
or reptaced as a unit. If any individual wire or connector in
the assembly is faulty, the eritire ¢able dssembly should be
replaced. To provide carrect orientation of a muitipin con-
nector, an index arrow is stamped on the circuit board,
and either a matching arrow is moided into or the numerai
1 is marked on the plastic housing as a matching index.
Be sure these index marks are aligned with each other
when the multipin connector is reinstalled.

TRANSISTORS AND
INTEGRATED CIRCUITS

Transistors and integrated circuits . should not be
replaced unless they are actually defective. ¥ removed
from . their. sockets .or..unsoldered. from . the. circuit. .board
during routine maintenance, return them to their originai
board locations. WUnnecessary replacement or transposing
of semiconductor devices miy affect the adjustment of the
instrument. When a semiconductor Is replaced, check the
performance of any circult that may be affected.

Any replacement component should be of the original
type or a direct replacement. Bend transistor leads to fit
their circuit board holes, and cut the leads to the same-
length as the original component. See Figure $-2 in the
"Diagrams™ section for lead-configuration illustrations.

After replacing a power transistor, check that the
collector is not shorted to the chassis before apply-
ing power to the instrument.



Table 6-5

Maintenance Aids
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Description

Specification

Usage

Example

1. Soldering lron

15 to 25 W,

General soldering and
unscldering.

Antex Precision Model C.

2. Torx Screwdrivers

Torx tips #T7, #T8,
#T10, #T15, and #720.

Assembly and disassembly.

Tektronix Part Nurmbers:
003-1293-00
003-0965-00
003-0814-00
003-0966-00
003-0866-00.

3~. Nutdrivers

1/4 inch, 7/32 inch, 5/16
inch, 1/2 inch, and 9/16 .
inch.

Assembly and disassembly.

Xcelite #7, #8, #10, #16,
and #18.

4. Open-end Wrench

9/16 inch and 1/2 inch.

Channel. Input and Ext Trig
BNC Connectors.

Tektronix Part Numbers:
9/16 in. 003-0502-00
1/2 in. 003-0882-00.

5. Hex Wrenches

0.050 inch, 1/16 Inch.

Assembly and disassembly.

Allen Wrenches.

6. Long-nose Pliers

Component removal and
replacement.

Diamalloy Model LN55-3.

7. Diagonal Cutters

Component removal and
replacement.

Diamalloy Model M554-3.

8. Vacuum Solder
Extractor

No static charge retention.

Unsoldering static sensitive
devices and components on
multilayer boards.

Pace Model PC-10.

9. Contact Cleaner

No-Noise R.

Switch and pot cleaning and

Tektronix Part Number:

and lubricant lubrication. 006-0442-02.
10. Pin-Replacement Kit Replace circuit board con- | Tektronix Part Number:
nector pins. 040-0542-00.

11. IC-Removal Tool

Removing DIP IC packages.

Augat T114-1,

12, Isopropyl Alcohol

Reagent grade.

Cleaning  attenuator and
front-panel assemblies.

2-Isopropanol.

. Tektronix Part Number -

13. Isolation lsolate the instrument from
Transformer? the ac power source for | 006-5853-00.
safety. _
14. 1X Probe Power supply ripple check. TEKTRONIX P6101 Probe

{1X} Part Number 010-6101-
03.

8The isolation transformer (item 13) is an important SAFETY item. The switching power supply of the scope has areas that float at
the ac-source potential, and a serious shock hazard exists when the power supply safety shield is removed to permit trouble-
shooting if power is applied directly from the ac-source.

o
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The chassis-mounted power supply transistor is insu-
lated from the chassis by a heat-transferring mounting
block. Reinstall the mounting block and bushings when’
replacing these. transistors. Use a thin layer of heat-
transferring compound . between the insulating block and
chassis when reinstalling the block.

To remove socketed . duakindine packaged (DIP)

integrated circuits, pull slowly and evenly on both ends of
the device. Avoid disengaging one end of the integrated
circuit from the socket before the other since this may
damage the pins.

. To remove a soldered DIP IG when it is going to .be..

replaged, clip all the leads of the device and remove the

leads from the. circuit board one at a time. I the device -

must be removed intact for possible reinstallation, do not
heat adjacent conductors consecutively. Apply heat to pins
at alternate sides and ends of the IC as solder is removed:
Allow a moment for the circuit board to cool before
proceeding to the next pin.”

SOLDERING TECHNIQUES

The refiability .and accuracy of this instrument can be
maintained only if proper soldering technigues are used to
remove or replace parts. General soldering techniques,
which apply to maintenance of any precision electronic
equipment, should be used when -working on this instru-
ment.

To avoid an electric-shock hazard, observe the fol-
lowing precautions before attempting any soldering:
turn the instrument off, disconnect it from the ac
power source, and wait at least three minules for
the line-rectifier filter capacitors to discharge.
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it to air dry.

_ Use rosin-core wire solder containing 63% tin and 37%
lead. Contact your local Tektronix Field Office or repre-
sentative to obtain the names of approved solder types.

When soldering on circuif boards or smail insulated
wires, use only a 15-watt, pencil-type soldering iron. A
higher wattage soldering iron may cause etched circuit

. conductors to separate from the board base material and

melt the insulation on small wires. Always keep the
soldering-iron tip properly tinned to ensure best heat
transfer from the iron tip to the solder joint. Apply only
enough solder to make a firm joint. After soldering, clean
the area around the solder connection with an approved
flux-removing solvent (such as isopropy! alcohol) and allow

Only an experienced maintenance person, proficient
in the use of vacuum-type desoldering equipment
should attempt repair of any circuit board in this
instrument. Many integrated circuits are static sensi-
tive and may be damaged by solder exiractors that
generate static charges. Perform work involving
static-sensitive devices only at a static-free work
station while wearing a grounded antistatic wrist
strap. Use only an antistatic vacuum-type solder
extractor approved by a Tektronix Service Center.

CAUTION

Attempts to unsolder, remove, and resolder leads
from the component side of a circuit board may
cause damage to the reverse side of the circuit
board,

. The following techniques should be- used to re'place a
component on a circuit board:

1. Touch the vacuum desoldering tool to the lead at
the solder connection. Never place the iron directly on the
board; doing so may damage the board.



NOTE

Some components are difficult to remove from the

circuit board due to a bend placed in the component

leads during machine insertion. To make removal of

machine-inserted components easier, straighten the

component Ieads on the reverse side of the circuit
- board.

2. When removing a multipin component, especially an
IC, do not heat adjacent pins consecutively. Apply heat to
the pins at alternate sides and ends of the IC as solder is
removed. Allow a moment for the circuit board to cool
before proceeding to the next pin.

Excessive heat can cause the efched circuit con-
ductors to separate from the circuit board. Never
allow the solder extractor tip to remain at one place
on the board for more than three seconds. Solder
wick, spring-actuated or squeeze-bulb solder suck-
ers, and heat blocks (for desoldering multipin com-
ponents) must not be used. Damage caused by poor

soldering techniques can void the instrument
warranty. ‘

3. Bend the leads of the replacement component to fit
the holes in the circuit board. If the component is replaced
while the board is installed in the instrument, cut the leads
s0 they protrude only a small amount through the reverse
side of the circuit board. Excess lead Iength may cause
shorting to other conductive parts.

4. Insert the leads into the holes of the board so that
the replacement component is positioned the same as the

-original component. Most components should be flrmly

seated against the circuit board.

Maintenance—2440 Service

6. Cut off any excess lead protruding through the gir-
cuit board (if not clipped to the correct length in Step 3).

7. Clean the area around the solder connection with an
approved flux-removing solvent. Be careful not to remove
any of the printed information from the circuit board.

REMOVAL AND REPLACEMENT
'PROCEDURE '

Read these instructions completely before attemptmg
any corrective maintenance.

To avoid electric shock, disconnect the instrument
from the ac power source before removing or replac-
ing any component or assembly.

The exploded view drawing in the 'Replaceable
Mechanical Parts" list at the rear of this manual may be
heipful during the removal and installation of individual
components or subassemblies. Figure 6-2 illustrates the
locations of the circuit boards referred to in this procedure.
Individual circuit beards are illustrated in the ‘'Diagrams™
section of this manual; those illustrations are useful in
location of the components referred to in this procedure.

As -a further aid in component location, this procedure

5. Touch the soldering iron to the connection and apply
enough solder to make a firm solder joint. Do not move
the component while the solder hardens.

" specifies the location of most of the components to be

disconnecied. The component side of a circuit board is -
referred to as the ‘““top” side of the board; the edge
nearest the Front Panel is the front edge. The remammg
sides and edges follow from this orientation.
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_A13—PROCESSOR BOARD

A17—HIGH VOLTAGE
POWER SUPPLY BOARD

ILLUMINATION BOARD

A13—SIDE BOARD

A16—LOW VOLTAGE
POWER SUPPLY BOARD

A14—FRONT PANEL BOARD

A30, A31, A32, A33—GAIN CELL BOARDS

Located near the back an the A10—
Main board bottom (component) side.

A11—TIME BASE/DISPLAY BOARD

6603-22

Figure 6-2. Circuit Board Location.
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1. Cabinet Removal

a. Disconnect the power cord from any ac power
source. :

b. Disconnect the power cord from its receptacle at the
instrument's Rear panel.

c. Grasp the power cord plug (female end), rotate the
power cord retainer 1/4 turn, and pull it to remove the cord
from the Rear panel.

d. Grasp the handle hubs (at right and left side of the
instrument) and pull outward. Rotate the hubs to position
the front of the handle away from the front of the
instrument.

e. Install the protective Front cover over the Front
panel. Push on the cover to lock the cover's side tabs
around the Front panel’s trim band. . '

f. Set the instrument =o it rests on the Front cover.

g. Remove the four screws inside the four rear feet at
the instrument’s back panel.

Dangerous potentials exist at several points
throughout this instrument. If it is operated with the
cabinet removed, do not fouch exposed connections
or components. Some transistors may have elevated
case voltages. Disconnect the ac power source from
the instrument and verify that the line-rectifier filter
capacitors have discharged before cleaning the
- instrument or replacing parts (see label on the Low
Voltage Power Supply caver). '

“h, Grasp the handle hubs {at right and left sides of the .
instrument) and pull outward. While holding the hubs out-

Maintenance—2440 Service

The line-rectifier capacitors normally retain a charge. .
for several minutes after the instrument is powered
off and can remain charged for a longer period if a
bleeder resistor or other power supp!y' problem
occurs. Before beginning any cleaning or work on
the internal circuitry of the instrument, discharge the
capacitors by connecting a shorting strap in series
with a 1 k2, 5 watt resistor across the capacitors.
Connect one end of the shorting strap/resistor com-
bination to upper-most terminal of 51 020 (the termi-
nal connected through a wire to W310). Connect the
other end to pin 11 of T117 (the pin protruding from
the side of the transformer, near ils right-rear
corner). Measure across those two connections with
a voltmeter to ensure the capacitors are discharged. -

2. Timebase/Display Board Removal
a. Perform Step 1 to remove the cabinet.

b. Set the instrument on a flat, smooth surface, with
its underside facing down and the Front panel facing
forward.

c. -Disconnect the ribbon-cable connector from J100 of
the Timebase/Display board. J100 is located at the right-
front corner of the Timebase/Display board. '

d. Disconnect the ribbon cable connector at J141 of
the Main board. J141 is located at the lower fight-rear
corner of the instrument. ‘ :

e. Disconnect the ribbon cable connector at J121 of
the Timebase/Display board. J121 is located at the right-
rear corner of the board, under the ribbon cable discon-
nected in part d. ‘

. Disconnect P117 and P148 from J117 and J148.
J117 and J148 are located on the Timebase/Display board,
at the right-rear corner and center-rear edge, respectively.

: |
R
'

ward, pull straight up from the rear of the cabinet 1o
remove the cabinet from the instrument.

Reverse paris a through h to install the cabinet.

g. Remove the three mounting screws securing the
Timebase/Display board to the Center chassis and Power

Supply.
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h. Using a 7/32 inch nutdriver, rotate the two black -

plastic retaining latches counterclockwise 1/4 tum to
unlack them. The two retaining latches are located near
the left-front and Ieft-rear carners .of the TlmebaseID|spfay
board,

i. -Grasp the left edge of the Timebase/Display board
and :rotate it (and the .Top chassis). upward about 45
degrees. While supporting the Top chassis, ‘disconnect the
ribbon cable connpector at J131. (left-front corner of  the
Timebase/Display board) and the fiex cable at J125 (right-
rear corner of the Processor board on the underside of the
Top chassis).

j. Continue to rotate the Top chassis until it is at a 90
degree angle to the top of the instrument.

k. Rotate the black retaining latch {center-left edge of
the Timebase/Display board) 1/4 turn counterclockwise to
release the board from the Top chassis.

I. Grasp the left edge of the board and pull it slightly
away from the Top chassis until it clears the head of the
retaining latch unlocked in part k. Pull Up on the board
until the right edge of the board slips out of the four chan-
nel notches on the Top chassis.

Reverse parts a through 1 to install the board to the
Top chassis and to secure the Top chassis to the Center
chassis. Take care to fit the right edge of the board to the
four channel notches when mstalllng the board on the Top
chassis. . : -

3. Processor Board Removal
a. Perform Step 1 to remove the cabinet.

b. Set the instrument on & fldt, smoocth surface,” with
its underside facing down and the- Front panel facing
forward.

¢. Remove the three mounting screws securing the
Timebase/Display board to the Center chassis and Power

Supply.

d. Using a 7/32 inch nutdriver, rotate the two black
retaining latches counterclockwise 1/4 turn to uniock them.
The two retaining latches are located near the left-front
and left-rear corners of the Timebase/Display board.
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e. Grasp the left edge of the Timebase/Display board
and rotate it {and the. Top chassis) upward about 45
degrees. While supporting the Top chassis, discorinect the
ribbon cable connector at J131 (left-front corner of the
Timebase/Display board) and the flex cable at J125 (right
rear corner of the Processor board on the underside of the
Top chassis).

f. Continue to rotate the Top chassis until it is at a 180
degree angle to the top of the instrument. The top of the

. Processor board s now exposed.

g. Disconnect the ribbon-cable connector from J103
and the flex cable connector from J207 of the Processor
board. J103 and J207 are [ocated at the left-front corner of
the board.

h.” Disconnect the ribbon cable connector at J123 of
the Processor board (instruments with Option 05 instailed
only}. J123 is located at the rear quarter section of the
board near the center. :

i. Disconnect the ribbon cable connectors at J181 and
J120 of the Processor board. J181 and J120 are located
at the left rear corner of the board.

j. Rotate the black retaining latch (center-right edge of
the Processor board) 1/4 turn counterclockwise to release
the board from the Top chassis.

k. Grasp the right edge of the board and pull it slightly
away from the Top chassis until it ciéars the head of the -
retaining.latch unlocked in part j..Pull up-on the board until
the left edge of the board slips out of the four channel
notches on the Top chassis. :

Reverse parts a through k to install the board on the
Top chassis and to segure the Top chassis to the Center
chassis. Take care to fit the edge of the board to the four
channel notches when installing it on the Top chassls.

4. Front Pane! Board Remova!l

a. Perform Step 1 to remove the cabinet from the
Instrument. .

b. Set the ‘instrument on a flat, smooth surface, with
its underside facing down and the Front panel facing
forward.



(s

c. Pull straight out on the INTENSITY control knob to
remove it from its shaft.

d. Using a small, flat-bladed screwdriver, gently pry
loose and-remove the top trim cover.

e. Remove the four screws exposed by part d.

f. Turn the instrument over to expose the bottom of
the trim ring and remove the two screws securing the front
feet to the instrument. Remove the feet from the trim ring.

__g.. Remove the two remaining screws securing the. trim
ring. '

h. Grasp the edges of the trim ring and pull forward to
remove it from the Front casting.

i. Turn the instrument over so its top side is up.

j. Remove the three mounting screws securing the
Timebase/Display board to the Center chassis.

k. Using a 7/32 inch nutdriver, rotate the two black
retaining latches counterclockwise 1/4 turn to unlock them.
The two retaining latches are located near the lefi-front
and left-rear corners of the Timebase/Display board.

. Grasp the left edge of the Timebase/Display board
and rotate it (and the Top chassis}) upward about 45
degrees. While supporting the Top chassis, disconnect the
flex cable at J125 (right-rear corner of the Processor board
on the underside of the Top chassis).

m. Continue to rotate the Top chassis until it Is at a
180 degree angle to the top of the instrument.

n. Disconnect the ribbon cable connector from J166 on
the Low Voltage Power Supply board and push it towards
the rear of the instrument. J166 is located at the left-front
section of the bepard near the front corner of the Center
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p. Remove the anode lead from its retainer and dress
it away from the lower square hole in the Main chassis.
Take care not to separate the male end of that lead from
the female end. ‘

q. Disconn_ecf the ribbon cable connector from J152 of
the Main board. J152 is located in front of the High Volt-
age shield, at the lower left side of the instrument. :

r. Carefully route the connectors disconnecied in parts
o and g to the inside of the instrument,

s. Gently push the backside of the Front Panel Control
assembly until it is removed from the Front casttng

t. To remove the Front Panel Control board from the
Front panel, perform the following subparts: :

{1) Using a 1/16 inch allen wrench, remove the CH 1
and CH 2 VOLTS/DIV control knobs, as well as the A
and B SEC/DIV control knob.

{2) Pull straight out on the remaining five control knobs
to remove them from their shafts.

{(3) Tum the Front panel face down and remove the
four mounting screws from the Front Panel Control
board. Separate the Front panel from the board.

Reverse parts a through t to assemble the Front panel
assembly and install it on the instrument. Take care to
align the GPIB Status indicators to their holes in the trim
ring when installing that band.

5. Main Board and Gain=Cell Board Removal

a. Periorm Step 1 to remove the cabinet from the
instrument.

b. Perform parts a through h of Step 4 to remove the
Front Panel trim ring.

¢. Pull the Front Panel assembly forward until it is clear
of the Front casting and the face of the Front casting is
accessible (it is not necessary to disconnhect the cables -
connecting the assembly to the maln mstrument)

chassis.

o. Disconnect the ribbon cable connector from J150 at
the front of the Side board.

d. Remove the six screws securing the Main board to
the Front casting. The screws are located on the face of
the casting and are adjacent to the four BNC connectors.
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e. Disconnect the two flex cable connectors at J104
and J108; and the ribbon cable connector &t J105. J104,
J105, and J108 are located near thé right-front corner of
the board.

f Disconnect the three ribbon cable connectors from

edge of the -board.

g. Disconnect the cable connector from J107; located
near the right-rear comer of the board, and from J106,
located near center-front edge of the board.

h. Remove the screw securing the end of the Power
switch's extension shaft to the Front casting.

i. “Grasp the large extension shaft near where it joins to
the” sl —shaft "Bt the " poWer sWitch and "pull it upwards
from the Main board to disconnect it. Lift up and back
{towards the rear of the instrument) to remove the exten-
sion shaft from the Front casting.

NOTE

When installing the extension .shaft.fo the Power

switch, push the smafl shaft to put the switch in the.

IN position, Insert the shaft info the Front casting,

align the extension shaft to the small shaft, and

push the bution end of the switch until the two
- shafts are coupled. .

j. Using a 7/32 inch nutdriver, rotate the seven black
retaining latches 1/4 turn counterclockwise to release
them. -

"k' Dieeehheet the tlex ceble ednnector from' J114 and

the two retaining latches. J114 is located in left-rear corner
of the board.

l. Remove the two mounting screws securing the Main
board to Main chassis. .

‘m. Lift the board up from the instrument and back
from the Front casting to'complete the board removal.

n. GAIN CELL BOARD REMOVAL: If one (or more) of
the four Gain-Cell boards (mounted on right-rear corner of
the Main board) is to be removed, turn the Main board
over. Then desolder the 13 pins (two groups—one of five
pins, the other of eight). that connect the Gain-Cell board
to the main board, working from the bottom of the board.
When the pins are free the board can be removed. To rein-
stall, remount and resolder.

Reverse parts a through m to install the Main board.
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6. Side Board Removal

a. Perform Step 1 to remove the cabinet from the
instrument.

b. Set the Instrument on a flat, smooth surface with
the Side board facing up and the Front panel facing
forward.

¢. Disconnect the ribbon cable connectors from J111
and J141 of the Main board

d. Disconnect the ribbon'cabte connectors from J100
of the Timebase/Display board and J103 of the Processor

board. The two connectors are attached to the same I’Ib-

bon cable."

e. Disconnect the ribbon cable connectors from J121 of
the Timebase/Display board and J120 of the Processor
board. The two connectors are attached to the same rib-
bon cable.

. Disconnect the ribbon cable connector from J150 of
the Side board.

. . Perform parts | through | of Step 4 to access the

inside of the instrument. .

h. Disconneét the ribbon cable connector from J102 at
the right front corner of the Low Valtage Power Supply
board and route the cable to the outside of the instrument.

i. Rotate the Top chassis back to the normal (installed)
position. Using a 7/32 inch nutdriver, rotate the two retain-
ing latches 1/4 turn clockwise to temporarily secure it to
the instrument,

j. Rotate the black retairiing latch (near the front of the
Side board) 1/4 turn counterclockwise to urlock it.

k. Remove the mounting -screw (center of the Side
board) securing the Side board to the Main chassis.

I. Lift the front of the Side board up untit it clears the
retaining latch and then pull the board forward, until it
clears the channel notch at its rear edge, to complete the
removal.

o



Reverse parts a through | to install the Side board in
the instrument. Take care ta fit the rear edge of the board
to the channel notch when reinstalling to the chassis.

7. High Voltage Power Supply Board Removal

a. Perform Step 1 to remove the cabinet from the
instrument.

b. Set the instrument on a flat, smooth surface with
the High Voltage Supply board facing up and the Front
panel facing forward.

WARNING

The CRT anode lead may retain a high-voltage
charge after the instrument is powered off. To avoid
electrical shock, ground the CRT anode lfead to the
metal chassis after disconnecting the plug. Recon-
nect and disconnect the anode-lead plug several
times, grounding the anode lead to chassis ground
each time it is disconnected to fully dissipate the
“charge. '

c. Remove the anode lead from the retaining hook that
secures it to the Main chassis.

d. Disconnect the CRT lead (male end) from the High -
Voltage Module lead.

e. Remove the single screw securing the High Voltage
Power Supply and lift the High Voltage shield off.

The flve mounting posts on the side of the High Volt-
age module (U565) may retain a high-voltage charge
after the instrument is powered off. To avoid elec-
trical shock, discharge these posts to the metal .
chassis through an appropriate shorting strap.

f. Discharge the five posts on the side of the High Volt-

. agemodule to the metal chassis.
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h. Disconnect the remaining ribbon connector from
J105 on the Main board.

i. Pry outward on either one of two retaining latches
securing the fan on its mounting posts. As the latch clears
the edge of the fan, pull the fan outward and away from
the instrument to remove. The latches are located at
opposite corners; one at the bottom corner nearest the
rear, the other at the top corner nearest the front, of the
instrument.

j. Perform parts j through | of Step 4 to access the
inside of the instrument.

k. Disconnect the crt connector from the back of the

crt.

. Rotate the two biack retaining - latches (near the
front- and rear-left corners of the High Voltage Power Sup-
ply board) 1/4 turn counterclockwise to unlock them.

m. While holding its nut {(located between the crt shield
and the adjacent Main chassis) stationary, remove the -
mounting post (near the center of the board) securing the
High Voltage Power Supply board to the Main chassis.

n. Lift the left edge of the board up to clear the retain-
ing latches. Pull the board to the left, until its right edge
clears the two channel notches, to complete the removal.

Reverse parts a through n to install the High Voltage
Power Supply board. Take care to fit the left edge of the
hoard to the channel notches when reinstalling the board.

8. Low Voltage Power Supply Assembly Removal

a. Perform Step 1 to remove the cabinet from the
instrument. .

b. Disconnect the ribbon cable connector at J113 of
the Main board to access the mounting screw at the
center of the Side board. Remove that screw.

g. Disconnect the cable connectors from J172 and
J173, located at the front edge of the board, and from
J162 and J176, located the rear edge of the board.

c. Remove the mounting screw at the center of the
Side board. Note that for instruments with Option 05
installed, it Is necessary to disconnect the ribbon cable
connector at J113 of the Main board to access the mount-
ing screw.
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d. Disconnect the ribbon cable connector at J148 of
the Timebase/Display board.

e:--Perform parts | through | of Step 4 to access the
inside of the instrument. ‘ _

f. Dis.cohne'ct_ the - ribbon cable connectors at J102
(right front corner of the Low Voltage Power Supply Sup-
ply board) and J166 (ieft front corner of the same board).

g.' Disconnect the flex cable connector from .J207 at
the left front corner of the Processor board.

... h._.Remove. the- six-serews and two extension posts
securing the Low Voltage Power Supply cover (hereafter
referred to as 'the cover) to the Low Voltage Power
Supply brackst.

i. Remove the screw éecuriﬁg the cover to the: Center
chassis.

j- Remove the two screws securing the cover to the
Rear chassis. One screw is located immediately below the
GPIB Connector, the other immediately below the
PLOTTER X QUTPUT BNC.

k. Lift the cover off the Low . Voltage Power Supply
bracket to remove, '

l. Disconnect the four cabie connectors: from P30, P60,
P70, and P80 (located near, the rear of the Low Voltage
Power Suppiy board). Note the color coding of the cables
to guide in reconnection of same.

“m.” Using & 7/32 inch nutdriver, rotate the iwo black
retaining latches (near the left and right front corners of
the Low Voltage Power Supply board) 1/4 turn counter-
clockwise to unlock them. Repeat for the two latches
located near the middle of the right and left edges of the
board. ‘ '

n. Remove the mounting screw securing the Low Voli-
age Power ‘Supply assembly to the Main chassis. The
screw is located near the right-front carner of the board.

o. Carefully route the disconnected cables away from
- the top side of the Low Voltage Power Supply assembly.
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p. Grasp the front of the Low Voltage Power Supply
bracket and [ift .up until the Low Voitage Power. Supply
board s clear of the retaining latches uniocked in: part m. -

q. Pull the board- towards the front of the Instrument
(until its rear edge clears the two channel notches) while
lifting upwards to complete the removat of the assembly.

Reverse parts a through q to assemble the Low

~ Voltage- Power Supply assembly and secure it to the
_instrument. Take care to fit theé board to the channel

notches when reinstalling the board.

9. Cathode Ray Tube Removal

Use care when handling a crt. Breakage of the crt
may cause high-velocity scattering of glass frag-
ments (implosion). Protective clothing and safety
glasses (preferably a full-face shield) should be worn.
Avoid striking the crt on any object which may cause
it to crack or implode. When storing a crt, place it in
a protective carton of set It face down on a smooth
surface in a protected location. When stored face
down, it should be placed on a soft, nonabrasive .
surface to prevent the crt face plate from being
scratched,

a. Perform Step 1 to remove the cabinet from the
instrument,

b. Perform parts ¢ through i of Step 4 to remove the
trim band from the instrument.

¢. Remove the implosion shield from the crt facepiate.

The crt anode lead may retain a high-voltage charge
after the instrument is powered off To avoid elec-
trical shock, ground the crt anode lead to the metal
chassis affer disconnecting thé plug. Reconnect and
disconnect the anode-load - plug several limes,
grounding the anode lead to chassis ground each
time it is disconnected to fully dissipate the charge.

d. Remove the anode lead from the retaining hook that
sectres it to the Main chassis.



e. Disconnect the crt ancde lead (male end) from the
high-voltage module lead. Discharge the crt anode lead by
grounding its tip to the metal chassis.

f. Disconnect the cable from J172 at the right-front
corner of the High Voltage Power Supply board.

g. Perform parts  through | of Step 4 to access the
inside of the instrument.

h. Disconnect the crt connector from the back of the
crt. i

i. Disconnect the single cable from the crt {accessed
through a hole in the top of the crt shield). = '

|- Disconnect the ribbon cable at .J148 of the
Timebase/Display board.

k. Disconnect the fiex cable at J104 of the Main board.
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|, Remove the eight screws (two at each corner) secur-
ing the crt frame to the Front casting.

m. Remove the crt frame from the Front casting. Guide
the flex cable disconnected in part k through its slot in the
Front casting while removing the crt frame.

n. Grasp the face of the crt and pull it forward, while
guiding the crt anode lead and the other cable (discon-
nected in part f) through their holes in the crt shield. It may
be necessary to reposition the ribbon cable (disconnected
in part j) as the removal of the crt is compieted.

... Reverse parts a through n to install the crt. When
‘installing the ¢rf frame (rémovéd in part m) to the casting,
refer to Figure 6-3 for'the method of instaliation.

. 10. Menu Switch Removal

a. Perform Step 1 to remove the cabinet from the
instrument. -

b. Disconnect the flex cable at J104 of the Main board.

(\ ’,./)
fswc) ® Ty )
’ f @r m);
po| —— = a3l
A, Instalil the four short screws at the J : S
. _locations indicated. E ‘ :
i E. Insert the four long screws in the :
' locations numbered 1 through 4. i : Co
. - o S L
‘C. Alternately tighien the screws, fol- P : :
lowing the numbered sequence illus- i
trated, until the face of the crt is just i
flush with the crl frame. i
‘ D. Using a torque sérewdriﬁer, alter- ;
nately tighten the screws to 7 to 9 i i
| inch/pounds. Again, follow the num- : é 2
i . bered sequence illustrated. P '@ O O 0O )|
i b T
| o
4917-20

S
'

Figure 6-3,

Installation sequence for installing the crt frame screws.
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. Perform parts ¢ through iof Step 4 to. remove the
trim band from the instrument.

d. Perform parts k through m of Step 9 to remove the
crt frame from the mstrument ‘

e. Carefully pull the adhesive-backed sw:tch from the
front of the crt frame.

'f. Pull the switch through the hole in the crt frame to
compiete the removal.

" Reverse parts a through e 1o'install the Menu switch to

- -the-crt-frame-and-the frame-te- the-instrument: Use-care-to -

align the switch to thé Iocating studs on the crt frame
when pressing the switch back on the frame.

11. Scale Illumination Board Removal
a. Perform parts a through e of Step 10.

b. Disconnect the Scale lumination board cable from
J106 (located near the front edge of the Main board).

c. Remove the Scale llumination board and the

attached light reflector while guiding the cable (discon-

.nected in.part b) through its hole in the Front casting.. .. .

d. Separate the Scale lllumination board from the light

reflector to complete the disagsembly.

Reverse parts a through d to install the Scale lllumina-
tion board fo thie instrument. :

12. Attenuator Removal Procedure

a. Perform Step 1 to remove the cabinet from the
instrument.

b, Perform parts b through s of Step 4 to access the
‘Inside of the instrument. Skip parts n, p, and q. When par-
forming part r of Step 4, route the cable disconnected in

- part o.
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¢ Insert the tip of a short screwdiiver tfrough the
farge slot in the front” casting (above and right of the asso-
ciated input BNC connactor). Remove the screw securing
the front of the Attenuator to the Main board.

d. Insert the tip of a screwdriver through the hole iri
the Low Voltage Power Supply board that is directly above
the Attenuator to be removed. Remove the screw securing
the rear of the Attenuator to the Main Board.

“e. Rotate the Timebase/Display board to its mounting

. position and temporarily secure it by rotating the two black

retaining lugs 1/2 turn clockwise to lock them. The two
retaining latches are located near the left-front and left-
rear corners of the Timebase/Display board.

f. Remove the two ,ébrews securing the rear Attenuator
shield to the heatsink: Remove the small shield.

g. Unsolder the two Attenuator output leads from the
variable-capacitor lead and the resistor-capacitor pair lead
exposed in part f.

h. Unplug the multipin connector from the Main board
{at P147 for the CH 1 and P146 for the CH 2 Attenuator).

f. Remove the two screws {one is immediately lower

left and the other upper right of the associated input BNG ~

connector) securing the Attenuators to the front casting.

j- Remove the two screws securing the small bar to
the bottom of the front casting. - :

k. Grasp the front end of the Attenuator assembly by
its BNC connector and the rear end by the rear edge of

‘the Attenuator shield. -

l. Gently lift the Attenuator straight up from the Main
board unti the Attenuator pins clear their Main board

plugs underneath the Attenuator assembly. Lift the rear of

the Attenuator assembily up and towards the rear of the

instrument until the Attenuator clears the braided shisld

cable mounted in the front casting.

Reverse parts b through | to reinstall the Attenuator.
When performing part b, reverse parts b through s of Step
4 to reinstall the front panel and secure - the
Timebase/Display board and Front Panel assembly to the
instrument.

e



| INTRODUCTION

This subsection describes function and operation of the
internal diagnostics and calibration routines. Where calibra-
tion routines make use of internal diagnostics, the interac-
| . tion is explained. Status and other messages resulting
‘ from running the diagnestics or calibration routines are
also detailed, and special conditions, such as the impact of
power loss while certain diagnostic or calibration routines
are running, are discussed.

In addition to the diagnostics and calibration routines,
the Special Diagnostic menu and the features it accesses
are also covered, including how they relate to the internal
diagnostic routines. Information on how to run the diag-
nostics from the GPIB interface is included, followed by a
table of Diagnostic/Troubleshooting procedures for
this instrument.

b _ OVERVIEW

This instrument supports two types of internal diagnos-
tic tests and calibration routines. Self Calibration (SELF
CAL) and Extended Calibration (EXT CAL) calibrate the
analog subsystems of the scope to meet specified perfor-
mance requirements. Any detected faulis in the control
system and/or in the self-calibrating hardware result in a
“FAIL" message that labels the failed calibration type
(SELF or EXT). Both SELF dnd EXT CAL make use of
some of the diagnostic routines that comprise the
! Extended Diagnostics.

Self Diagnostics (SELF DIAG) and Extended Diagnos-
tics (EXT DIAG) are the two types of diagnostic routines
used to detect and isolate system operation faults in this

" instrument. The tests are based on a multi-level scheme.
First the highest systermn level, the kernel, is tested, and
then lower-level subsystems are progressively tested.
Each lower-level subsystem tested follows a higher-level
system that tested good. When the SELF DIAG detect a

’—systemﬁaultﬂhey -isolate -the-fault-to-one--of-the-upper

level subsystems immediately above the kernel. EXT

DIAG can then be used to isolate the faflure to lower-lgvel

subsystems and to test those subsystems, down to the
lowest possible level.
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'DIAGNOSTICS AND INTERNAL CALIBRATION ROUTINES

In addition to the calibration and diaghostic routines
just mentioned, there are the “Special” diagnostic features,
useful for instrument troubleshooting, and Service Rou-

- tines which are usually used with the Extended Diagnos-
" ties to isolate instrument failures.

CALIBRATION ROUTINES

SELF CAL

When the system runs the Self-Calibration routine, it
generates test voitages to the Peak Detectors via the Cal
Amplifier and DAC system. These voltage are used 1o set
the gains, offsets andfor centering, and balance of the
CCD Samplers, Peak Detectors, and Preamplifiers. The
system uses iterative calculations to modify these voltages
until converged solutions are reached; these converged
solutions become the calibration constants 'stored in
NVRAM  (nonvolatie RAM} and are used fo

maintain calibration.

When SELF CAL is run, there is some interaction
between the calibration routines for the different analog
gircuits calibrated. This interaction is minimized by using
calibration constants obtained from the last SELF CAL run
as starting vafues for calculating the new calibration con-
stants when a new SELF CAL is run. If you are running a
SELF CAL after a “COLD START" {see “SPECIAL Rou-
fines” in this section), the previous calibration constants
are discarded; therefore, the SELF CAL tests are done
twice to assure a converged solution. (The time required to
perform the SELF CAL procedure from a COLD START is,
therefore, obviously longer than the normal SELF CAL.)

SELF CAL can be run from the front panel using the
EXTENDED FUNCTIONS menu or by the GPIB routines
for automatically calibrating the intermal analog systems. -
SELF CAL routines take about 10 seconds and calibrate
most of the analog system. A SELF CAL may be per-
formed by the user at any time (scope should be warmed
up). Recommended times are when the ambient operating

last SELF CAL was run (see Level 7000-9000 Tests under
“Diagnostic Test and Calibration Failures™) and before a
measurement is made which requires the highest possible
level of accuracy.
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temperature changes by a significant_amount since the
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EXT CAL

Extended Calibration is an interactive procedure requir-
ing a Calibration Generator that produces accurate dc volt-
ages and a fast-rise pulse. The dc voltages are used to
verify the internal 10-V Calibration Reference and to adjust
the gain. of the Vertical system: Preamplifiers and the gain
and offset of the Trigger circuitry. The fast-rise. pulse is

used to determine a calibration constant that nulls the
delay between channgls. . C

The ADJUSTS routines generate test waveforms or
voltage levels to be used in setting the gains for the CCD
output ampiifiers and the vertical and horizontal gain and
offset for the CRT drive signal. Additional adjustments
optimize the CRT display,; including edge focus, geometry,
CRT bias, etc. Since no two CRTs are exactly alike, these
tests miust be user-interactive.

The REPETitive calibration sets the slope of two inter-
nal timing ramps .in the feedback system that locates
points of repetitively-acquired data. REPETItive calibration
is a coarse adjustment and should only be run after a
COLD START. During instrument -operation, a continuous
fine adjustment maintains the calibration.

Other manual adjustments are: the CCD clocks; the
CH 1 and CH 2 input capacitance; the 100-MHz bandwidth
limit; the transient response; and (when the Video Option
is installed) the 20-MHz bandwidth limit.

Extended Calibration via the GPIB makes it possible to
calibrate any-individual subsystem listed in the 7000-9000
levels of the Extended Diagnostics menu. This list inciudes
" all-the subsystems: normaily . calibrated caliectively- during
during SELF CAL, as well as those adjusted in the various

EXT CAL. procedures when they are accessed from the

front panel.

Calibration Operation

The steps and equipment needed to completely cali-

_ brate this instrument are found in Section 5, “Adjustments

Procedure™. Further information is found at the beg:nnlng
of this section under “Instrument Calibration”.

CAL/DIAG menu. All calibration routines are accessed
by selecting CAL/DIAG from the EXTENDED FUNCTION
menu (they can also be run via the GPIB), The EXTENDED
FUNCTIONS menu is selected by the MENU/EXTENDED
FUNCTIONS button when no other menus are displayed.

Pressing the bezel button under the CAUD[AG menu fabel

produces the following menu display:
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<status>  <status> <status> <warm-up-msg>
SELF EXT SELF EXT
CAL CAL DIAG DIAG

Fushing SELF CAL.runs the previously described rou-
tine that calibrates this scope’s analog subsystems. If the
SELF CAL is successful, the PASS status is displayed
above the SELF CAL button label in the CAL/DIAG menu.
Failing SELF CAL causes thé scope to enter the EXT
DIAG menu (see Figure 6-5) If the CAL/DIAG menu is
recalled, the FAIL status is displayed.

Pushing EXT CAL displays the EXT CAL menu:

<status> < Status=> <status> <status>'

. L .CTE
ATTEN - TRIGGER REPET ~ CAL ADJUSTS
Selecting A‘l"r'EN produces: yet another menu:
<status> <status> _
ATTEN CHAN 1
GAIN DLY

Pushing ATTEN GAIN, CHAN DLY, TRIGGER, REPET,
CTE CAL, or ADJUSTS begins execution of the
corresponding semi-automatic calibration routine. Comple-
tion of the ATTEN GAIN and [TRIGGER -calibrations

~ requires the input of correct dc voitages, while the CHAN
‘DLY and CTE calibration requires a fast-rise puise.

EXT CAL routines can be aborted &t any time by press-
ing the MENU OFF/EXTENDED FUNCTIONS button, but
once a calibration routine. (except ADJUSTS) has been
started, it must be successfully completed or the status
will be FAIL.

- NOTE

Extended Calibration is considered a service

“function; therefors, the EXT CAL menus are nor-
mally disabled to make them unusable by the scope
Cperator. The cabinet must be removed and Jumper
J156 must be removed (diagram 13) fo enable the
menus., Disabling is done to prevent accidental loss
of calibration by scope operators.

‘The <STATUS> message above the CAL labels indi-
cates the results of the last test run for the calibration
type above which it appears in the CAL/DIAG menu. When



a failure occurs, <STATUS> is not immediately updated,
rather, a new test must be run to determine current
status: :

a. During SELF GAL, some tests under levels
7000-8000 of the Extended Diagnostics are run.
If any of these sublevel tests fails, the scope
enters the EXT DIAG menu and indicates the
tevel failed. Furthermore, the status label for
SELF CAL in the CAL/DIAG menu is updated.

b. For internal component failures that would cause
EXT CAL to fail, the status is updated when EXT
CAL is run, either from the front panel or GPIB,
or upon instrument power on.

For calibration, <status> can be:

Instrument has not heen calibrated.

UNCALD:

FAIL: Hardware errors were detected during
calibration (calibration may not be valid).

PASS: The instrument was successfully calibrated.

. <warm-up-msg>. The actual message displayed is

the warning “NOT WARMED UP*. This message Is
displayed for approximately ten minutes after power-on to
warn that calibration of the instrument during this. period is
not recommended.

The ‘NOT WARMED UP" message is displayed after
every power-on, even if the scope is turned off and then
right back on. In this case, calibration may be performed
one minute after completion of the power-on routine.

NOTE

Running an EXT CAL for ATTEN and/or TRIG cali-
bration without inputting the correct DC voltage
levels causes the “FAIL" message to appear above
the ATTEN and/or TRIG menu labels but does NOT
change the ATTEN and/or TRIGGER calibration. See
the LEVEL 7000-8000 test information under
“Diagnostic Test and Calibration Failures” for the
test levels that run when EXT CAL is executed.

S
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(EXT DIAG). Both types can be executed from scope
menus. The Self Diagnostics, as well as those subtests
below the 7000-9000 level that run when EXT CAL is exe-
cuted, are a subset of the Extended Diagnostics.

EXT DIAG

The Extended Diagnostics include all of the automatic
test routines internal to the scope. Although the EXT DIAG
are run when SELF DIAG runs, the individual tests can be
performed at several levels from the EXT DIAG menu and

its submenus (see “Operation” below).

EXT DIAG. The Extended Diagnostics are set up in a
multi-level structure, the hierarchy of which is:

Top Level of the Extended
Diagnostics. When run, the Self
Diagnostics are done (ses “Self
Diagnostics” in this section).

0000

1000-2000 Second level (first level under top

- level). When any of these nine
levels run, all subleve! tests below
the running second leve! are
done. All eight of these second
level tests {and their sublevel
tests) run when level 0000 is
executed (executing level 0000

runs the Self Diagnostics).

Third Level, where x is the most
significant digit of the second
level test the third level is under.
When-run, any sublevel tests are
also run.

x100-x800

Fourth Level, where x indicates
the second level and y the third
level test the fourth level is under.

xy10-xy@0

CAPABILITY OF EXT DIAG. The hierarchical structure
just detailed allows selective testing and fault
isolationflocation of instrument subsystéms from the
highest to the lowest levels. The second levels are those
subsystems immediately below the kernel and ievels three
and four are progressively lower subsystems of those

DIAGNOSTIC ROUTINES

The two main types of internal diagnostic routines are
Self Diagnostics (SELF DIAG) and Extended Diagnostics

sub-kernel systems. Status (FAIL, PASS, or blank fornot

tested) appears at the top and second levels in the EXT
DIAG menu if Self-Diagnostics are run; lower levels must
be selected and run to determine individual status of lower
subsystems.
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Any individual test selected can be made to !oop to
isolate  signal path prablems with external test -and
measureimnant equipment, once the area of fallure has been
determined by the automatic {ests.

Any of the Extended Diagnostics tests may be
accessed either individually_or.in selected groups using the
EXT DIAG control menu. The tests use internal feedback
and the digitizing capabilities of the instrument to minimize
the need for applying external signals or for using external
test equipment to troubleshoot. Testing of a failed area
down to the lowest functional level possible (in some
cases 'to the failed component) provides direction for
further troubleshooting with service routines- andfor. con-

ventional methods. Troubleshooting a failure may be based .

on assumptions made possible by running selected tests
to verify good circuit blocks, thereby ehmlnatlng those

~ blocks from considerationas a failed drea.

SECOND : LEVEL TEST DESCRIPTIONS. When the
second-level (1000-8000) test is run, the following systems
are tested:

Test 1000 System ROM is checked to
- ~ validate memory operation.

Test 2000 * Read/Write and Addressing tests

= " are performed on registers.

Test 3000 System RAM is checked for
write-read capability to all
addresses.

Test 4000 "Front 'Balﬁel processor is checked.

Test 5000 Waveform processor is checked.
Chiacksums of NVRAMS are

Test 6000

. done to validate the stored
calibration constants and
waveform data.

Calibrated analog circuits are
tested to see if they will pass
with the present calibration
constants

Test 7000-9000

It is lmportant to realize that, although status' of the
tests is indicated at the sublevels immediately below the
kernel (1000, 2000, etc.), the tests are also run at any
lower levels (3rd, 4th, etc.) in order to check out the indi-
cated circuits. The only exceptions are as follows:
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1. Levels 3700 and 3800 may only be executed
from EXT DIAG and then only if internal jumper
J156 is removed.

" 2. CKSUM- NVRAM tests at level 6000 are only
executed at pawer-on. When selected from EXT
DIAG, only the flag status is changed.

3. The ATTENUATOR test at the 8700 level, the
.EXT TRIG OFFSET and GAIN tests (5114-17,
9124.-27, 9213-16, 9223-26) and the REPET test
(9300) are not run when Self Dlagnost:cs are
‘run.- Neither are these tests run from the EXT
DIAG menu. These tests are run when EXT CAL
iIs run  for ~ ATTEN, ' TRIG, . andfor
REPET respectively.

SELF DIAG

The Self-Diagnostic routirie runs the 1000-8000 level
tests from the Extended Diagnostics. As mentioned, these
diagnostic routines test the function of “all subsystems
immediately below the kerriel level {the kerne! being the
“highest” level) and. the lower-level systems below each
subsystem. The tests of subsystems immediately below
the kernel are shown as levels 1000-2000 when the EXT
DIAG menu is displayed (see Figure 6-5). See the descrip-
tions under “Second:-Level Tests” for details on the
circuits tested. . :

BINARY CODE FOR FAILED TESTS. In most cases,
the EXT DIAG menu is the major tool in determining
causes of.internal -failures. Inithe: case-of -a- failure- that
keeps the scope from displaying its EXT DIAG menu, the
TRIGGER LEDs flash- a binary code that mdlcates the
FIRST test that failed: %

As Self-Diagnostic tests run, the Trigger LEDs fiash
indicating that the self tests are being run..In a normal
sequence with no failures, the tests run quuckly, and the
length of time that. an LED is. lighted is short. If a failure
occurs, the Trigger LEDs flash a binary code of the FIRST
falled test {see Figure 6-4 for the binary codes of the
LEDs). This failure display is important, since it can be the
only troubleshooting clue. avaliable if the scope cannot
display the extended diagnostics menu.

For-example, if test 2130 should fail, the foliowing
sequence of LED flashes occur to indicate the failed test
number:

1. All the LEDs are it at the start of Self Dlagnostlc
routine to verify they can be turned on, -
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Figure 6-4. Trigger LED binary coding for diagnosiic tests.

2. The LED's flash, indicating that tests are being run.

3, When the test failure occurs, all the Trigger LEDs are
lighted and held on momentarily, indicating a failure has
been found.

4. For the first number of the failed test, the READY
LED turns on for a binary 2 (the failed test is in the 2000

" level); all the LEDs are then turned on to delimit the first

digit of the failed test from the second digit to follow.

5. The second number of the test number (one} is
shown by turning on the TRIG'D LED for the binary code
for 1, then all the LEDs are again turned on as the code
digit delimiter.

6. The third number of the failed test (three) is shown

by tuming on both the TRIG'D and the READY LEDs.

Their binary values are summed (1 + 2} to obtain the third
number of the failed test (three), and ali the LEDs are
again lit to separate the digits.

7. The fourth and final number of the failed test is 0,
and all the LEDs light to identify the end of the failed
test code.

8. After flashing out the coded number of the first failed
test, the diagnostics continue on with the remaining tests,

if they can be run. Any additional fajlures found will NOT
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again. If a failure prevents display of the EXT DIAG menu,
you must turn off the scope and turn it back on again to
rerun the tests. It takes a little practice to read the failure
codes from the LEDs.

if it can, the scope displays the Extended Diagnostics
menu if a failure is found (or if the Self Diagnostics were
run from that menu). The display of test selections in the
Extended Diagnostics menu is a hierarchically structured
set of tests in lists contaihing the test numbers, test
names, and last status of the test results. If the test has
not been run since the last COLD START, no status will -
be displayed. If an upper level test in the set (such as
REG) is run, all tests in the REG test hierarchy will be
done and labeled with a PASS or FAIL status. Menu
operation is covered in “Diagnostics Operation™.

Diagnostics Operation

Diagnostics are runnable from the front-panel or via the
GPIB. The Self-Diagnostics are also executed when the
instrument is powered up. For both the Self and Extended
Diagnostics, front-panel access is from the same
CAL/DIAG menu used to access the calibration features:

<status>

<status> = <status>  <warm-up>
SELF EXT SELF - EXT
CAL CAL DIAG DIAG

Pushing SELF DIAG or powering up the scope causes
the Self Diagnostics to run. These routines take about 30
seconds. First the TRIGGER status LED's flash as previ-
ously described. Then, if all tests are passed, the scope
displays the main EXT DIAG menu if SELF DIAG was run
from that menu, or returns to scope mode at power-down
if SELF DIAG was run due to power-on. If passed when
run from the CAL/DIAG menu, the scope returns to that
menu and indicates the PASS status above the SELF
DIAG button label. Failure of a test always returns the
EXT DIAG menu regardless of what caused the SELF
DIAG to run. The EXT DIAG menu is exited by pressing
the MENU OFF/EXTENDED FUNCTIONS  front-
panel button.

DIAGNOSTIC MENUS. Since the diagnostics routines
are layered into a multi-level, hierarchical structure, - the

- diagnostic menus are also layered this way. In each menu,

there is one higher level test displayed, along with several

TN

R
¢

be flashed on the Trigger LEDs.

* If you miss the code the first time (as Is usual unless
you are expecting a failure), Self Diagnostics must be run

equal sublevels. The menus are used to either run the
higher (top) level test or to select a menu for one of the
sublevels displayed. The select sublevel test can then be
run as the top level of the submenu selected. Examination
of the EXT DIAG menu should iflustrate the structure:
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Pushing EXT DIAG displays the main Extend Diagnos-
tics menu (see Figure 6-5). In this menu, the top lavel test
is listed as - “EXTENDED: DIAGNOSTICS™ and its level
number is “0000". The status at the time the test was last

run is also indicated on the display line. All the other tests

listed are one level beiow this level (1000-9000) and are
indentéd to indicate their subordinance. The bottom three
lifes appear in this maif menu and all submenus for use in
selecting and running tests.

UP/DOWN ARROWS. The up-arrow and down-arrow
buttons move an underscorg pointer through the displayed
list of diagnostic tests. Moving the pointer to a diagnostic
below the top-level test line and then pressing the
RUN/SEL button selects a submenu of tests available at
the next level down with that diagnostic. Moving the

.. pointer up above the top-level.test line returns.to.the .next ...

level of hierarchy in the menu {if not in the main diagnostic

menu; at the top—test 0000)—of the main menu, pressing -

the up-arrow button refurns the CAL/DIAG menu).

A press of RUN/SEL with the pointer at the top line
{top level) causes all the tests at and below that diagnostic
level ta be run. An individual test can be selected by using
the arrow keys to move the pointer to the desired test,
then pressing the RUN/SEL button twice (once to select it,
and once to run it). The cumulative result of any test run
will be displayed on test completion at the right of the title
line. This will be either PASS, FAIL, or blank if an attempt
was made to run a non-automatic test.

<> TEK, INN‘c 193»&5 % Llnm 5 FII%‘EEHVED
DATE AND FIAMWARE VERSION NUMBERS
‘j:mgg"‘EXTEmED—- IAJJNOSTICS"“
| 4000 | SYB-ROM I RASS
2000 BER T 0ASS
. 3400 SYBE-RAM . ‘ HASS
0.0:': ::F.‘.Dj:::; :?.::-r"'zr:: HHFHHHHHH-EARR
| 500C - I HAS
6300 CK SUM-NVRAM»® HASS
- 7000 cco T RASS
8000 | PA s AASS
J.. 3000 | TREGS | I . DALL
AUN ONCE ::‘MEJU_OFF TO EXIT
K ] RUNASEL'[ MODE | HALT
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Figure 6-5. Main EXT DIAG Menu.
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NOTE

A diagnostics name in the Extended Diagnostics
menu followed by an asterisk is not testable. The
asterisk indicates either that the. test is run only dur-
ing an EXT CAL or run af power-on. SELF DIAG
only. The PASS/FAIL stalus is the result of the last
EXT CAL or the last power-on check. A FAIL label
on an asterisked test Is accompanied by the “RUN
SELF CAL THEN RUN EXT CAL" diagnostic mes-
sage above the bezel button labels. An UNCALD
label also appears above the lncélibrated selection
of the EXT CAL selection in the CAL DIAG menu,

MODE. The MODE button rolis ‘through four mode
choices for running the selected test. The choices are RUN
ONCE, RUN CONTINUQUS, RUN UNTIL FAIL, and RUN
UNTILPASS. " If"RUNCONTINUQOUS s~ chésén before:
starting the selected test, it will be continually executed
until the HALT button is pressed.

NOTE

If one of the continuous MODES is chosen, pressing
the HALT buttorr will stop the test as scon as it
completes AS LONG AS THE HALT LABEL IS
SOLIDLY DISPLAYED above the bution. If level
4000 is run, the display will be flashing and the
HALT button is ignored (instrument must be
powered downi, and then up, to stop exscution).

RUN UNTIL PASS and RUN UNTIL FAIL modes may

 also be stopped using the HALT button. In addition, all

tests (except a looping Front-Panel wP test} can be

-aborted with .the MENU. OFF/EXTENDED . FUNCTIONS

button.” If an asterisked test (not presently testable) is

-selected, the mode -switches -to RUN ONCE and RUN

ONCE, and the test does not run:

HALT—Pressing HALT causes ali diagnostic test
activity to stop at the finish of the current test in progress.
It Is especially used ‘to- halt a test running in a
continuous mode.

Remember that, when using any. Exterded Diagnostic
menus, the top (default) level test in the menu is the only
one that can be run from the menu displayed. For exam-
ple, moving the pointer to underline “3000 SYS RAM" in
the main menu and pressing RUN/SEL selects (displays)
the System RAM submenu with 3000 SYS RAM under-
ined and at the top level. Pressing RUN/SEL runs the
3000 level test. Moving to, say, “3500 A11U440" (a sub-



level in the displayed menu) and pressing RUN/SEL
selects another lower-level submenu where the 3500 level
test is the top level, This process can be continued unti]
the lowest levels are reached.

STATUS. The status for the test at the time the last
test is run appears nexi to the test names. For diagnostics
<status> can be:

(blank} test has not been executed.
FAIL test failed on last attempt.
PASS test passed on last attempt.

The <status> appearing on the test lines requires
some interpretation. If <<status> is for the top-level test
(see above) for ANY EXT DIAG menu, PASS means ALL
the sublevel tests THAT RUN when the top level is run
passed; FAIL means at least ONE of the sublevel tests
THAT RUN failed. If the operator has entered an EXT
DIAG menu and not yet run the top level test, the status is
blank.

For any sublevel test displayed below the top level in a
menu, STATUS is FAIL if any test in the submenus below
that test was failed the last time it was run, whether or not
it normally runs when the test in question runs (it is PASS
if all are passed). In the case of a falled EXT CAL test, the
upper-level tests which the failed test ran under will have
FAIL status in the menus in which they appear as sublevel
tests.

To illustiate the difference in
described, if the ATTENUATOR test, level 8700, failed- at
the last time the EXT CAL was run, SELF DIAG {level
0000} will pass if run because SELF and EXT DIAG do not
run EXT CAL tests. However, level 8000 in the EXT DIAG
menu will have FAIL status, since one of the submenus
under level BO0OD has FAIL status. If level 8000 is under-
lined and RUN/SEL used to select and then run the level
BOOO test, it will pass, again because the 8700 EXT CAL
test is not run.

___To summarize, the top level status applies to all the

interpretation  just -
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NOTE

The status for subleve! tests in the EXT DIAG
menus can also be blank. Blank status indicates that
the results of the tests below the sublevels is unk-
nown, such as when a COLD START has
been performed.

Diagnostic Test and Calibration Failures

Failures of the diagnostic tests run as a result of exe-
cuting Extended or Self Diagnestics, as well as those run
due to performance of SELF or EXT CAL, are now dis-
cussed. Some tests are run only under special cir-
cumstances (such as only as the result of running an
Extended Calibration or when an internal jumper is
removed). The circumstances are described as the indivi-
dual levels are discussed.

LEVELS 1000-5000. Tests in the 1000-5000 levels are
hardware tests that run when Self Diagnostics or
Extended Diagnostics are run. If the instrument fails a
1000-5000 level test, the instrument displays the message
‘HARDWARE PROBLEM-SEE SERVICE MANUAL" in the

" Extended Diagnostics menu. The second level test that

failed will be indicated by the FAIL status on the test line.
This message remains displayed unti POWER-ON Seif
Diagnostics pass. Running and passing the failed test,
either from the Extended Diagnostic menu or via running
Self-Diagnostics from the CAL/DIAG menu, does not
remove the message. Hardware failures should be referred
to qualified service personnel.

Test levels 3700 and 3B00 test the RAM devices that
store the internal calibration constants. Loss of power
while these tests run can result in the loss of these con-
stants. To prevent such loss, this instrument will enly run
those tests if an internal jumper, J156 (see Diagram 18), is
removed befare the tests are run. Run these tests only if
necessary; this would normally be if a 6000 NVRAM
failure has occurred and testing of device functionality is
desired. In the event calibration constants are lost, SELF
CAL and any calibrations labeled “FAIL" or “UNCAL" must
be performed.

LEVEL 6000 Tests. The LEVEL 8000 diagnostics test
the calibration constants, last front-pane! setup, waveform,
and Sequencer data stored in NVRAM. These tests are

‘tests that run under it, if the top level is run, or is blank if
not run. Status on a sublevel test in menus applies to all
tests in the submenus that fall under that sublevel test in
the menu hierarchy, whether actually accessing and run-
ning the sublevel test would run those tests or not.

only run as Self Diagnostics at power on. Failure of a
6000 subset diagnostic test indicates a checksum failure
of the stored data in the nonvolatie RAM. If test 6100
falls, tests 6200, 6300, and 6400 in the subset are
not done.
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The causes of a failure in the 6100-6300 bracket may
be non-fatal to continued instrument operation, and normal
. (or near-normal) operation may be recovered .by the user
(also see “COLD START" under "SPECIAL Diagnostlcs in
this section): .

a. LEVEL 6100. If the calibration constants are lost, this
test will fail and the instrument will do a “Cold Start". The
Extended Diagnostic menu will be entered and the mes-
sage “RUN SELF GAL THEN RUN EXT CAL" will be
displayed in that menu. Service personnel should perform
the self calibration routine, plus the ATTEN, TRIGGER,
and REPET Extended Calibrations. Unexplained loss of
calibration - constants indicates *©  need for
corrective maintenance, C '

""" I EVEL 6200“[63’5"’6f the ™ stored power-off ot

panel settings (failure of FP-LAST test 6200) causes the
scope to do an INIT PANEL on power-up (see Table 6-7

“for the INIT settings). Recovery of normal operation is
done by pressing MENU QFF/EXTENDED FUNCTIONS to
. exit EXTENDED DIAGNOSTICS and resetting the front-
paneél controls to the réquired settings for the measure-
ment fo be made. The “FAIL" condition for test 6200 will
be reset to PASS and the scope will not enter EXTENDED
DIAGNOSTICS on ‘the next power-up if permanent failure
of the memory has not occurred.

¢. LEVEL 6300-6400. Checksum failures of these levels
indicate that waveform data and/for scaling information, or
front-panel setups stored as sequences, are invalid. This
may have occurred due to a memory fallure or battery
backup failure, or due to loss of power during the time the

information-was- stored:-Scope may be usable; recovery of

operation is as for level 6200, above. The “FAIL" condition
for test 8200 will be reset to PASS and the scope will not
enter EXTENDED DIAGNOSTICS on the next power-up If
permanent failyre of the memory has not occurred.

LEVEL _7000-9000 Tests. Test fallures at this level can
be due to hardware or other causes:

a. A FAIL status (or PASS, for that matter) of the
ATTENUATOR test (8700 level)) the EXT TRIG
OFFSET(9114-17 and 9124-27 levels) andfor GAIN tests
(9213-16 and 9223-26 levels), and/or the REPET test
(9300 level) are the result of the test{s) run at the time an
Extended Calibration of the affected area(s) was last per-
formed. These tests are not run when Self Diagnostics are
run and are followed by an asterisk “*" after their test
name to indicate this. (Neither can these tests be run from
the EXT DIAG menu; however, since the FAIL status at

the second level (8000 and/or 9000) might or might not be
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the result of the sublevel Extended- Calibration test, the
EXT DIAG can be used to determlne if it was an EXT CAL
test that failed.) :

Although these tests are not run at the Self-Diagnostic
level, a failed status will result in the instrument displaying
the Extended D|agnost|cs menu when the Self Diagnostics
are run at power-on (Self:Diagnostics can PASS, however,
since these tests are NOT actually run). The message
“RUN SELF CAL THEN RUN EXT CAL" will be displayed
in the menu. The message can only be removed by run-
ning the Extended Calibration for the failed test {either
ATTEN, TRIG, or REPET). Extended Calibration is a ser-
vice function and should be referred to qualified service
personnel.

CNOTE

In the case of an invalid standard voftage being
applied during the ATTEN or TRIG Extended Calibra-
tions, this instriment doaes not change its calibration
and its accuracy is unchanged. The previously
described conditions for a failed extended calibration
are exhibited, however, and a valid Extended Cali-
bration is required to remove the message from the
Extended Calibration menu.

b. The remaining tests that run below the 7000-9000
level are executed when either a SELF CAL is performed
or Self or Extended ‘Diagnostics are run. {(When run due to
a SELF CAL, the system flags these appropriate tests as
failed if a converging solution cannot be found; when nn .
due to- performing Self or Extended dtagnostlcs the sys-
temn widens the limit values stored as calibration constants
and tests if converging sclutions could be found and a
SELF CAL passed if it was run.} Failure of these tests
causes the second level status to fall for the affected area
and, if Self Diagnostics was run because of power on, the
EXT DIAG menu is displayed indicating the failed status.
The Extended Diagnostics can then be used to determine
if the failed testis SELF CAL or EXT CAL related.

If the failure is not an EXT CAL related .test(s), a
hardware failure can stlll not be assumed unless SELF
CAL is performed and a failure occurs in the same test or
tests. Falflure may only indicate that calibration is inaccu--
rate for the current ambient temperature. This is because
the tests are run somewhat differently when they are run
as a result of running Self or Extended Diagnostics than
when they are run as a result of running a SELF CAL, as
was just mentioned.

When SELF CAL runs, the old values are modified and
new values are calculated for the calibration constants;
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these new values are stored and then used to run the
tests. One of the criteria for modifying these constants is
ambient temperature.

When the tests are run due to SELF or EXT DIAGNOS-
TICS, the old values are NOT modified. If the ambient tem-
perature has changed sufficiently to affect calibration, the
tests run may not be able to converge to the correct limits
{even though they are wider than those of SELF CAL).
This indicates that a SELF CAL should be done to move
the calibration constant values to the new ‘in-calibration”
limits to compensate for the present instrument conditions,
whereupon the SELF DIAG test should pass. Failure to
pass the SELF CAL procedure as outlined in Section 5 of
this manual indicates a probable hardware faflure and this
instrument should be referred to qualified service

_personnef, .. O S

NOTE

If power is lost while SELF CAL is running, the cali-
bration constants are invalidated. Normally, invalidat-
ing the constants causes the instrument fo do a
Cold Start to repiace the invalidated constanis with
nominal vaiues. If power inferruption during SELF
CAL causes the invalidation, however, the scope
locks itself into the EXT DIAG menus and can only
‘be exited by pressing the “up arrow” button. Press-
ing this button locks the scope info the CAL/DIAG
menu, where the user must execute a SELF CAL
before the menu can be exited. Running the SELF
CAL validates and preserves the
cafibration constants.

Special Diagnostics

The Special Diagnostic Features menu is accessed by

pressing the menu button labeled SPECIAL in the

EXTENDED FUNCTIONS. The features in this menu are -

normally disabled to prevent operators (non-service per-
sonnel) from operating them, and, if the SPECIAL menu
button is pressed, the message “DISABLED—SEE
MANUAL" is displayed. If J158 (located on the A13 board
and shown in diagram 13) is removed, "WARNING: SER-
VICE ONLY—SEE MANUAL" is displayed in the SPECIAL
menu and the menu is énabled to allow the features io be
used for servicing the scope.

COLD START. CCLD START . eliminates all the

previous calibration constants and restores themto known——

nominal values. A COLD START is especially useful for
removing scrambled data from the NVRAM and is needed
to permit a valid SELF CAL (and subsequent testing) to be

" performed if the data scrambled is the instrument's
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calibration constants. After a COLD START, a SELF CAL
and the ATTENuator, TRIGGER, and REPET EXT CAL
must be performed to return the instrument 1o its
previous state.

A COLD START can be initiated in three ways. One,
J156 can be removed and the SPECIAL Diagnhostics menu
can be used to COILLD START the scope as an aid in ser-
vicing it. Second, a COLD START is done upon power-up
if the Lithium battery that backs up the System NVRAM is
changed or fails, or if the NVRAM is relaced. Third, if the
internal calibration constants are corrupted, the instrument
fails test level 6100 and, the next time it's powered up and
the Self Diagnostics are run, a COLD START is per-
formed. (The only exception is when the instrument
detects that an interruption of power during SELF CAL
caused the constants to become corrupted—see NOTE -
under -LEVEL 7000-8000 Tests failures earlier-in- this sub-
section.) The latter two COLD STARTS described here
can occur whether J158 is installed or removed. -

After a COLD START, the instrument displays the EXT
DIAG menu, where the test level numbers, test names,
and last status of the test results is displayed. If the test
has not been run since the last *“COLD START,” no status
will be displayed. If an upper level test in the set (such as .

REG) is run, all tests in the REG test hierarchy wil be

done and labeled with a PASS or FAIL status. Menu
operation is covered in *Diagnostics Operation”.

FORCE DAC. Pressing this menu button accesses a
menu that lets service personnet vary selected adjustment
constants to aid in troubleshooting certain internal circuits.
It is especially useful for facilitating troubleshooting of the
digital-to-analog converter circuitry and all the output
sample-and-held circuits of the DAC System. The routines
in Table 6-6 indicate how this feature is used.

CAL PATH ON!OFF. When ON, the calibration signal
path to the Peak Detectors is closed. If large offset errors
have driven the display off-screen, switching CAL PATH
ON eliminates the Attenuators and Preamplifiers from the
input signal path and places the calibration reference level
on the display. If that brings the display back on screen,
the offset problem may be isolated to the Attenuators or
Preamplifiers; if not, then the problem may be in the Peak
Detectors or CCDs.

‘Service Routines

The Service Routines are menu, GPIB interface, or
jumper initiated routines for exercising the hardware, usu-
aly in a looping mede, that allow a service person to-
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troubleshoot an internal fault using external testing and
measuring equipment. Where possible, the Extended Diag-
nostics routines are used for looping to allow access to
them from both the front-pane! EXTENDED FUNCTIONS
menu and the GPIB interface.

. Jumper-initiated- tests. include. Kernel. Mode for the Sys-
tem wP arid the Waveform pP, Waveform uP Bus Control
Mode, Bus Isolate Mode, System pP Chip Select test,
Resets for the System P and the Waveform uP, a Front
Panel pP internal diagnostics test, and a Front Panel Multi-
plexer test. A description of these tests and how they are
used is included in Table 6-6, Extended Diagnostics.

Troubleshooting routines {written by a system progfam-:
mer) that systematically exercise - specific firmware or

**hardware™ functions™carm - b implementsd vis™ the " GPIB~

interface. This type of external testing provides a tool for
troubleshaoting the scope that may be changed as needed
by controlier programming.

Use of the Service Routines provide service personnel
with signals and procedures that enable fault isolation and
restoration of an. instrument to a functional level that-is
supported by the Extended Diagnostics and/or
other routines. '

DIAGNOSTICS OPERATION VIA
" THE GPIB.INTERFACE

-.Operation of the. GPIB interface.is described in the Pro-
' grammers Reference Guide supplied with this instrument.
This additional information deseribes use of the diagnostic
commands. Operation of any of the four Cal/Diagnostic
modes is selected by using the keywords SELFCal, EXT-
Cal, SELFDiag, or EXTDiag -as argumients with . the
TESTType command via a GPIB controller. The selected
TESTType will start when the EXEcute command is
received. See Appendix A of the Programmers. Reference
Guide for. the definition of the GPIB calibration and diag-
nastics commands.

SELF CAL

If TESTType SELFCal is selected, the Self Calibration
portion of the test sequence will run in its entirety when
the EXEcute command is received. A service request
(SRQ) will be issued when the sequence is finished if the
OPC mask is on. The status byte received by the con-
trofler will indicate If the test completed either with error or
with no error. See the Programmers Reference Guide for a
list of the status bytes.
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. If an error occurs during SELFCal, it is reported to the
controller when the ERRor? query is issued to the instru-
ment. ERRor? returns a string of error numbers (up to
nine) resulting from the last EXEcute command. These
numbers ‘will be the highest order in the hierarchy of the
SELF CAL routine; so, to locate the exact test that failed
in the tree, the TESTNum must be set to a lower level and
the ERRor? Query reissued until the lowest detection level

"of the failure is reached. The ERRor? query returns 0. if no

errors have occurred. This method of failure location is

" used for errors generated by any of the calibration or diag-

nostics sequences.

EXT CAL

The EXTCAL TESTtype allows specifying the calibra-
tion sequence {TESTNum} to be performed. The calibration

. routine. specified. may. be. any . steps .or.-sub-steps- of tha

EXT CAL or SELF CAL routines. The user is responsible
for assuring that any externally reguired test equipment
has been connected and programmed and that pauses in
the procedure to make manual adjustments or equipment
changes are terminated via a menu button push or a GPIB
STEp command to advance to the next stép in the
sequence. The external callbratlon sequence numbers to
be used as the numerical argument for TESTNum are
listed in Table 6-6 under the “Test Number® column head-
ing. The valid test numbers for Calibration are 7000 to

9300 in the table. Errdr handling is the same as

in SELFCal.

SELF DIAG

Invoking the TESTType SELFDiag causes execution of
the entire self-diagnostic sequence when an EXEcute com-
mand is received. Error handlmg is the same as
in SELFCal.

" When Seélf Diagnostics is called via the GPIB, comple-
tion andfor failure will cause an SRQ to be issued by the
instrument. The status bytes returned on a poll indicate a
successful completion or failure -of the Self Diagnostics
sequence. Errors can then be gueried via the GPIB and
traced to the lowest level of the Extended Diagnostics in
the same manner as from the front panel. Failure of Self
Diagnostics when run’ from the GPIB does not put the
instrument into the Extended Diagnostics menu as it does
when run from the front panel.

EXT DIAG

TESTType EXTDiag allows a specific TESTNum to be
selected for execution upon receiving an EXEcute cam-
mand. Error handling and reporting is the same as in
SELFCal. Looping a test is done by issuing the LOOp
command pricr to'the EXEcute command, and the HALt
command stops the looping test.
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DIAGNOSTIC PROCEDURES

The various tests resident in the scope are organized
into a free structure with a test number designating each
node. The root node is 0000. A summary of the way in
which the tests are performed and the type of test made
follows the test number and test name in Table 6-6. -

NOTE
FAIL and PASS flags in the Extended Diagnostics
menu show the results of the last test run. If a
defective device that has previously caused a FAIL

flag io be set is replaced, the test must be run again
o obtain a PASS indication in the menu.
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These troubleshooting procedures are broken down into
several types. The Troubleshooting Procedures of Table
6-6 provides a description of the tests made, and in many
cases, the troubleshooting procedurs used in case of a
test failure. Other areas of the scope require more exten-
sive troubleshooting trees. These areas are: the Low Volit-
age Power Supply, the Video Option, the Display System,
and the Time Base and System Clocks. Troubleshooting
trees are located in the “Diagrams” section of this manual.
Some of the troubleshooting procedures are very general
in that they don't lead the troubleshooter directly to a
specific faulty component or components. In those cases,
it is up to the troubleshooter to analyze the information
obtained from the tests made to determine the actual fault.
Figure 6-6 is a flow chart that shows the initial troub-
leshooting steps as an aid in determining where to start.
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Table 6-6
2440 Troubleshooting Procedures

1 INITIAL INDICATIONS
TESTS FOR 1. Are TRIGGER LEDs flashing? If all lights are flashing, suspect Waveform xP ROM U480 or U480
LIFE (diagram 2) or their selects. :
2. Is there activity from GPIB LEDs during turn-on? If the three LEDs above the crt (LOCK, SRQ,
and ADDR) all light then go through a binary counting pattern (test number 2170), the diagnos-
tics are working, and the instrument is alive. Go to Procedure 2.
3. After 30 seconds of turn-on, press MENU OFF and cycle the SLOPE switch. If the + and —
Slope LEDs light alternately, the System pP is alive, and the operating system is acfive. Go to
Procedure 2. :
" 4. Did the attenuator relays click? if the réiays clicked, the power-on $elf tests ~vere running.
5. If any of the signs-of-life occurred, then assume that there is some "“life in he box™ and go to Pro-
cedure 2; otherwise, go to Procedure 8.
2 CRT DISPLAY CHECK
1. If the menus are normal {can focus, adjust intensity, etc.), then go to Pfocedqre 3.
2. |fthere are no displays then go to Procedure 5.
3. If there is a display, but the display is incorrect (nc intensity control, out of focus, ete.), a dot conly,
o \) a vertical or horizontal streak, then it is an analog problem. Go to Procedure 6. :
gl
h 4, If portions of the readout are missing or wrapped over, but the power-on test runs, the front-panel
controls and the EXT DIAG menus may still be useful. Attempt to use the diagnostics to determine
the failed tests. Also, read the binary code of the first failed test that is flashed by the Trigger
LEDS during the power-on sequence. Use that information as a starting point for troubleshooting,
using the steps indicated for the failed test in Procedure 7, "EXTENDED DIAGNOSTICS". The
most probable cause of a failure of this type is a bus problem or bad IC on a bus causing a stuck
bit in Display circuitry of the Time Base/Display board (schematic diagrams 16 and 17). The
busses to suspect are the ones connected to the IC indicated by the failed test.
3 POWER-ON DIAGNOSTICS
NOTE: THIS IS NOT SELECTABLE, IT EXECUTES AT POWER-ON.
1. If all the power-on tests pass, go to Proceduf'e 4. if not, then go to Procedure 7.
4 OPERATIONAL PROBLEMS (Not detectable by diagnostics)
NO SIGNAL Phase Clock Array Outputs A10U470 (schematic diagram 11)
ACQUISITIONS -

1.

Check A10U470 (Phase Clock Array) at pins 11, 12, 13, 14 and 15 for output clocks.

2.

If no outputs, the problem is probably U470 or the input circuit to U470 at pins 65 and 67; i.e.,
CR580 or C582. ' _

If the Phase Clock Array is working, the problem is in the Time Base.

AT
L
—
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Table 6-6 (cont)

TIMING ERROR

Phase-Locked Loop Circuit (schematic diagram 11).

AT 50 us/div _
AND FASTER 1. Check the 10-MHz input to U381 pin 6. If there is no 10-MHz clock at TP174 then go to the
I * Timebase troubleshooting chart (located in the “Diagrams” section) and troubieshoot the System
“Clocks. : ' '
- _ NOTE 7
. Uée 2440 CURSOR function of 1/TIME to measure the frequency. The cursor posi-
tion difference will read out directly in frequency,
2. Check U381 pin 9 for 10 MHz.
Frequency too low at pin 9:
-a.- Check that- U381 pin 3 has negative pulses and that the voltage at U381 pin 12 is positive with
‘respect t6 U381 pin 3. The VCO CTL voltage at TP581 can be as high as +12 V.
Frequenéy too high at pin 9: ' '
b. Check that U381 pin 12 is ramping negative with respect to U381 pin 3 {average not absolute)
and TP581 can be as negative as —06 V. - ‘
c. If these conditions are not true, the problem is probably Phase/Frequency Detector U381 or
amplifier USBO.
MISSING.DATA  ditter Correction Troubleshooting (schematic diagrams 12 and 13);
'E'N.IOII:INE-I;’SET On the scope under test, select REPET acquisition mode, AUTO LEVEL, VERT trigger, DC

Trigger COUPLING, and set the SEC/DIV setting to 5 ns. Then select ACQUIRE and connect a
probe from the CH 1 input to TP291 (TTLBT) (found above A10U450, the CH 1 CCD, on the
main board). .

If there. arerba'nds of missing data points every two divisions, of only a few data points are placed
every two divisions or the waveforms are distorted, the problem may be. in the Jitter Correction cir-
cuitry. - - - ' '

The’.__,in_ter Correctioriﬂpircu_it,has, both analog _a(nd digitai circuits. First check.the digital partion to insure
that it is working. If that is ok, then assume that the probiem is in the analog portion of the Jitter
Correction circuit. .

DIGITAL SECTION TROUBLESHOOQTING

1. Check that START1 and START2 are present at Ug41 pin 2 and U842 pin 2 {located on the Side
board and shown on diagram 13) respectively and that they are coincident,

a. Test the collector of Q492 and Q391 (located on the Main board and shown on diagram 12)
for the START puises.

If missing:

b. Check for SRAMP1 and SRAMPT at the bases of Q492 and Q491."
- ¢. Check for SRAMP2 andm at the bases of @381 and U390.

d. Check for RAMP and RAMP at the bases of Q392 and Q490.

If any gating signals are absent, backtrack to U470 andfor U370 {on diagram 11) and locate the .
defective component.
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Check that STOP1 and STOP2 are present at U841 pin 12 and U842 pin 12 (on the Side board).
These signals are not coincident and should be jittering with respect to one another.

If missing, backirack to U480 and/or U380 (located oh the Main board and shown on dlagram
12) to locate the defective component.

While triggering on the START1 pulse, check for gated signal (by STOP1) at U852 pin 1 on the
Side board. Check at U853 pin 1 for gated signal while triggering on the START2 pulse. If gither
gated signal is missing, check the gating components to locate the problem.

While triggering on the START1 pulse, check for activity (fast to slow) at the Jitter Counter
(UB44 and U852) outputs (pins 14, 13, 11 and 12 on U844; pins 3, 4, 5, 6, 11, 10, 8, and 8 on
U852). Observe that each output pin on the ICs should be switching slower than the preceding
one as the counters count down. Replace the counter if found defective.

Check that the inputs to U750 and U752 are gated to the outputs of U752. The only time they

- are the same-is if- both pin-1-and 19 are-low: |f & WORD -trigger probe is not available, the follow-

ing setup may be used making use of the A and B Trigger Mode to obtain coincident triggering.

HORIZONTAL
A and B SEC/DIV 200 ns
MODE B
VERTICAL
MODE CH 1and CH 2
COUPLING : DC
VOLTS/DIV 2v
POSITION Traces to graticule center
TRIGGER
A TRIGGER SOURCE EXT1 A-B
A LEVEL 500 mv |
SLOPE — {minus}
MODE NORMAL
B TRIGGER SOURCE ‘ EXT2
MODE TRIG AFTER; EXT CLK OFF

Now connect the EXTT to U750 and U752 ﬁin 1 and E)_(Té to _U75b__and U752 pin 19. The input-
output pairs may now be checked, and they should compare at the “T" of the trigger point.

ANALOG SECTION TROUBLESHOOTING

1.

2.

Connect a probe from CH 1 of the scope under test to the TTLB1 test point on its main board.
Select REPET, set the scope under test to 2 ns/div and obtain a stable trigger.

Set the test scope to 500 us/div.

With the test scope:

3.

Make sure that the signal at the collector of Q481 and Q390 stabilizes at about 800 mV. This is
the baseline stabilization circuit. The waveforms shown next to the schematic diagrams are useful

N -

\;’

to make waveform comparisons.

Check for a fast ramp that corresponds to RAMP and RAMP from U370. This ramp should rise
from the stabilization level to a maximum and start down at the same time that the START1 (or
START2) pulse steps high, and that the STOP1 {or STOPZ2) pulse steps high when the descending

-ramp crosses 0 V. If not, troubleshoot the circuitry to determine the problem. These ramps should

be linear both in rise and fall times.
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GPIB -

GPIB Test for Activity (schematic diagram 20); -

- 1. . Presg the -QUTPUT menu hutton, then SETUP, then MODE. Select L/ONLY and see if the ADDR

LED is on. Select T/L and see if the ADDR LED is off. Select T/ONLY and see if the ADDR again
Is on. . ‘ : .

2. If the LEDs foliow the above, GPIB IC U630 is ‘at least responding to the System uP, and the

problem is probably in GPIB Bus Buffers U720 or U624.

3. If the LEDs do not follow the above pattem, traubleshoot bidirectional buffer U532 or U630

FRONT PANEL
PROBLEMS

-(@ssuming the LEDs do the 0 through 7 binary count during REG test section of EXT DIAG).

Front Pane! and Auxiliary Front Panel {schematic diagrams 4 and 6): -

'If there is a front panel problemand the Extended Diagnostics have not detected anything, the prob- -

e e €IS DNOL i, the. Front Panel Processor.or. its-handshake-logic-with the -Systerri uP.

On the Front Panel xP (U700), do the following checks: -

NOTE

When probing around the Front Panel uP circuitry, it is possible to cause bad data to be
written to the System uP andfor the Front Panel uP by inadvertent grounding of pins or
accidental shorting of pins together. If this should occur, many trouble symptoms may be
present. To cure these symptoms, turn off the scope and turn it on again. This rewrites all
RAM space in the System and Front Panel microprocessors with corract operating data.

Check pins 26, 27, 28, 29, 30, and 15 for active output si'gnal switching. These signals are all
asynchronous, so a stable display pattern is not possible (without going to SAVE mode on the test
sScope). ‘ .

If the signals checked in Step 1.are active, go to Step 3. If these signals are not actively switching,
perform the Front Panel MUXTEST to check that the pP drives the MUXSEL signal lines in a tight
looping routine. In the MUXTEST, -only the MUXSEL ‘signal cutput lines are being driven. No out-
put will be seen on the S/ or SHCLK fines (pins 29 and 30 respectively).

Check pin 24 for active AOUTO retiin signal from the Front Panel pots.
If the return signal line is active, Qo fo Stép 5. If it is not active, showing the different voltage lev-

els from the Front Panel pots, troubleshoot Front Panel- Pot Scanner U902 {an 8-to-1 multiplexer).
Problems with a single pot output rather that a total failure of the Pot Scanner may be checked

~ out using the MUXTEST mentioned in Step 2. - . :

.Gheck pin 25‘for active return signal from the Front-Panel Switches.

If the SW/OUT signal line is active, the Switch Scanner circuitry is working. If it is not active,
troubleshoot 1-0f-8 decoder U903 and serial shift register U904 for correct operation.

Check pin 22 (AOUT2) for an active return signal from the Auxiliary Front Panel INTENSITY pot
and Front Panel BNC connectors. Individual signal voltage levels may be checked using the Front
Panel MUXTEST if the signal line is active. if switching levels are not present on the AOUT2 signal
kine, troubleshoot 8-to-1 multiplexer 1U600.

.Check pin 9 (SWOUTA} for an active signal when one of the Auxiliary Front Panel buttons is
pressed (bezel, SELECT, STATUS, MENU OFF). Otherwise, a HI is being shifted out of serial shift
register U700. If the SWOUTA signal does not show a square pulse when one of the buttons is
pressed, troubleshoat U700. . :
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Front Panel MUXTEST:

An intermittent fallure or noisy front panel pot can produce inconsistent control changes. To test indi-
vidual pots for smooth operation and full range control limits, the Front Panel MUX SELECT test may

be used to provide stable triggering.

1.

2.

Turn the power off and connect pins 2 and 3 of J155 togather.
Ground the MUXINH signal at the end of R815 nearest the front of the 2440 to DGND.

Connect the test scope to observe the AOUTO signal at R800 pin B. Trigger the test scope on
MUXSEL2 at R800 pin 4. Set the SEC/DIV switch to 100 ps and the VOLTS/DIV to 2V.

Power on the 2440. When it does the power-on test, it will signal a test failure of 4300 on the

Trigger LEDs, and there will be no display on the 2440 crt.

Rotate the following rate position pots:

CH 1 Vertical Position
CH 2 Vertical Position
Horizontal Position

_Cursor/Delay Position

Check that the pots go into the rate region at both extremes of rotation and that the voltage level
for each pot moves smoothly from one amplitude level to the other (approximately 0.5V to 5V
total range) as the pot is rotated. See the test waveform illustration 1o identify the portion of the
waveform associated with the control being rotated. .

CH 1 5v A 100ps CH 2
CH 2 av

. 5V MUXSELZ
| I RBOO
i oV PIN 4
- o

1
HORIZDNTAL POSITION
CH 1 POSITION

. NE .

ey

AQUTO
RB00
PIN B

ov

CURSOR/DELAY
" CH 2 POSITION

TAIGGER HOLDOFF
LEVEL CONTROL
CONTROL

4947-28

Figure 6-7. Mux Test waveforms.

7.

Rotate the following infinite rotation pots:

Trigger Level Control
Holdoff Control

6-41



Maintenance-—2440 Service

Table 6-6 {cont)

Check that both sides of the pot have equal output rangé {approiciméfely' 0V to5V)and that the
voltage level for each side of each pot moves smoothly from one extreme to the other as the pot

s rotated through the continuous range (not its end-switching region).

10.

1.

12.

Connect the test scope to observe the AOUT2 signal at RB09. This signal is from the Auxiliary
Front Panel circuitry,

Momentarily short the sheli of each of BNC input connectors to its coded-probe-switching ring and
observe that the voltage level for that connector goes from 5 V to 0 V.

Rotate_the infinite rotate INTENSITY pot and check for smooth voltage level changes on both
sides of the pot (from approximately 0 V to 5 V). ' ' :

'The two réméihing analog levels are the CH 1 and CH 2 50 ohm overloads. Check that they are -

approximately 3 V each.

BELL . Bell Circuit (schematic diagram 20):
PROBLEM
Remove the word trigger probe, then:
1. Connect a probe to the emitter of A12Q592. Then select the B TRIGGER SOURCE menu and
press the BEZEL switch for WORD. The voltage should go close to +4 V with about a 1 V p-p,
2 kHz square wave superimposed upon it (peak of 5 V). )
I the 4 Vdc is not present, check the signal path back to A12U'?60 pin 16. if the 2 kHz is missing,
check back to the oscillator circuit A12U274.
CALIBRATOR Calibrator (schematic diagram 13):
PROBLEMS .

The calibrator circuit can be split into two parts. The source of the signal (CALGLK input at W122 pin

NOTE

Make sure that you have not macde the mistake of viewing the Calibrator signal output with
‘& 10 M2 probe and have the channe! in 50 2 input termination. '

2) and the analog. output stage on circuit board A13.

1.

Check for a 3 V square-wave signal at the forward end of R831 (100 Q resistor under A13U831
near the cable connectar). If present, the problem is in U831, U731, Q831, or one of the parts in

“that output amplifier circuit.

a. Check U831 pin 8 for a signal.
b. Check UB31 pin 2 for +2.4 V.
c. Check U831 pin 1 for +5.1 V.

d. Check emitter of Q831 is the same as the base of Q831.

* Check for a 3 V square wave at A11U680 pin 18. If present, the problem Is a defective cable con-

nection from A11 to A13 boards.
Check for a square-wave signal at A11UG80 pin 2. If present, replace A11UB8D0. ‘

Replace A11U670.
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% VIDEO Video Option (schematic diagram 21):

OPTION | If Video triggers are selected and the menu says not installed, then the diagnostics have
detected a problem (if the option is installed). See Table 6-7, the Video Option
troubleshooting table.

WOCRD Word Trigger (schematic diagram 20):

TRIGGER : '

1, Make sure the Word Trigger probe connector is properly installed {connector is on the 2440 rear
panel).

2. Select TRIG POSITION to 1/8, SEC/DIV to 100 us, and VOLTS/DIV to 2 V. Probe A12U754 pin 5
for clock pulses. If not present, verify A12U754 pin 1 (RESET) is HI and A12U754 pin 11 has clock
pulses. Replace A12U754 if the signals at pins 1 and 11 are ok. .

- LS \grify that the flex connector at the back-of the -A12 board is-installed correctly. If -ok; then the
WORD RECOGNIZER probe is possibly defective. Try the probe on another 2440 to verify its
operation.

DAC SYSTEM DAC System (schematic diagrams 5 and 6):

FAILURE

Symptoms are CCD and Peak Detecto'rs gain fails SELF CAL, and Trig Level fails SELF CAL.
1. Check TP650 {found on the Main Board) for O V. )

2. Check TP660 (also on the Main Board) for +1.25 V.

3. If the test point voltages are good, the DAC SYSTEM is operating normally to this point.
Troubleshoot the DAC multiplexers (UB31, U821, U960, and UB30) and the individual DAC output

ports (schematic diagrams 5 and 6).

4. If the levels at TP650 and TP660 are bad, check DAC multiplexer U651, the DAC inputs {U800
pins 1 through 12), and current-to-voltage converter UBB1C. Should see UB61C having an output
of 32 dc levels, switching from one to the next each 2 ms, and then repeating. The maximum
output level is +1.36 V. This output signal should be present at the input to each of the DAC
multiplexers {pin 3), and each multiplexer output pin should have a steady dc voltage level

present,

5. Check that only one DAC MUX enable at a time from U272 is LO.

6. Use the FORCE DAC test to check suspected output ports for correct control range.

Force DAC Test

1. Press the SPECIAL menu choice under Extended Functions and then press FORCE DAC.

NOTE

The SPECIAL menu choices are normally disabled to the user and press of the SPE-
CIAL menu button calls up the display "DISABLED—SEE MANUAL". To enable the
choices for servicing, the cabinet must be removed and Jumper A13J156 (EXT CAL
D18 on diagram 13) must be removed. '

2. The first and second bezel buttons are used to select through the DAC values to be tested. The
INTENSITY knob sets the vaiues.

3. Test suspected DAC circuits for correct voltage limits over the control range using the test points
and values given in the following Force DAC Ranges table.

6-43



Mairtenance—2440 Service

_Table 6-6 (cont)

'DAC

Force DAC Ranges

- 'DAG I%OR‘C_I_-:"QAC: Values/ 'vmiage“‘ngnge Effect of
Output Output DAC Voltage After : T Increasing Vaiue
Location Cold Start 0 4095 -
CH1Bal LU641.7 2048/—0.50 -—1.37 136V Trace shifts down
CH2Bal U641-1 ,
CH1Gain us4i-8 1540/ —4.37 v —6.48V 1.58 V - (Gain decreases
CH2Gain | Ut41-14
1POS 630-1. 2048/5 va —435Vv —566V Trace moves up
GNT1 u841-1 - 2048/—0.50 VP —1.37  +1.36 | The channe! and CCD
GN12 Us41-7 side indicated by the
et o A ;.E.m:q:.u_.._ AP K, . DACoutput is offset
GN13 Us41=8 from remaining sides.©
GN14 UB41-14
GN21 U9s1-1
GN22 U951-7
-GN23 uos1-8
GN24 ues1-14
CTi1 Ug40-1 2048/ -0.50 vd +4.76 +12.1 The channel and CCD
CT12 U840.7 side indicated by the
DAC output is offset
CT13 U_84O'B from remaining sides.®
CT14 U840-14
CT21 U950-1
CcT22 uUg50-7
CT23 | U950-8
CT24 - U850414.
< oCMAD- | BBt~ [ = 1650/=0.27 V1 - - +4.76- ST R : CH 1 CCD Sides 1 and
2000/—0.04 v +4.76 +12.1 3 offset from 2 and 4.
2200/-0.10V +4.76 +12.1
CM1E uUe31.7 .1650/—-0.27, V +4.76 +12.1 CH 1 CCD Sides 2 and
2000/—0.04 V +4.76 +12.1 4 offset_frorn 1 and 2.
2200/—-0.10 V +4.76

+12.1

SDAC values for CH 1 and CH 2 POS are not written aﬂer a COLD START until an acqulsltucn occurs: Turn off EXT DIAG menu and .
press ACQUIRE; then return to FORCE DAC.

bEach GNxx DAC output has a unique constant for each SEC/DIV setting between 100 and 100 ns. Each of these constants is set to
2048 when the instrument is cold started.

“For example, GN23 is the GN DAC outpu’t for side 3 of the CH 2 CCD; so side 3 is offset from sides 1, 2, and 4.

9Each CTxx DAC output has a unique constant for each SEC/DIV setling in both Normal and Envelope Acquire modes. Each of these
constants is set to 2048 when the instrunient is cold started.

“Far example, CT14 is the CT DAC output for side 4 of the CH 1 CCD; s0 side 4 is offset from sides 1, 2, and 3.

fEach CMxx DAC output constant varies with SEC/DIV settmg The first value given is for 50 ns; the second for 100 ns; and the
third for 200 ns. SEC/DIV should be set accordingly when checking for correct voltage limits over DAGC range.
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™ ] ' Force DAC Ranges
DAC DAC FORCE DAC Values/ Voltage Range Effect of ;
Output Output DAC Voltage After ] _ Increasing Value
Location , Cold Start 0 - 4095
CM20 UB40-7 1650/—-0.27 V ‘ +4.76 +12.1 CH 2 CCD Sides 1 and
2000/—0.04V +4.76 +121 | Soffsetfrom2and 4.
2200/—0.10V +4.76 +12.1
CM2E U640-8 1650/—0.27 V +4.76 +12.1 CH 2 CCD Sides 2 and
2000/—-0.04 V +4.76 +12.1 4 offset from 1 and 2,
_ 2200/—-0.10V - +478 +12.1
C e TRNAE - - UGB 14 | s 200/~ F:24N o s s BT s i + 136 .-
TRNZ Us31-14 ‘ ,
HORF us31-8 _ 100/—1.30V —1.37 +1.36
JIT1 U661-1 1700/—2.54 V —-769 —2.23V Fast Ramp Slope
JIT2 UE61-7 increases for more
7 counts per sec
ALVL ue40-1 2176/0.00V —1.37V —1.36V Triggers at lower point
GRAT U520-10 4095/14.66 V 0.83 Vb . 14668V Decrease Grat intensity
' 1820-1 4095/—3.34 V 420V —3.35V '
INTN ug20-8 _ 3160/0.78 V —137 V. 1.36 V Increases intensity
P ) NORM us20-7 1640/—0.28 V
[ RDO1 Us20-14 2050/0 V
CURS (CAL) UB10-3 2048/—0.50 —137V 1.36
’ U610-3 ~0V ~0V . Current output into
U610-4 ~OV ~0V 75 Q loads
U610-6 ‘ ~0V T o~0V
Us10-13 ~0V ov
Ug10-15 ~0V oV
" HORF ue3le | 100/—3.90 V ' =41V 400V - Increases holdoff
DACO U650-6 2048/+0.04V 13.82V —33.15V Unbalances DAC
DACG U660-6 3029/--0.21V 14.02 Vv —13.32V Uncalibrates DAC
: —5.18 Vi '

gFach TRNx DAC output has a unique constant for each VOLT/DIV setting between 2 mV and 50 mV. Each of these constants is set
to 200 when the instrument is cold started. . .

h_imit at a DAC count of approximatety 2000.

iDACG (DAC Gain) interacts with DACO (DAC Offset); therefore, the DACG range can be limited if DACO is not centered. Changing
_either DACG or DACO causes the remaining DAC System outputs to be invalid until the correct settings tor DAC Gain and Offset are

rewritten into the DAC System.
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HOLDOFF Trigger Holdoff Circuitry (schematic diagram 13):
PROBLEMS ' ' :
Run Extended Diagnostic test 2600 for the SIDE—BOAFID reglsters U761 and U762. i that fails,
_ troubleshoot the indicated fallure. ‘
If not, troubteshoot the Tngger Holdoff circuitry.
1. Check the emitter voltages for logical HI/LO as follows
SEC/DIV Q761 Q771 " arr2 Q783
500 ns HI LO . LO —15V
1us LO Hi Lo —15Vv
10 us LO LO . HI - +5V
If these levels are not correct, suspect the correspond:ng emitter diode, or the transistor emitter-
-base--junetions -as -being- defective: Observe that- Q?BS has no™emitter” diode ‘8T suspect the
tranststor itself or 0782 .
Some trlggenng failures are an indication of possible problems with the ATHO (A tngger holdoff
signal). If ATHO is stuck HI, no friggers will be permitted by A/B Trigger Logic Array U150; |f stuck
LO, the triggering will be unstable.
2. Check the signals around flip-flop U872 for proper actlon of that device (see the test waveforms
associated with the circuit next to schematic diagram 13)
Test scope: Select ENVELOPE 1 and AUTO TRIGGER MODE. Scope under test: Select 5 ns/div,
trigger on the CAL 3|gnal and set HOLDOFF to minimum, .
SEQUENGER Sequencer Output circuitry (schematic diagram 20).
OUTPUT
PROBLEMS SEQUENCE QUT doesn't switch LO at the end of a sequence or back HI when the sequence is
exited after completion:
1. - Create a sequence with 6A¢ step and no PAUSE. The front-panel setup is arbrtrary for the |
step (see Operators Manual for Operatmg the Sequencer),
2. RECALL the sequence Check that Q104’s collector is HI hefore the sequence is recalled,
switches LO at the end of a sequence, and switches back H| when the sequence is exited )
{see Operators Manual for operatlng the Sequencer) : S
If the col!ector switches properly, the probiem i an open component in the R104-
J125/P125-Flex Cable-J1903 path.
3. If collector doesn't swrtch either the transistor, its collector suppfy, or its baee drive is bad
(CR104 may also be shorted). Isolate base drive to Q104 via R300 to determine whether
drive or output circuitry is bad. The driving sngnal comes from I/O register block of schematic
dlagram 1.
SEQUENCER Sequencer Output circuitry (schematic diagram 20). _ ‘
OUTPUT
PROBLEMS STEP OUT doesn't switch LO at the end of a sequence step or back HI at the start of the next

sequence step:

1, Create a sequence ccntalmng at least two steps. The front panel setup is arbitrary for both
steps, but set PAUSE on in the ACTIONS menu associated with the first step (see Operators
Manual for operating the Sequencer).
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2. Check that Q107's collector switches LO at the end of a step {should stay LO at end of
PAUSE'd step 1) and back HI when the sequence is restarted {push PRGM).

If the collector switches properly, the problem is an open component in the R107-

J125/P125-Flex Cable-J1904 path.

3. If collector doesn't switch, either the transistor, s collector supply, or its base drive is bad
(CR107 may also be shorted). Isolate base drive to Q107 via R108 to determine whether the

drive or output circuitry is bad.
The drive signal comes from I/O register block of schematic diagram 1.

GPIB CAPABILITY AVAILABLE FOR EXTENDED DIAGNOSTICS

Extended Diagnostics test may be run via the GPIB interface to track down failed devices when the
Front Panel is locked up due to a front-panel failure or when there Is no display visible. The importance

" of this is that the initial step of locating all problem areas is simplified when the 2440 can do it itself.

1. If the hardware and software are available to interface a 2440 to a GPIB centroller, then run the
Extended Diagnostics test. Troubleshoot any failed diagnostics test as indicated in Procedure 7.

2. If GPIB interface is not available, go to Procedure 6 to troubleshoot the display problem.

DISPLAY TROUBLESHOOTING

INTENSITY

No-Intensity (HV Supply and CRT, schematic diagram 19):

If there is no GPIB capability, troubleshooting is going to be more difficult if no display is available. The
steps in this tabie address the analog problems not detectable by the Extended Diagnostics in any

* case. Digital failures of the Display System are covered in the troubleshooting tables in the “Diagrams™

section at the back of this manual.
1. Press STATUS to set READOUT level.

2. If no display is present, check the crt intensity grid voltage (V1000 pin 3), the grid bias adjust, the
ert cathode and heater circuits, and the crt anode HV.

A High Voitage probe is required to measure the grid, cathode, and anode voltage of
ihe crt.

3. If no voltages are present, troubleshoot the HV power supply. The —15V Unreg supply is fused
by F961 (schematic diagram 23) which will be open if a component failure in the HV power supply

caused excessive loading.

4. If crt voltages are good, and still no intensity, turn off the 2440 and check the crt heater for con-
tinuity from pins 1 to 14. If open, change the crt.

5. Does intehsiiy vary with the Grid Bias Adjust? If not, troubleshoot the DC Restorer circuit. If it
does, check the signal from U227 at pin 13.

6. Check input to U227 ZON on pin 3. If input ok, check supply voltages to U227. If all ok, change
uz2z7y.
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oo

7. 1t ZON rict present,  troubleshoot the Z-Axis Logic circuitry, U223C and input gates and signals
(schematic diagram 17). D o .

8. If all ok in the crt and Z-Axis cifcuitfy, go fn_;) the "“No Display" troi.lbleshooting tree at the back of
this manual. Also, check that the Power-on Self Test completes without hanging. (See *‘System
uP Halts in Power-up Test” following “No Intensity Control.”)

No Intensity Gontrol

1. - Check signal output of U227 at pin 13. Is the waveform correct (see waveform 145 on schematic
diagram 19), and does its amplitude vary with thie DISP INTENSITY control? If yes, then check the
signal path components to the junction of CR442 and R546 far continuity.

.. f the. signal..at.U227 pin.13. does.not vary -with-the DISP--INTIZI”:—'NSI»'W“een-tmI, check CR135 for
open or short, - ‘ _ S : : '
3. Check the ZINT signal on pin 2 of U227, Does it vary correctly with the DISP INTENSITY control?
i yés, suspect U227. I no, then use the FORCE DAC test 1o verify the INTENSITY pot and the
DAC SYSTEM. '

4. If the INTENSITY pot changes the DAC settings in the FORCE DAG test, the pot and pot-
scanning circuitry are ok; if not, troubleshoot the Front Panel.

5. Check the suspected .DAC outputs at the points indicated in the FORCE DAC test table. If DAC

-outputs are ok, troubieshoot Intensity multiplexer A10U811 {(schematic diagram 6) and its select

signals; and the Z-axis signal amplifiers (A10U810 and A1 0UB12). Troubleshoot DAC circuit if the
DAC outputs are bad (see the DAC System troubieshooting procedure).

6. Check the DISDN signal at U414A pin 6 and the PRESTART + DISPLAY signal at U323A pin 3
for correct operation (schematic diagram 17). If not correct, troubleshoot the Readout State
Machine (see the “No Display" troubleshooting tree at the back of this manual).

SYSTEM uP
HALTS IN

POWER-UP
TEST ‘

Test 3000—TRIG and READY LEDs on or Test 8000—READY and ABM LEDs on, and the 2440 Self
Test has halted. ‘ _ o . o

Problem is probably in the Display State Machine circuitry {schematic diagram 17} or the DISDN signal
path to the System wP Interrupt circuit. Check that the DISDN signal is correct at U414 pin 6
(waveform 126 on schematic diagram 17); if not, troubleshoot the Display State Machine (see NO

:;‘DISPLAY troubleshooting chart in the “Diagrams” section for typical Display State Machine
waveforms). If the DISDN signal is ok, check the DISDN signal path to U580 pin 4 for continuity.

Test 8000—plus (+) LED on and Self Test has halted.
1. “Running Self Test”” message is displayed, but nothing else is oceurring.

Check the ACQDN signal at AT1UB70 (Time Base Controller).. . .

2. No display is seen.

Check operation of the Readout State Machine.
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If all the focus voltages and adjustments are correct in the following checks and proper focusing can-

.1 FOcCUS
' not be attained, suspect a defective crt. Check all the crt voltages and EXT CAL Display ADJUSTS for
the crt to verify their accuracy before changing a suspected crt.

No Focus at Any Intensity:

1. Check the ASTIG adjustment.

2. Check junction of R262 and R145 for a voltage swing of 0 to 15 V as the FOCUS pot is adjusted
from one extreme to the other. If not correct, troubleshoot pot, connectors between the pot and
the junction, and the 15 V supply to the FOCUS pot. -

3. Check at the collector of Q152 for a voltage swing of —175V to —115 V as the FOCUS pot is
adjusted from one extreme to the other.

4. Check for —300 V at the junction of R248 and R247. If not correct, check CR611, CRB10, Co18
and the 150 V peak ac supply.
An HV probe is required for the following step.
. 5. Check the intensity grid, cathode and anode voltages for correct levels. If not correct, trouble-
_ shoot faulty gircuit.
4 Poor Focus at High Intensity:

1. Check the HIGH DRIVE FOCUS adjustment.

2. Check the wiper of R400 for a varying voltage as the DISP INTENSITY is increased to hngh inten-
sity levels. If not correct, check Q500, CR500 and VR316 for shorts or opens.

3. If the output of Fl400 tracks the display intensity changes, check R385, R297, C285, and P174.

Poor Edge Focus:

1, Check the EDGE FOCUS adjustment.

2. Check the collector of Q2889 for a voltage swing of —131.8 V to —111.8 V as the EDGE FOCUS
pot is adjusted from one extreme to the other. Check the wiper of R300 for a voltage swing of 0
to 50 V as the pot is adjusted from one extreme to the other. If not correct, check the pot and the
+61 V supply.

DEFLECTION Display Output {schematic diagram 18):
PROBLEM ' .

Vertical Deflection Bad (Horizontal stripe only) or Horizontal Deflection Bad (Vertical stripe only).

1. Press PRGM arid then press the fifth menu selection button todo-a PANELINIT.
2. Connect the CALIBRATOR output signal to the CH 1 BNC using one of the supplied 10X
coded probes. Set the 2440 VOLTS/DIV setting to 200 mV. Press SAVE on the 2440,
then MENU OFF.
./
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3. Trigger the test sCopé on the ZON signal at U223 pin 8 (schematic diagram 17). Set the test
scope Trigger Coupling to HF Hejéct and Slope to — (minus). R :

4. Use the test scope to compare the circuit signals at the points indicated in schematic diagram 18
to the corresponding waveforms shown next to the diagram. (The HOLDOFF control will be of
some use in obtaining a stable display if using an analog scope. If using a 2440 as the test
scope, press SAVE to obtain a stable display, if necessary, for viewing.)

5. Troubleshoot as necessary if incorrect waveforms are found. If none of the waveforms are correct,
problem is either U170 or bad input from the Vertical Display DAC, (U142) for bad vertical
deflection. For bad horizontal deflection, problem is either U370B or bad input from the Horizontal
Display DAC, U250. If bad input signals, troubleshoot the Display and Attributes Memory and
Display DACs (schematic diagram 16). See “Distorted Display” troubleshooting chart at the back
of this section. ‘ ' ' '

"8I the Waveformi at U170 pif 67 "cortect (6r U3708 pin 7 Tor the horizontal signal), but not correct

at the integrator output, check that the samplé switch (U270B) is getting the SAMPLE drive signal.
" Troubleshoot the Vertical or Horizontal vector generator circuitry.

7. Is display switching cofrectly for dots, envelope, vector, and readout displays? If not, check multi-
plexer U290 and select signals (AMPQ and AMP1),

7 EXTENDED DIAGNCSTICS
If unfamiliar with the use or operation of the extended diagnostics routines of this scope, the calibra-
tion and diagnostics information supplied in the Diagnostics  subsection of this section may prove
very useful.
0000 Running extended diagnostics at this level runs all tests, It is equivalent to SELF DIAG in the
EXTENDED CAL/DIAG menu. A failed test Is indicated by a FAIL label in the main Extended Diagnostics menu. Go
DIAGNQOSTICS to the lower testing levels of a failed test to isolate the failure. o
-1000 - System ROM A12U670, A12U680, A12U682; A12U690; and A12U692 (schematic diagram 1)
S¥YS-ROM ‘ :

Testing Method: .

Run from this level, all ROM tests are selected in turn, or an individual test numbers 1100-1500 may
be selected and run.

These tests compute the cyclic redundant word for the contents of the ROM. The resuiting value is

match indicates a good ROM.

~comparéd to the stored value of the first word of the ROM (the previously computed CRCC). A correct

If marked FAIL in the main Extended Diagnostic menu, go to the next level and run the test to deter-
mine the failed ROM or ROMs. '

TEST NUMBER 1100: Test number 1100 tests U670, .a 16K X8 ROM that contains the scope
operating system. Thers are no sublevel tests for test number 1100. )

TEST NUMBER 1200-1500: Test numbers 1200-1500 test the remalning four 64Kx8 ROMs
comprising the remainder of the System ROM memory, with numbers 1200, 1300, 1400, and
1500 testing U680 (ROMO.Q), UBB2 (ROMD.1), UBS0 (ROMO.2), and U692 (ROMO.3), respec-
tively. There are four sublevels to each test 1200-1500. This is because each ROM device is
divided into four pages (16 Kbytes each) with each pages seiectable by 2 address-page bits.
Each subievel test (1210-1240, 1310-1340, etc.) tests one of the four pages for a device.
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T } For tests 1200-1500, the sublevel test number and the numerical suffix in the test label indicate
- the page and ROM device the test is run on. For instance, the sublevel test “1320 ROMO0.1-5" is
run on page 5 of 16 possible pages, where page 5 is part of ROMO0.1 (U682).

The System Processor drives the System Address Decode circuitry to select the device and page

from the System ROM. UB90B provide the ROMO0.0-3 chip select signals for selecting the ROM
device accessed, and, if the ROM selected is one of the four paged HOMs, UB60 supplies the
page-seiecting address bits, PAGE-BIT2 and PAGE-BIT3. Using test 1320 again as an example,
UBS0E sets ROMD.0 LO to select ROMO.1 (U682), and UBBO sets Page Bits 3 and 2 to LO (0)
and HI (1), respectively, to select the second address page within the ROM device (the second .
page of that device is the 5th page of the 16 pages available for System ROM).

NOTE

" The page number associated with the sublevel test labels are based oii viewirig the 16"
page memory as having the following sequence: the first four pages (pages 0-3) are
located in the first four 16-Kbyle address spaces of ROMO.0-ROMO.3, respecitively; the
second four pages (4-7) in the second four 16-Kbyte address spaces, respectively; etc.
That is why, in the previous exampie, the label for test level 1320 is "ROMQG.1-5" where
“.5" indicates the fifth page. Page § is the fifth page for the entire paged-Systern ROM;
it is the second page (or 16-kbyte memory spacs) for U682.

Troubleshooting Procedure:

1. A failed ROM test indicates a defective ROM. Check that the correct ROMs are installed in
the correct sockets.

R . _ ‘Check out the supply voltages and the chip select to a failed ROM to verify them.

2. A failure of most or all paged ROM indicates a paging chip select problem. The last condition
is probably not detectable as the System nP is unable to obtain it operating instructions from
the ROM. The System P Kernel test (given in Procedure 8) may be used to check that the
microprocessor is operating and to check the chip-select addressing circuitry for correct

operation.
1100 ROM1 Base page ROM, A12U670
1210 ROMO0.0- 1st quarter of A12U680 { page D)
1220 ROMO.0-4 ond quarter of A12U680 ( page 4 )
1230 ROMO.0-8 3rd quarter of A12U880 ( page B) -

—————————1240-ROMB.0-G———4th-quarter-of A12lJ680-( page C.)

1310 ROMO.1-1 1st quarter of A12U682 ( page 1}

) 1310 ROM0.1-5 ~ 2nd quarter of A12U682 ( page 5 )
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1310 ROMO0.1-8

3rd quarter of AT2U682 (page 8)

1310 ROM0.1-D

4th quarter of A12U682 ( page D )

1410 ROMO0.2-2

1st quarter of A1 2U696 ( pagé_z )

1410 ROMO.2-6

2nd quarter. of A12U690 ( page.6 )

1410 ROMO.2-A

3rd quarter of A12U690 ( page A )

1410 ROMO2-E

1510 ROM0.3-3"

4th quarter of A12U690 ( page E )

“ -_ - _1‘5_': quarter of A12U692 ( page 3 ) ‘

1510 ROMO0.3-7 .

-2nd quarter of A12U692 ( page 7 )

1510 ROMO.3-B

3rd quarter of A12U692 ( page B ) * Not used

1510 ROMO.3-F

4th quarter of A12U692 ( page F ) * Not used

2000
REG

Registers Testing:

Testing Method:

. Fromy this level, all fégister tests are selected.in turm Individual tests may be executed by selecting test

numbers 2100 through 2600. If marked FAIL in the main Extended Diagnostics menu, move the cursor
to the 2000 level test and rerun to find next lower failure level in the Registers tests.

All register names have the convention of assuming the name given to the schematic-designated chip-
select line for that register (i.e., MISC is the name of the chip select on the time base/display board to
registers U532 and U540). )

The register tests are organized by circuit board. Where possible, a set of four bit patterns have been
used. The register tests have the capability of testing for stuck bits (bath high and low) for each data
line as.well as testing each data line for interconnecting shorts to other data lines.

If &l bit patterns of a test fail, check for a defective chip select, a defective IC in the chip-select path,
or possibly the part under. test is defective. If at least one bit pattern passes, use the “which bit
changed” method of isolating which bit(s) have the problem. '

2100
PROCESSOR

System uP Register Tests—A12 Circuit Board:
Testing Method:
The processor board has nine register tests. These are organized from the System pP outward for

increasing confidence. One should always check multipie failures from top to bottom, investigating
each in turn.
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