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4-1. INTRODUCTION
4.2, Thissection of the manual contains troubleshooting
\nformation for the 8860A, The information is divided into

five major parts. They are:
1. General Maintenance
2. ‘froubleshooting Approach
3. Anaicg Troubleshooting
4, Digital Troubleshooting
5. Troubleshooting Aids

4-3. GENERAL MAINTENANCE
4-4, Disassembly Procedure

WARNING

TO AVOID ELECTRICAL SHOCK HAZARD,
DISCONNECT LINE POWER AND ANY INPUT
CONNECTIONS FROM THE 8860A BEFORE
STARTING THE DISASSEMBLY PRO-
CEDURE.

4-5. Disassemble the 8860A as follows:

1. Disconnect the 8860A from line power; TEMOve
all front (and rear) panel inputs.

2. Remove the four screws located on the bottom
of the chassis, and pull the top cover straight up
and off.

1. For access to the analog circuitry, remove the
guard cover by unscrewing its four top screws
(the guard cover is the large metal cover with
adjustment holes). Both analog circuit boards
can be removed by pulling them straight up.

4. Remove the Display PCBby pulling the bottom
off the chassis, disconnecting the five INPUT
terminal wires, and puiling the entire front panel
assembly forward. The front panel and the
circuit board are held together by the connector
to the Controller PCB.

8860A

Section 4
Troubleshooting

5 Referto Section8for identification of the circuit -
board assemblies. Each assembly unplugs from
its comnector:

CAUTION

Do not contaminate the area around the INPUT
terminal connections on the main PCB or the
front end of the AC/DC Scaling PCE.Lowlevel
leakage can result in calibration errors.

4-6. Cleaning

4-7. Toclean the front paneland exterior surfaces of the
8R60A, use a soft cloth dampened with either a mild
solution of detergent and water or anhvdrous ethy!
alcohol.

CAUTION
Do not get water on the transtormer. The
transtormer will absorb the water and eventual-
ly fail. Use special care when cleaning the
fragile hybrid assemblies; they are easily
damaged.

CAUTION
If flucrocarbons or other salvents are used to
clean the pehs, keep it off switches and poten-
tiometers. Solvents will remove the lubricants
“from these components and shorten service
life.

4-8.  Toclean the interior of the unit, use clean, dryair at
low pressure (<20 psi). If contaminants remain, clean the
individual pchbs using warm water. The AC/DC Scaling
and the A/ D and Ohms PCBs may be safely washed with
all components intact; the Main PCB requires special
handling.

49 The Main PCB may also be cleaned using warm
water. However, in doing so do not get the armature relays
or the transformer wet. The recommended approach is to
cover the transformer and remove the armature relays
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during the washing process. Remove relays K1, K3, and K4

' runplugging them from the peb; do not remove the reed
iy.

4-10. After washing the pcbs, remove exctss water using

clean dry air at low pressure, Dry the pebs inan ovenal a

temperature of 305 C or less,

4-11. Fuse Replacement

WARNING

TO AVOID ELECTRICAL SHOCK HAZARD,
DISCONNECT THE POWER CORD BEFORE
SERVICING THE FUSE. AC LINE VOLTAGEIS
PRESENT WHEN THE POWER CORD IS CON-
NECTED.

4-12. The power fuse (F1) is accessible from the rear
panel. Replace the fuse, if necessary, with an MDL (slow-
blow) V4-ampere fuse with a voltage rating (125V or 250V
ac) exceeding the line voltage.

4-13. Static Awareness

4-14. ‘Whenever troubleshooting, follow procedures oul-
lined on the yellow Static Awareness sheet located n this
manual. These procedures are intended to prevent damage
to MOS devices due to static charge.

4-15. Pin Numbering -

#-16. Notethat pin 1 of each integrated cireuit is identified
. 1square solder pad on the circuit board. Connector ping
are numbered as shown in Section 8, in the figure labeled
Interconnection of Assemblies,

4-17. Extender Cards

4-18. The following extender cards are available for
troubleshooting the 8860A plug-in pcb assemblies. The
extenders may be used during troubleshooting and func-
tional testing, However, all extenders must be removed
during the performance test and the calibration procedure.
Order by model number.

EXTENDER BOARD MODEL NUMBER

A D and Obies Comverter PCR SROUA-IONTF

BROUA-HDUN
Cauleulating Canvoller (-004) BEO0A-4009
and [ELEL-I88 Interface (-005)

4-19. TROUBLESHOOTING APPROACH

4-20. Figure 4-] shows the recommended approach for
troubleshooting the 8860A. When the instrument fails to
perform as expected, use Table 4-1 to identify the fault as
£ 'og, digital, or power supply related. Then proceed to
t.. .4nalog or digita] troubleshooting procedures. If addi-
tional circuit details are required after the fault area is
located, refer to the theory of operation in Section 3 and
the schematic diagrams in Section 8.

42

4-21, POWER SUPPLY CHECK
4.02. Table 4-2 lists the basic power supply voltages. their
fest points and tolerances, and the circuits they supply. Test
point locations are shown in Figere 4-2, Cheek
each of the power supply voltages using the lollowing
procedures:
. In-Guard Supply
Conneet the common lead of a DMM 10 In-
Guard Common. Measure each of the three in-
guard voltages (+5V, +i5V, -15V). Each supply
~voltage should be within the tolerance indicated
in Table 4-2.
2. Out-Guard Supply
Connect the common lead of the DMM 1o Qut-
Guard Common. Measure the outguard +5V
supply. It should measure within the tolerance
indicated in Table 4-2.

NOTE
By clipping jumper wires, you cai remove the
13 volr supphy to the RMS-10-DC Comverter
awires W3 and W4 )and Ohms Converter (wires
WIG and Wil). This should only be dane 1o
help locate a fuuli which is overloading the =13
volt supplies.
4-23. ANALOG TROUBLESHOOTING
4-24, A list of test points for troubleshooting the analog
section of the #860A is-shown in Table 4-3. Verify the
overall operation of the analog section by confirming the
presence of these voltages. Ifa voltage is incarrect. makea
detailed check of the indicated circuit location or section.
Procedures for troubleshooting the individual analog
sections are given inthe following paragraphs, The sections
are cavered in the following order:

¢ AC/DC Scaling
e RMS-10-DC Converter
e Ohms Converter
® Precision Voltage Reference
o A/D Converter

NOTE
The Aj D & Ohms board can be operated with
the AC{DC Scaling board remaoved; however,
the reverse is nol frue. DO NOT TRY TO
OPERATETHEAC/DCSCALING BOARD
WITH THE AJD & OHMS BOARD RE
MOVED. (The AC/ DC Secaiing ground comnec-
tions are made on the A] D & Ohms board.)

4-25. AC/DC 3caling
4-26. The following procedures assume that the signal

-path from the front panel INPUT terminals to the AC, DC

Scaling PCB has been checked and is operating properly,
The AC/DC Scaling Extender Card is necessary for the
following procedures.

4-27. The AC/DC Scaling circuitry is functionally di-
vided into two parts, the Front End and the Amplifier
Section. o
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Figure 4-1. Troubleshooting Approach
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Table 4-1. Distingulshing Analog and Digital Faults at Front Panel

ANALOG FAULT

An analog fault exists if a measurement reading is incorrect, but the following functions operate correctly:

" Front panel indicator lights respond properly when a measurement function is selected (e.g., switch from
VDC to VAC to 02T).

.-+ Decimal point is positioned correctly in response 10 a range change.
_s—Annunciators {mV, V, £, k0, M) light up properly for each function and range.
f/—A humber can be stored and recalled from the High, Low, or Offset registers.

Analog faults are located inside the guard on one of three pcbs:
¢ Main PCB Assembly

e« AC/DC Scaling PCB Assembiy

s A/D and Ohms Converter PCB Assembly

DIGITAL FAULT

A digital fault usually exhibits at least one of the following svmptoms:

Display appears faulty; reading does not change or display segments do not light.

One digit is bright, others are off.

All display and indicator lights are off.

instrument fajls to respond to a front panel push button.

( I Digital faults are located on one of four PCB Assemblies:
- e Controller PCB Assembly

s Display PCB Asssmbly

¢ Main PCB Assembly

¢ Option -004 or -005 PCB Assembiies

1. The Front End includes: 4-29. Excessive leakage current in the front end JFETs
a. Input Divider Ut and associated capacitors can be pinpointed using the following guidelines:
b. Voliage clamp circuit 1. Leakage in a JFET adversely affects a circuit
c. JFE’T 5“’i_wh‘f$- including Al only when the JFET is off (not conducting).
d. Active Filter U3 2. The leakage path may be from drain to source.
. . L preventing a fully off condition, or from-gate tc
2, - The amplifier section includes: SOWICE. :

a. Dual JFET Q17 and amplifier U14
b. Bootstrap Amplifiers Q16 (with U5} UbA.
and L6B

3. ldentify and inspect those JFETs that are off
when leakage symptom is present. Forexample.
if a dc offset disappears when the filter is enabled

4-28. Proper waveforms for the AC/DC Scaling board (Q11 on), then QII is probably defective.

are shown in Figure 4-3, for a +1V de input, VDC. These - 4-30. RMS-to-DC Converter
signals are referred to in Table 4-4, which lists typical fault 4-31. Table 4-5 lists some general fault symptoms and
symptoms for the AC/DC Scaling PCB. When trouble- corrections for the RMS Converter. Detailed procedures
shooting frequency response problems, voltage test mea- which may be used to check various functional aspects of
; -tementscan load thefrontend circuitry. Toavoid circuit the RMS Converter are given in the following paragraphs.
\__ading, measure front end voltages only at the specified ~ The first procedure checks the VAC+VDC function. The
test points. Voltages below 2V rms may be injected at second checks the VAC function, If a fault is identifiec.
various points in the front end (e.g., AI-17, Al-6, Al-9) investigate the compenents that precede the test point
and measured at appropriate test points. location.

4-4
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Table 4-2. Power Supply Assignments
(Troubleshooting Section, Power Supply)

POWER SUPPLY

TEST
POINTS TOLERANCE

SUPPLIES ONLY THE FOLLOWING CIRCUITRY

In-guarc  +15V TP3

(relative to inguard
commen, TP2)

14,25V to 15.75Y

-15Y TP4 ~14.25V to -15.75V

On the AC/DC Scaling PCB (A4):
all circuitry except comparator reference level

{R40, R41)

On the A/D & Ohms PCB (AB):
all circuitry except U21 and comparator reference
level (U20)

in-guard +5V

(relative to inguard
common, TP2)

TP1 47V t0 5.3V

On the Main PCB (A1)
<15V supply (U1)
in-guard processor (UB)
opto-isolator circuitry (U5)
relay coils (K1-K4)

On the AG/DC Scaling PCB (A4):
comparator reference level {R40, R41)

On the A/D & Ohms FCRB (A5):
binary to 1-of-4 decoder {ua1)
comparator reference levels (U20)

QOut-guard +5Y TP5

(relative to outguard
comtncn, TPB)

47V to 5.3V

On the Main PCB (A1)
opto-isolator circuitry {U2)

The entire Display PCB (A2)

The entire Controller PCB (A3}, which includes:
outguard processor
local ROM

‘external-trigger one-shot
associated latches, flip-flops, and drivers

The entire Calculating Controtler Cption (-004)
The entire IEEE-488 Interiace Option (-005)

the: The test points are labéled on the schematic, but not on the circuit board itself.

4-32, This procedure functionlally checks the RMS Con-

verter by

tracing a dc signal through the converter while the

dc-coupled VAC+VDC funciion isenabled. Set the 8860A
to the VAC+VDC function and the 2V range.

L.

Apply +1.000V dc between the HIl and LO
INPUT terminals of the 8860A.

Using the test DMM, measure TP5 on the
AC/DC Scaling PCB. The measurement should
be within 10 mV of the input value.

Move the DMM input to test point E2, the input
to the RMS Converter. The voltage measured
should be the same as that at TPS.

Measure the voltage at TP3, the output of US. It
should measure approximately -1.6V.

Reverse the polarity of the input signal and
measure the voitage at TP3 again. It should

measure approximately +1.6V. If tests 4 and 5
fail, U8, Ul5, CR6, or CR7 may be at fault.

6. Meagure the voltage at TP2. It should be ov

+20mV.

7. Measure the voltage at TPIL. It should be

-1.2V 0.1V,

8. Measure the voltage at UI9A-1. 1t should be

+5.0V +25mV.

9. Measure the voltage at E3. It should be +1.0V
+5mV. An offset may be present since auto-zero
is not functional for VAC+VDC measurements.

This procedure functionally checks the RMS

Converter by tracing an ac signal through the converter
while the VAC function is enabled. Set the 8860A to the
VAC function and the 2V range.
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Table 4-3. Quick Check to Locate Faulty Analog Circuil

TEST POINTS ON THE MAIN PCB

Use these test points to check the sig

AC/DC Scaling PCB:

nél path from the front panel input terminals, through the input relays, to the

TEST POINT VOLTAGE UNDER THESE CONDITIONS:

TEST
POINT LOCATION 1V DC INPUT, 1V rms @ 300 Hz INPUT,
VACHVDC, VAC, 2V RANGE
2V RANGE
E2 Junction of W6 and R7 1V dc —
E19 Junction of W11 and L2 1V de —
{checks K1) )
E29 Junction of K3 and W12 1V dc —
{checks K3} )
E1g8 Checks K2 — 1V rms
TEST POINTS ON THE AC/DC SCALING PCB
TEST POINT VOLTAGE UNDER THESE CONDITIONS:
TEST
POINT LOCATION 10V DC INPUT, 10V DC INPUT,
VvDC, 20V RANGE VACHVDC, 20V RANGE,
TRIG ARM ENABLED TRIG ARM DISABLED
TP8 AC/DC Scaling (output of 100 mV dc +/-26 mv* 100 mV dc +/-256 mV*
JFET bias amplifier) '
TF5 AC/DC Scaling (Orutput of Qv dc +/-10 mV* 1V dec +/-10 mv~
scaling amptifier)
TP2 RMS Converter oV dc +/-20 mV* oV dc +/-20 mV”
(U16 inverting input)
TF3 RMS Converter {Output of oV dc +/-500 mv”* Approx. -1.8V dc
absaolute value converter) (Will be very noisy)
TP1 RMS Converter (Output of — Approx. -1.2V dc
2% log amplifier)
E3 RMS Converter {Output of oV dc +/-5 mV 1V dc +/-5 mV*

RMS Converter)

*These are dc offset voltages; the tolerances are approximate. Steady,

than accuracy.

noise free readings are more important
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Table 4-3. Quick Check to Locate Faulty Anaiog Circuit {cont.)
TEST POINTS ON THE A/D & OHMS CONVERTER PCB
TEST POINT VOLTAGE ACCORDING TO RANGE
TEST CWITH THE INPUT TERMINALS SHORTED
2000/ 2 k) 20 ki 200 ki) 2 M 20 MD

U1-10 Ohms Converier 8.6V 71V 8.95V 0.60V

io to to to

arv 7.3V 7.05V 0.71V
TPS Ohms Converter 7.00V below the reading at U1i-10
Uio-2 Precision Reference -0.59980V fo -1.00000V dc
uio-3 Precision Refarence 5478V to -B.4B2V dc

Enable the TRIG ARM functlon before measuring the foilowing test points:

TP A/D Converter oVdc +/-50 mV
TP12 A/D Converter ov dc 4-/-50 mV
TP13 A/D Converter ov dc +/-50 mV

I3

Turn the BBBOA power off, and remove thé AC/DC Scaling PCB. Turn the power back on, and select the VAC
function, 2V range. Temporarily connect A2-7 (A/D input) to U10-2 (-1 voit reference)} with a clip-lead wire. The
display reading should be a value from 98960 to 1.00020. Reinstall the AC/DC Scaling PGB after this test.

1. Apply a 1V, 100 Hz sine wave to the 8860A
H1 and LO INPUT terminals. Using a scope,
moniter TPS on the AC/DC Scaling PCB. The
ac input should appear &s a clean, undistorted
sine wWave.

9. Move the scope probe to TP3 of the absolute
value converter. The signal should appear as in
Figure 3-4 (TP3).

3 Maove the scope probe to TFI of the 2X Log
Amplifier. The signal should appear as in Figure
3.4 (TP1). The waveform should be free of
oscillations and noise. Waveform symmetry is
not critical. If the waveform is not correct the
nroblem is in the 2X log amplifier, the log feed-
back amplifier, or the antilog amplifier.

4. Using the DM M, measure the dc output vollage
of the RMS-to-DC converter at E3. It should
measure +1V dc with anapplied input of 1Vrms
ac.

434, The following tests should be performed if the
R MS-to-DC Converter is functional but will not calibrate

- —gperly:

1. Short the 8860A input terminals. Select YAC
function, 20V range.

5 Measure the voltage at TP5. It should be 0 £0.01
mV dc.

3. Measure the voltageat TP2. It shouid be 0 +0.01
mV dc. '

4. ‘Using a scope, check TP3 to see that R46 can
provide adjustment on either side of zero. If the
adjustment is not possible, U15 or the 2% log
amplifier may be at fault.

4.35. Ohms Converter

4-36. 1If the voltage at point Ui-~10 is outside the values
given in Figure 4-3 the Ohms Converter is at fault. To
isolate the fault, temporarily disable the feedback loop by
connecting a short across R4 with a clip lead. Then check
the operational amplifier by placing a short across the
2860A INPUT terminals, selecting 02T function and 2
MQ range, ang shorting TPY on the Ohms Converter to
(ES). In this configuration, pins 26 and 29 of hybrid Al
should measure within 10 mV of each other (at approxi-
mately +12.75V dc). Also, the voltage at U4-6 should be
within 7 mV of TP9.

NOTE
Disconnect the jumper from TP and E3
before continuing.

4-37. The reference current can be tested by checking the
voltage between TP$ and the cathode of CR1 while the
8860A is on the 2 KO range. The voltage shonld-be 7.00V
de. (The short across R4 may be left in place.) JFETs Q8

ST
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Figure 4-3. AG/DC Scaling Waveforms

and Q9 on the Main PCBare important for leakage control
as well as protection. If either J FET leaks excessively,
readings on the high-resistance ranges will drift during
Wwarn-up.

4-38. If the Ohms Converter malfunctions only on certain
ranges, then the output voltages from U6 and U7 should be
checked, Usé the switch state table shown with the Ohms
Converter schematic in Section 8.

4-39. The voltages across the Ul resistors 7.017, 70.71,
and 778.9 kilohms should be 7.00V de when the associated
range is selected, and 0.00V de otherwise. Each resistor can
be checked in-circuit for the correct resistance value with
an ohmmeter when either the M) or 20 MQ) range is
selected. Isolation between pins 9, 12, and 16 on Al can
also be measured with either the 7 MO or 20 MQ range
seiected. For example, the resistance petween pins 12 and
16 of Al should be approximately 77.8 kilohms, which is
the series value of R3,70.71 kilohms and 7.017 kilohms.

4-40. Precision Yoltage Reference

4-41. Voltage readings at pins 1,2 and 3 of resistor
network U10 should be within the following limits. Refer
to the theory of operation {Precision Voltage Reference)in
Section 3for helpin troubleshooting the valtage reference.

1. UIlo-I: 0.0V
2. Ulo-2: 1.0V 00 uV
3, U10-3: 648V 1 mV

4-42. The reference amplifier U22, and resistors R4! and
R42 must be replaced as a set if U22 is faulty. After U22is
replaced, perform the jumper selection procedure given at
the end of this section under Post Repair Procedures.

4-43. A/D Converter

4-44, Troubleshooting information for the A/D Con-
verter is presented in four parts. First, a list of possible
problems and symptoms is given in Table 4-6. This is
followed by a functional check of the A/ D Converter with
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Table 4-4. Typical Sympioms of AC/DC Scaling Faulis

SYMPTOMS

INSTRUCTIONS OR COMMENTS

DC PROBLEMS

1. Input bias current at front panel
terminals exceeds 100 pA*

2, Downscale performance in VDG,
200 mV and 20V ranges is out of
specification

3. Downscale, low frequency signals
read ioo high on200 mV range of VAC
but not in VACH+VDC (see following
note}

Symptom may indicate excessive leakage currenl in a JFET (dual
JFETs Q16 and Q17 are usually not at fault}. [f the faulty JFET is
lacalized to hybrid A1, replace the entire hybrid assembly. Otherwise,
replace discrete JFETs one at a time until the fault clear. Use the guide-
lines mentioned in the preceding paragraph to identify leaking FETs.

NOTE

InVAC and VAG-VDC, the display will indicate a reading (typically less than 400 counts[n the
200 mV range) even when the input is shorted. This reading will not affect the rated accuracy
over the specified input range and does not indicate a fault condition.

4. VDT function inoperative,
VAC operative

AC PROBLEMS

1. Excessive peaking of frequency
response on the 20, 200, or 700 VAC
ranges

2. Poor frequency response on the
200 mV or 2V range, VAC ’

Check for the presence of the waveforms shown in Figure 4-3.
Check operation of the INT, INT, or A1-D JFETs.

Check the voltage at TP8. Ii it exhibits peaking, then the faultis ahead
of the scaling amplifier in the front end. Check both Q6 on the AC/DC
Scaling PCB and Q13 on the Main FCB.

Check R10, R11, C8, and the JFET switches in the front end. Check
UBB and C17, and the voltage at TP7; it should be approximately 2 X

Vin, Check the ON resistance of Q12 and Q18. It should be less than

30 ohms.

sponds to a 100 pA input bias current

*To measure input blas current, select VDC and the 200 mV range, short the input terminals anc note the display
reading. Remove the short and replace it with a 1 megohm resistor in paraliel with 0.1 uF capacitor. Note the
new reading. A large difference between readings indicates a large input bias current. Caiculate the bias current
by dividing the difference between voltage readings by 1 megohm. For example, a 100 uV difference corre-

2

B

autozero enabled. Next, timing diagrams and wavelorms
are givenfora properly operating A/ DD Converter. Finally.
a few useful troubleshooting tips are given.

4-45. INITIAL A/D CHECK IN AUTOZERO
4-46,  Enable the autozero mode by pressing FCN. then
TRIG ARM on the front panel, or by changing the setting
of switch S3, as shown in Figure 4-6. Measure the voltages
at TP11, 10,and 12. If they are within the following limits,
autozero is working.

I. TPII should read OV =25 mV dc.
2. TPIO should read OV =10 mV de.

3. TPI2should read OV £10 mV dc;its ac-coupled
rms voltage should be less than I mV ac.

4-10

4-47. A/D TIMING DIAGRAM
4.48. A timing diagram for the switching JFETs in the
A, D Converter is shown in Figure 4-4.

4-49. A/D WAVEFCRMS

4-50.  The wavelorms fora functional A [ Converter are
shown in Figure 4-5, These wavelorms accur when the
8860A is operating in the continucus mode rather than
locked into the autozero mode.

4-51. With +1V dc applied to the 8860A INPUT termi-
nals. the wavefarm at TP11 should appear as shown in
Figure 4-5. There should be no droop or rise in vollage
during the INT {integrate) or DE (discharge) periods.
Droop can be caused by either a leaky or shorted JFET or
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Table 4-5. Typical Symptoms of RMS Converter Faulis

SYMPTOMS

INSTRUCTIONS OR COMMENTS

1, RMS Converter does not respond

2. RMS Converter is functional, but
the reading is noisy.

3. Poor downscale performance on

Check voitages at TP3 and TP1 as described earlierin this section under
RMS-to-DC Converter. If the voltages at TP3 are incorrect, the problem is
usually in the absolute value circuitry. If TP1is incarrect, the problem is
probably in the 2X log amplifier, the log feedback amplifier or the anti-log
amplifier. If U17 or U20 reguire changing, jumpers W5 through W8 need
10 be reconfigured. Refer to the Post Repair Procedures at the end of this

_section for the jumper replacement procedures.

U15 may be defective. Also check 116, UB and the logging arrays (U17
and U20).

Check calibration adjustments for TP5 {(R27), RMS Zero (R46), RMS

all ranges.

offset (R54), or R73. Also check U15 and U19.

Table 4-6. Typical Symptoms of A/D Converter Faults

- T.hw;“;%

" SYMPTCM

POSSIBLE CAUSE

1. Incorrect Scale Factor

2. Nonlinear Response

3. Persistent Overrange Indication

4. Unstable (Noisy) Reading

6. Full Scale Fesding Not Possible

e Precision reference malfunction.
» Q10 faulty or has drive signal missing.

+ One or more JFETs on the A2 hybrid are faulty.
e AZ2 or Delta-2 operation is fauity.

Precision reference malfunction.
Integrator, slope amplifier, or A/D comparator malfunction.

Faulty op amps or JFETs within the autozero loop. C7 may also be
defective.

5. Excessive Offset s Faulty JFETs in the autozero loop, or drive signals missing. .
« Q8 or Q9 faulty, or their drive signals are absent.
» Oiffsetis not properly adjusted.

« Integrator malfunction or faulty operation of Q4.

‘?_' iy

by a defective JFET driver (U15-UI7). The figure also
shows the correct response to a +1 mV dcand a +1.9V de
input. Notice that the DE width varies in prop ortion to the
magnitude of the input signal.

4-52. The waveform shown in Figure 4-5 for the junction
of C7 and Q5 is the signal that should appear at the
integrator summing junction with inrange and overrange
inputs. Improper response to overrange inputs suggests a
malfunction during AZ2, particularly of Q4 or its driver.

4-53. The waveforms shown for the junction ol R47 and
Q5 givea quick check of JFET Q5 and transistor Q12. The
pulses occur during the two Delta-2 periods.

4-54. The two TPi0 waveforms of Figure 4-5 show the
normal signal at the integrator output for inputs of +1V de

and overrange. Note during overrange that the voltage
returns very rapidly to zero during the AZ2 period.

4-55. The two TP12 waveforms of Figure 4-5 show the
signal that should be present at TP12for +1V dcand 0.0v
dc (shorted) inputs. Voltage limiting is caused by diedes
CRS, 6, 8,and 9. When the input voltage is zero, one of two
waveforms is presentat TP12, depending on the sign of the
display (+0.0 or -0.0). The voltage at TP12 should not

“change more than 3 mV during the integrate period.

4-56. A/D TROUBLESHOOTING TiPS

4.57. Signal paths zhead of the A/D Converter can be
bypassed by removing the AC/DC Scaling board and
applying de test voltages to A2-3 for VDC and A2-7 ior
VAC. When VAC is selected, no polarity sign appears.

4-11
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AUTOZERO INTEGRATE DISCHARGE NEXT -
PERIOD  PERIOD PERIOD AUTOZERO _
le wle : i
INT r 'DE L
AZZ2—m ‘4' 1Y) A9 —P AZ2
(I‘I? (2) i
HYBRID  HYBRID e | ! L
JFET PIN NO. b ,: ; !
b I ! 1
| 1
oN |y ON
A2-F 17 —15V L - | -
[ I V
b = | i
el | -
. L ON (FOR VDC, 2T, 24T ONLY) L
A2-C 4 ~15Y j i I| : :
L | : % o
e i
r I ON ' {FOR VAC, VAC+VDC ONLY) =
A2- 6 —15V I w l
L ' { [
il ——— — — — —— — o
L H T i
i1 i ON ] (POSITIVE INPUTS)
1] 11 {
L N ikt 1
: | ! l ON (NEGATIVE INPUTS IN VDC}
AZ-G 21 —15V —— T
T ;
ON 5 |_| ON
AZ-H 13 —15V i : 1T : 1
[ ] 11 . 1
AR :
NOTE: . !
1. Each JFET timing diagram represents the gate veltage. [n the high state
the gate is pulled up to the same voltage as the JFET channel.
2. The transiticns with dashed lines are conditional .as indicated.
3. Hybrid JFET A2-A1s ON and stays ON as long as EXT. REF. is selected.
Hybrid JFET A2-B is ON and stays ON as long as EXT, REF. is not seleciad
4, The lengths of the A 2 periods are exaggerated for clarity.
- !;*‘j:l

Figure 4-4. Timing Diagram for A/D Converter .JFET‘s,
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BBBOA
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Y
INT | o
~ +1V DCINPUT oV ! AZ
| I
v (1 DE
1 |
VINT o !
+1mV DC INPUT } AZ
I § DVW
| +—DE
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‘ U
FETV .
INT T !
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L +1.9V DC INPUT o : Az
-3V 1o |
1 Y
1 by i
L |
] |
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I I |
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I 1
: [
1
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| 1]
e
— 22
w3y L1l 2,
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' -7V __Iﬂ_: i
JUNCTION OF R47 & 05 +3V E | l 1
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Figure 4-5. Signal Waveforms in A/D Converter
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Figure 4-5. Signal Waveforms in A/D Converter (cont)
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4-58. Opmation in the 4% or 3l digit mode makes the

- A; Deycle casicrio observe, duc o the higher sample rate.

To select the 314 digit mode. set switch S1 1o the TMI
position, This switch, shown in Figure 4-6,is located on the
top edge of the Controller PCR.
NOTE

Be sure o retarn both §1 and S3 slide switehes

1o NORM dafier trouble shooting. Orherwise

the instrument will remain in autpzero orin the

26 digir mode.

4-59. DIGITAL TROUBLESHOOTING OF BASIC
INSTRUMENT

4-60. General troubleshooting information for the digital
section of the B860A is given in Table 4-7. The table
pravides @ list of solutions for peneral symptoms. The
symptoms are separated inio two calegOrics; Error message
displayved or no error message displaved, Error code
descriptions {fallow the table.

4-61. Error Messages

4-62. Basic instrument error mesages fall into two cate-
gories: user errors and internal DMM errors, Lser errors
can generally be corrected at the front panel, They are:

Err 10 — External reference has been selected. but
the -007 aption circuit board is not installed. To
correct. install the option or cancel the selection.

Err 11 — Front panel ZERO function has been
atteynpted. but the input is greater than the allowed
yange of 299 uV or 98 m{L. To correct. verify that
the input terminals are shoried.

Err 13 — Exponent magnitude is too large, This
occurs when attempting to enter a number which
exceeds £1,99995 X 109 into the High. Low. or
Offset register {e.g.. NUM 2 EEX 99 FON STORE
HIGH).

TOP VIEW
] | I
FRONT REAR
82 83 51 —
I o — |
// =] =] %

7
/L

Note:

TM1-3%digit made
NORM~—Normal operation (4% or 5% digt mode}

TMO— Locks 8860A into Autozero
NORM—Normal operation

1. 1f, while $3 (TMO} is set to Autozero, power is turned off and back en,
the display will remain blank. Correct by switching S3 off and back on.

2 Switeh 82 is set for the ac line frequency :50 or 60 Hz} to maximize
line reiection for the 4% digit mode.

Figure 4-6. Slide Switches Used in Troubleshooting
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Table 4-7. Digital Troubleshooting of Basic Instrument

This table is divided into two sequences: choose the first if an error message is displayed, or the second if an error
message is not displayed. Both sequences assume that the fault is digital and not analog. Perform the steps in
sequence; stop when the fault disappears. Remove the 8880A from line power before unplugging printed circuit

boards or removing components.

IF AN ERROR MESSAGE IS DISPLAYED (Err 12, 14, 15, 16, or 17), the fauit is confined to the guard-crossing
circuitry, one of the microprocessors, or the interconnections:

SUSPECT AREA

INSTRUCTION

. Loose Connector

2. Power Supply (Main PCB)

3. Qut-guard Microprocessor {U2 on

Controller PCRB)

4. In-guarc Microprocessor (U1 on

Main PCB)

5. Guard-Crossing Circuitry {on

Main PCB)

6. /0O Expander (U3 on Controller

PGB)

Remove and reseatthe Controller PCB (in case it was jarred loose from
its connector). Check to see if this clears the fault.

Measure the +5V out-guard supply voliage. It should be +4.7 to +5.3V
dc.

Reptace U2, observing static precautions.

Replace U1.

With any of these errcr messages. transmissions between micro-
processors will stop. Test each opto-isolator individually, as in Table
4-8, and observe the waveform at the noted test point. A good opta-
isolator will produce an inverted 5V square wave at the test point.

Ifthe fault has still notcleared, check the PROG control line {pin7}and
data lines {pins 8, 9, 10, 11), Replace this device (U3) if any lines are
stuck high or low. (Access these pins from the non-component side of
the board.)

IF NO ERROR MESSAGE [S DISPLA
probably good. The faultis instead on &

YED, then the in-guard microprocessor and guard-crossing circuits are
ither the Controller or Display PCB. Thefollowing sequence of steps checks

all integrated circuits, U1 through 11, on the Controller PCB. Perform these steps in sequence:

SUSPECT AREA

INSTRUCTION

1. Connector or Slide Switches

{on Controller PCB)

2, Digital Option {-004 or -005)

3. Power Supply (on Main PCB)

4, Out—guard Microprocessor

(U2 an Contrecller PCB)

5. Crystal

Remove and reseat the Controller FCB (in case it was jarred loose from
its connectors). Also make sure that slide switches 31 (TM1/NORM)
and 53 (TMO/NORM) at the top edge of the board are in their normal
position {(NORM}.

If present, remove the option PCB {Calculating Controller or |EEE-
488). If the fault clears, troubleshoot the aption assembly using the
pracedures given in Section 6 of this manual.

Check the output of the 45V out-guard supply. 1t should be4.7V t05.3V.

Replace U2 cbserving static precautions. Check pin 4, the reset line. [t
should be at +5V after power up; if stuck low, Ct may be defective.

Check line ALE (pin 11 of U2} for a400 kHz square wave. Ifthissignal is
not present, crystal Y1 or capacitors C2 or C3 may be defective, Check
either pin of the crystal for a 1V pk-pk sinusoid, 6MHz waveform.
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Table 4-7. Digital Troubleshooiing of Basic insirument {cont)
l SUSPECT AREA INSTRUCTION
6. Display PCB If one or more of the 7-segment display digits never light up, check pins

7. Bad LED Display Segment

8. Segment Drivers

9. Local Program Memory {(ROM)
{8 on Controller PCB)

10.Control Lines (on Controller PGB}

11.Data Bus (on Controller PCB)

12.Address Latch (U10 on
Controller PCB)

13.Resistor Network {U8 on
GController PCB)

14.External Trigger

2.4, and 6 of U7 onthe Controller PCB foracilvity (these lines scan the
display and keyboard). If all lines are switching, the Gontroller PCB is
probably good; check the Display PCB, devices U1 and Q1 through Q8.
All U1 outputs should be switching. Also make sure the Controifler and
display PCBsare firmly seated intheir conneciors. {fat least one of pins
2,3, or6 of U7 (on the Controller PCB) is stuck high or low, suspect the
Controller PCB, especially devices U3 or U7. Check the corresponding
input pins of U7 for activity.

Replace the 7-segment digit.

[fthe same segment on all digits is out, suspect segmentdriver Ud orUs
an the Controlier PCB. Also check the series resistors L6, R4, R5, RE,
and the connector (P2).

Replace it a spare is available; check to see if fault has cleared.

With a known good out-guard microprocessor in piace, look at the
control signals PSEN, ALE, and PROG generated by the processot; all
should be switching. If one is stuck high or low, remove the {Cs con-

nected to that ling until the line is freed.

Check the data bus for a stuck ling; all lines should be switching.Ifalineis
stuck high or low, suspect U3 or U10. Check U10 as described in step 12.

If you suspect that address latch U10 is faulty, use a dual-trace scope to
check its operation. Trigger the scope on ALE and look at the input and
output of each bit. If ALE and the satch are working properly, the output
follows the input value when ALEIs high and latches when ALE goes low,

Check U8 for a bad resistor, using & low-voliage chmmeter (to prevent
diode turn-cn). With U8 in the circuit, all resistors should measure
somewhere between 5 k£ and 40 k. '

U11 and half of U1 is used to conditicn the external trigger signal (the
other half of U1 is used to condition a signal from a digital option). If
devices U1 or U11 are faulty, they will not hang up the instrument unless
U1-13 is low. This pin should be high when a digital option is not present
in the instrument.

Err 18 — An input or offset value exceeds 1999.99V
or 19.9999 M. To correct, reduce the value 10 an
acceptable level.

4-63. Error numbers 12, 14, 15, 16, and 17 represent
‘ernal DMM errors, and when they persist, gencrally

t.. .dicate a hardware failure in the guard-crossing. Hard-
ware faults associated with these error codes are confined
to the opto-isolator circuitry, the in-guard microprocessor,
the I; O Expander U3, the out-guard microprocessor, or
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the paths connecting these devices. The troubleshooting
procedure is basically the same for each of these errors. and
is given in Table 4-7. (A high input voltage transient may
cause an Frr 14, 15, 16, or 17 to be displayed for up to 4
seconds. This is not considered a fault condition.)

4-64. When the in-guard and out-guard microprocessors
communicate, they check the accuracy of the transmis-
gion in each direction: Err 12, 14. and 15 indicate errors in
communication {rom in-guard to out-guard circuits: Err 16
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. Table 4-8. Testing Guard-Crossing Circuitry

1. For out-guard toin-guard circuit paths:

a. Remove the Controfler PCB from ccnnector J3.
b. Checkthe clock path by applying a square wave (C to+5V) to J3-15, and, using a scope, observe the
resulting waveform at U6-14. Record the propagaticn time,
C. To check the data path, repeat step b using J3-13 as the input and U6-15 as the output.
2. For in-guard to out-guard circuit paths:
a. Remove UB (the in-guard microprocessar) and the Gontroller PCB from thetr sockets.
b. Check the clock path by applying a square wave (0 to +5V) to UB-12, and, using a scope observe

the resulting wavefarm at U2-1. Record the propagatian time,
C. To check the data path, repeat step b using UB-13 as the input and U2-2 as the output,

3. The measured propagation times of the two paths should differ by less than 7 us. A greater difference will cause
occasional transmission errors. A difference greater than 15 us will cause a continuous error message to be

displayed.

4. Measure the voltage at pin 4 of each opto-isalator with the square wave applied as in steps 1 and 2. The high level

should be at least 0.42V.

5. If either the propagation delay or the voitage level requirements are not met, replace the opto-isolator.

and 17 indicate errors in communication from out-guard
to in-guard circuits.

Err 12 — Measurement data received by the out-
guard microprocessor from in-guard circuitry i not
BCD. The out-guard microprocessor receives measure-
ment data bit-by-bit. Every four bits is verified as a
BCD character (0-9). If a hexadecimal character (A,

B, C, D, E. or F) occurs, for whatever reason (e.g..
bad data or lost synchronization), Err [21is declared.

Frr 14 — The out-guard microprocessor cannot start
receiving data from in-guard circuitry. After trans-
mitting command data to the in-guard circuits. the
out-guard microprocessor waits up to 3.5 seconds in
remote or 4.2 seconds in iocal for the in-guard
microprocessor to respond. This is enough time for
any complete measurement cycle. If the out-guard
microprocessor does not receive & message or receives
a wrong message, it declares Err I4.

Err 15 — The out-guard microprocessor has received
either invalid data or no data. If, after the in-guard
MICroprocessor starts transmitting, the out-guard micro-
processor receives the incorrect ciock bit, or has to wait
longer than 518 us for data, Err 15 is declared.

Err 16 — The out-guard microprocesser cannat start
transmitting to the in-guard microprocessor. When
the out-guard microprocessor is ready to transmit to
the in-guard circuit, it $ends a ready message. If the
in-guard microprocessor does not echo the message
within 3.4 secends, Err 16 is declared.

Err 17 - A transmission crror [tom the out-grard
microprocessor to the in-guard microprocessor has
occurred. When data is sent to the in-guard micro-
processor, each bit is echoed back to the out-guard
microprocessor. The in-guard microprocessor must
correctly echo cach bit within 495 ws, or Err 17 is
declared.

4-65. Messages arc transmitied across the guard using

“parailel clock and data lines. The clock bit toggles with

each transmitted data bit. As a data message is sent. the
receiving mICrOprocessor reniens {cchos) the data and
clock bits to the sender for comparison. For instance. if
the out-guard microprocessor transmits data bit 1, the in-
guard microprocessor sends back data bit I This echo
assures the out-guard microprocessor that the message was
correctly received, The data echo oceurs for cach bit
transmitted in either direction, Error 15 or 17 is declared
when an echo bit dilfers [rom the bit sent.

4-66. Error codes 14 and 16 usually cccur when the
microprocessors have lost synchronization. and a trans-
mission cannot getstarted. Errors 15and 17 mean that the
microprocessors started in syne, but then lost a bit. The
out-guard microprocessor is the master. and the in-guard
microprocessor is the slave. Whenever the echo time period
elapses, the in-guard microprocessor defaulis to receiving.
while the out-guard microprocessor defaults 10 trans-
mitting.

4-67. Error messages are buffered one deep. 1M for
example, two errors oceur and clear within milliscconds of
each other. both errars will be displayed. one after the
other. for approximately 1.1 seconds cach.
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4-68. TROUBLESHOOTING AIDS
~69. Visual inspection

4-70. Visual inspection can sometimes quickly locate
instrument faulis, saving troubleshooting time. Use the
Disassembly procedure presented earlier in this section to
remove the top cover. Carelully inspect each circuit board
for:

joose or broken wivzs and component leads
improperly seated plug-in assemblics
physically damaged components
discoloration due to arcing or overheating
discolored or burnt capacitors or resistors
cracked or bulging resistors, diodes, thermistors

* @ = o 2 @

4-71. Short Circuit in Power Supply

4-72. Current Tracer probes, such as the HP 547A, are
usually the best way to locate a short that loads the power
supply. To locate such a short, start at the output of the
power supply and move the Current Tracer along the
supply output path until the short is found. The Current
Tracer will glow brightest at the terminal of the shorted
component. Shorted logic elements are more difficult to
locate because of the small currents involved.

4-20

4-73. Intermitteni Faults

4-74. To locate intermitient and lemperature induced
faulis, allernately warm and cool the suspeet circuits. A
heat gun and a can of aerosol circuit cooler are recom-
mended as the heating and cooling agents.

4-75. Connectors with Poor Contacls
4-76. 1 connectors are suspecied of making poor contact,
clean the circuit board fingers by rubbing them with a
cotton swab moistened with isopropylalcohal. Do not use
abrasives to clean the gold-plated comacts.
4-77. POST REPAIR PROCEDURES
4-78. The E860A contains a series of Jactory selected
jumpers in the RMS Converter and the Precision Voltage
Reference circuits. After either of these circuits have been
repaired by parts replacement, it may bec necessary to
change their jumper settings. The parts that affect the
jumper settings are as fallows:

e RMS Converter U17 or U20

®  Precision Voltage Reference  UZ22
4-79. Instructions for verilying and or relocating the
jumper settings are given in Tables 4-9 and 4-10. Table 4-9
contains the procedure for the RMS Converter. The
procedure for the Precision Voltage Reference is given in
Table 4-10.
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Table 4-9, Jumper Selection, RMS Converler

. After replacing U17 or U20 on the hMS Converter, use the following procedure to verify and/or select the jumper
j locations:
1. Locate the row of sleeved jumpers adjacent to U18, the RMS resistor network.
2. ‘Solder short lengths of solid wire in place of any jumpérs that have been previously cut.
3. Install all pcb assemblies, and turn-on power to the 8860A.
4. Connect a short between the 8860A INPUT ferminals, and select the VAGC function, 2V range.
5

_ Connect a DMM between the INPUT LO terminal of the 8860A and each of the following test points on the AC/DC
Scaling PCB Assembly. At each test point measure the dc voltage. If necessary, bring the voltage within fimits by
making the indicated adjustment.

Test Point Adjustment DC Voltage Reading
TPS R27 Buffer Ofiset 0.0 +/-02 mV
TP2 R54 RMS Offset 0.0 +/-0.2 mV

R TP3 R46 RMS Zero 0.0 +/-100 mv*

‘ rﬂ *Reading will be unsteady.

6. Disconnect both the DMM and the short across the INPUT terminals.

7. Conrect an AC Calibrator with a 1V, 200 Hz output to the 8860A input terminals.
8

9

_:;: e,

. Centerthe 1V, 200 Hzadjustment (R67) and the 10 mV, 200 Hz adjustment {R73). Record the 8BB0A display reading.

. Use the recorded reading and the list at the end of this procedure o determine which jumpers need to be cut.
10.Turn off power to the 8860A, remove the‘AC/DC Scaling PCB, and cut the appropriate jumpers.
11.Install the PCB in the 8860A, and perform the calibration procedure {(see the Calibration Manual).

[

’1 RECORDED DISPLAY JUMPERS
| READING W5 we w7 w8
1.00339 to 0.99664 _— _ S -
0.99563 to 0.99497 —_— —— _ cut
0.99496 to 0.98999 _ — cut -
L 0.98998 to 0.98508 —— —— cut cut
e} 0.98507 1o 0.98023 —_— cut — _
B 0.98022 to 0.97544 —_ ‘ cut _ . cut
0.57543 to 0.87071 —_— cut cut _
‘\_ 0.97070 to 0.86603 ———— cut cut cut
2 0.96602 to 0.96141 cut S _
0.96140 to 0.95685 cut _— _— cut
0.95684 o 0.95234 cut —_— cut
0.95233 to 0.94788 cut _— cut cut
004787 to 0.94347 cut cut S -
0.94346 to 0.93912 cut cut N cut
0.93911 to 0.93481 cut cut cut _
0.93480 to 0.93056 cut cut cut cut
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Table 4-10. Jumper Seleciion, Precision Voltage Reference

'After replacing U22, R41, and R42 in the Precision Voltage Reference Circuit {A/D and Ohms Converter PCB}, use the

following procedure 1o verify and/or select the jumper locations:

1.

Connect a precision 1.0V de source to the INPUT terminals of the BBB0A; select the VDC funclion, 2V range.

P

2. Adjust R17 (+1V CAL) for a display reading of +1,000C0. If this adjustment is achieved, the existing jumper
locations are correct; perform the calibration procedure (see Calibration Manual). \fheadjustmemcannoi be
made, continue with this procedure.

3. Locate the row of sleeved jumpers adjacent 1o U10 in the Precision Voltage Reference circuit.

4. Soider short lengths of solid wire in place of jumpers which have been previously cut.

5. Install all pch assemblies, and turn-on power to the 8860A.

6. With the precision 1.0V dc source still connected to the INPUT terminals, turn R7 counterclockwise untii the
reading no longer decreases. Record the reading.

7. Usethe recorded reading and the list at the end of this procedure to determine which jumpers need to be cut.

B. Turn off the 8860A, remove the A/D and Ohms Converler PCB, and cut the appropriate jumpers.

9. Install the pcb in the BBB0A, and perform the czlibration procedure (see the Calibration Manual}.

RECORDED DISPLAY JUMPERS

READING W4 W5 W6 W7 ws
0.99923 to 0.99372
0.99371 to 0.98827 _ cut
0.98826 to 0.98287 cut _—
0.88286 to 0.97753 cut cut
0.97752 to 097225 cut
0.87224 to D.96703 ) cut —_ cut
0.86702 to 0.86186 cut ~out _
0.96185 to 0.95675 cut cut - cut
0.95674 to D0.95169 - cut _
0.95168 to 0.54669 —— cut _ _ cut
0.84668 to 0.94173 —_ cut _ cut _—
0.94712 to 093683 — cut _ cut cut
083682 to 0.93198 _ cut cut
0.93197 to 0.92718 —_— cut cut _ cut
0.92717 to 092243 —— cut cut cut _
0.92242 to 081773 —_—— cut cut cut cut
0.891772 o 0.91307 cut _ _ .
0.91306 to 0.90846 cut e cut
0.80845 to 0.803%0 cut cut _
0.90389 to 0.899392 cut cut cut
0.89938 to 0.89491 cut _ cut
0.89490 to 0.89049 cut —_ cut —_ cut
0.89048 to 0.88610 cut _ cut cut _—
0.88609 to 0.88176 cut _ cut cut cut
0.88175 10 0.87748 cut cut. _ _ _
0.87745 to 0.87321 cut cut —_ _ cut
0.87320 to 0.86899 cut _ cut —_— cut _
(0.86898 to 0.86482 cut cut —_— cut cut
0.86481 to 0.86068 cut cut cut
0.86067 to 0.85659 cut cut cut —_ cut
0.85658 to 0.85253 cut cut cut cut —
0.85252 to 0.84851 cut cut cut cut cut
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