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8860A

6-1. INTRODUCTION

3 Thissection of the manual contains service informa-

tion for the 8860A options. Each option has its own
subsection which includes: & theory of aperation, trouble-

shooting information, and a list of replaceable parts. The
schematics for the options are located in Section 8. The
option number is used in the page and paragraph numbers
of each option. For instance, aption -004 starts on page
004-1,
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004-1. THEORY OF GPERATION

004-2. The Calculating Controller, Option (-004) is
composed of the fellowing four circuit boards. The
schematic diagram for each circuit board is located in
Section 8. A simplified block diagram is shown in Figure
004-1,

Calculater/ Printer PCB Assembly
Rear Interface PCB Assembly

Memory Cartridge PCB Assembly
Control Keyboard PCB Assembly

004-3. The first two boards listed are connected with a
ribbon cable and are installed inside the 8860A chassis. The
latter two boards are external to the chassis and plug into
the connectors on the Rear Interface board. The Calculat-
ing Controiler main board is described first.

s & 2 @

004-4. Local/Remote Switching

004-5. Seiecting the local or remote control function
switches the program memory which directs the out-guard
microprocessor. In local, the local program memory 1§ in
control. When remote is selected, the option program
memory is in control.

004-6. The local program memory directs the operations
mentioned under Out-guard Processor Software in the
Theory of Operaticn {or the basic instrument. The add:-
tional operations required by the Calculating Controller
option are directed by the option program memory when
the remote control function is selected.

004-7. Inremote, the option prograrm memory calls parts
of the local program memory as subroutines. Forexample,
the option program memory calls on the local program
memory routine to scan the keyboard and strobe the
display. When the SRE0A isswitched back to logal, control
returns to the local program memory.

004-8. Option Program Memory
0049  The program memory is split between two ROMs

8860A-004

Option -004
Calculating Controller

(U19 and Ul0) on the Calculating Controller main board.
The active ROM is determined by a group of gates (U17).
The out-guard microprocessor controls these gates via
P26. The ROMs are custom devices, mask-programmed
with the Calculating Controller software. Table 3-2 shows
how the two ROMSs are accessed using ports P23, P26,and
P50.

004-10. Calculator

004-11. The number-oriented processor (U5} executes all
the math functions and contains the XYZT stack. A divide-
by-5 circuit (U16) provides a 400-kHz clock for US.
Processor U5 interfaces to the out-guard microprocessor
through U2, an 1/ O Expander with RAM. For example,
when the square root functionis executed, U5 performs the
caleulation and U2 reports the result back to the out-guard
microprocessor for display. U2 also receives and responds
to switch closures from the handheld Control Keyboard. A
256-byte RAM in U2 holds the contents of the addressable
registers R10-R49 and the print buffer.

004-12. The two ports of U10 communicate with the rear
pane! Data Port. The Data Port is the interface for the
optional printer or the user 1/ O functions, R50-R57. Tri-
state bulfers U7, U11, U12,and U 13 provide bi-directional
data buffering to the Data Port. Ul0 also contains a 2
kbyte ROM.

004-13. Data Bus and Address Bus

004-14, The out-guard microprocessor communicates
over the data bus DBO-DB7 with the ROM and 1/ O
expanders (U2, U10,and U19), the Memory Cartridge, the
optional printer, and the User 1; 0. Control lines which
identify and route each byte on the data bus are ALE
(address latch enable), PSEN (program store enable), RD,
and WR.

e ALE (address iatch enable) is a steady 400 kHz.

s PSEN (programselectenable)is active whenever

004-1
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the processor is reading its program ROM,
which it does regularly.

e RD (read) and WR (write) are used only when
Option -004 or -005 is installed. They are active
when the processor is using the data bus for
communication other than reading the program
memory. For instance, they are active when the
processor is reading the Control Keyboard.

004-15. The address and data for ROM U0 are muiti-
plexed over the data bus. By conirast, the address and data
for ROM U19 and the Memory Cartridge RAM are
carried on separate lines. The 8-bit latch U18 stores the
address for these latter two devices. The upper four bits of
address, A8-All, travel on their own lines, P20-P23, to
U19 and UIG.

004-16. Power Supply

004-17. All circuits operate off the +3V out-guard supply. .

IC U5, the only P-channel MOS device, requires an
additional -4V supply derived through CR1, CR2, CR3,
Q1, and the power transformer secendary.

004-18. Three level shifters in U4 converta TTL level (OV
to 5V)toa PMOS level (-4V to +5V)for pins 7,9,and 11 of
Us.

004-19. Memory Cartridge (Schematic 8860A-1013)
004-20. The Memory Cartridge contains two CMOS
RAM devices to hold addressable registers ROO through
RO9 and all of programmable memory, steps 00 through
09. All data and address lines are pulled to ground through
100 k£ resistors to keep the current drain at a minimuni.

004-21. Two silver-oxide watch batteries {TBI, TB2)
supply power to the RAMSs when the cartridge is not
receiving power from the 8860A. Three diodes (CR 1 on the
memory Cartridge board: CR4 and CRS5 on the Calculat-

ing Controller main board) prevent the +5V supply from

8860A-004

attempting to charge the batteries. The RAM devicesdraw
a current of 50 nA to 1 uA from the batieries at
approximately 2.5V.

004-22. Jumper W1 at pin 22 of Ul allows power to be
removed from Ul during troubleshooting. If it is discovered
that the Memory Cartridgeisdrawingan excessive amount .
of current from the batteries, remove this jumper to
identify the faulty RAM.

004-23. TROUBLESHOOTING THE CALCULATING

CONTROLLER '
004-24. Table 004-1 contains troubleshooting informat-
ion for the Calculating Controlier. Before using the table,
remove the Option -004 PCB from its slot in the 8E60A,
and check the operation of the basic DMM. If the DMM is
operating properly, reinstall the PCB, and refer to the
table.

004-25. The troubleshooting table is a series of symptoms
and solutions. Check the unit for the symptoms in
sequence. When a symptom is identified, clear the fault
using the solutions listed for that fault. All devices
mentioned in the table are located on the Calculating
Controller PCB.

CAUTION
To avoid instrumeni damage, remove pdwer
from the 8860A before unplugging the circuit
board or removing plug-in devices.

004-26. LIST OF REPLACEABLE PARTS

004-27. A list of replaceable parts for the Calculating
Controller is given in Table 004-2. Refer to Section 5 of this
manual for ordering information.

caution
Indicated devices are subject to damage by
static discharge.

004-3
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Table 004-1. Caiculating Conirolier Troubleshooling

SYMPTOM

INSTRUCTIONS

. The 8860A does not operate in local
when the-004 Option PCB s installed.
but works when the board is removed.

_ With the opticn instailed, the 8BBOA
pperates in local but not in remote.

. Cannot store or recall Memory
Certridge data

_ User I/0 and/or Print functions do

not work.

_ Control Keyboard cannot be read

_ Math Functions and XYZT Stack are
inoperative.

. Faulty Address Latch (U18)

Faulty Control Line

sSuspect the Memory Cartridge, U189, UZ or U1g.

sRemove these devices one al a fime, until the basic instrument
operates normally (in jocal). These devicesareallin sockets and all si
on the internal bus. Replace the device which clears the fault.

«Replace U10, U19, U2, and U5,

eCheck U17 {pin 6 is high when pins 4 and 10 are both high).
«Check U18 as described in step 7.

«Check U12 for high state at pin 8.

«Chack U16 for 2 MHz at pin 1, and 400 kHz at pin 8.

«Check U4 for 400 kHz at pin 2, +4 5V o -3.5V swing.

«Check U5, pin 21, for a dc voltage between -3.5V and -4.5V (negative
supply).

»Check U5, pin 11, for adc voltage hetween-3.5V and -4.5Y (release of
initial reset).

eCheck U2, pin 28, for a low state (drives U5, pin 11).

e Check G2, @3, U14 {on Option -004 mainboard); pin11 of U14 should
be high after initial turn-on delay.

e Check U15, pin 11, for continuous switching.

«Check control lines as described in step 8.

sRAeplace U10. Check U7, U11, and U13 as follows (with nothing
connected o the data port}:

‘BRCL 50 causes pin 1 of U7 andg U11 to go low.

-gTO 50 causes pin 1 of U13 and U7 to go low.

«Check U12. pins 13 and 14, and U10 pin 31 for a low state when
nothing is connected to the data port.

sWith the printer connected (make sure the printer is a 2020A with
Option <001 installed; Option -004 or a Model 2030DA Printer will also
work): :

12, pins 14 and 13,and U10 pin 31 should all be high when the printer
is on. Pins 1,8, and 7 of U7 and pin? of U117 should remain low for the
duration of a print function (PrintX, forexample). During thistime, 18
pulses should ccour on pins4.5,9,and10 of U7 and on pins 37 and 39

of U10.

»Check U3; outputs should sequentially pulse iow.
e Replace U2 if pins 33 through 36 switch, butare not affected when a

key is pressed.

«Check the following points for switching when a key is pressed
{x-exchange-y key, for instance):

«Pin 10 of U2, WR (normally high), for one negative pulse.

ePin 6 of U15 (normally low) for one positive puise.

«Pin 8 of U15 (normally high) for approximately 12 pulses.
ePins 1 and 3 of U14 (normally high) for approximately 12 pulses.
«Pin 4 of U14 (normally high) for one negative puise.

ePin 5 of U12 (normally high) for approximately 12 pulses.
«Check pin 9 of U12 (normally low) to go high on Err 89.

o Check U18 with a dual-trace sCOpe. Trigger the scope on ALE and
look at the input and output of each latch. If ALE and the laich are
waorking property, then the jatch output follows the latch input when
ALE is high. The latch input is stored when ALE goes low.

e Check PSEN, pin 20 of U19, for continuous switching.
sCheck ALE, pin 11 of U2, for continuous swliching.
«Check RD, pin 8 of U2, for continucus switching.

004-4
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1‘_23 B860A-004
‘ ] Table 004-2. Calculating Controller Assembly
._.’ - N
1 HEF FLUKE | MFG ot |wec ] |
| : DESCRIPTION STOCK SPLY MFG PART NO. oTY | o1Y T
! ;j DES NO. | CODE - P
~00k CALCULATING CONTROLLER ASSEMBELY ORDER BY OPTICH -004

FIGURE 004-2 (88604-004)

S

CONTROL KEYBOARD - 533588 89536 533588 1

Ik MEMORY CARTRIDGE Y8833 89536 ¥BE33 1
oo

! CALCULATOR/PRINTER PCB ASSEMBLY 516328 89536 516328 1

H1 HARDWARE KIT 512400 89536 51240C 2

MP1  PANEL, (SUB) CAL PRINTER 531038 89536 531038 1

MP2 INSULATOR 541862 89536 51 862 1

MP3 CcuP 541888 89536 541888 1

mpéﬂ ) Q04-5
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Figure 004-2. Calculating Controller Assembly
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Table 004-3. Control Keyboard Assembly

-
1 REF FLUKE | PG ‘ Tt | Rec| b |
- DES DESCRIPTION STOCK | SPLY MFG PART NO. T
No. | CODE : LN LAY I
o CONTROL KEYBOARD ASSEMBLY 533588 89536 533588 REF
FIGURE 00U~3 (886CA-4026)
FT) H1 SCREW, FHP, 4=40 X 7/16 5ip225 89536 542225 2
o MP1 CASE, FRONT 509106 B9536 509406 1
MP2 CASE, REAR 509281 89536 509281 1
o ¥P3 BUTTON, SLIDE SWITCH (W/S510) 509331 89536 509331 !
T MP4 FOOT, CASE 507624 89536 507624 3
L MP5 BUTTON, GREY 509398 89536 509398 14
MP6 BUTTON, ORANGE 509364 89536 509364 1
L MPT BUTTON, WHITE 509372 89536 509372 12
e MP8 BUTTCH, DARK GREY 509257 89536 509257 1
MP9 DECAL 507616 89536 507616 : 1
MP10 SPRING (ALL SWITCHES) 414516 00779 62353-3 28
MP11 CONTACT, FIXED (ALL SWITCHES) 116875 00779 62380-4 28
P1 HEADER, 1L-PIN 519652 22526 65521-114 : 1
S10 SWITCH, SLIDE {W/MP3) 477984 79727 G3=115 1
: W1 CALCULATOR CABLE 534099 89536 534099 1
' X CALCULATOR KEYBCARD PCE ORDER NEXT HIGHER ASSY.
i 3 i ) } jj : T_j[
)
[
G = PL
Y-
=tz séz 552 Ceazp Heszf S22 St T
. ‘3 4 r L P | i 5 I
‘ ) E‘563|3 =53 #5435 SED E‘]SEE)J S E EE
g T
n_»p n_7 np T
el @ Yeal SR LB S —1 o
E Sinl %
: R P _}' L_r
. 8860A-1626
{
,I Figure 004-3. Control Keyboard PCB Assembly
004-7
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Figure 004-3. Control Keyboard PCB Assembly {cont)
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' ] Table 004-4. Memory Cartridge
. N
REF , FLUKE | MFE . 0T | REC
. ES DESCALPTION STOCK | S8PLY MFG PART ND. v ?
‘ NA. GODE qTY | OTY :
@ MEMORY CARTRIDGE ORDER BY Y8833
FIGURE 004-4 (Y¥8833)
. MEMORY PCB ASSEMBLY
o BT1 BATTERY, SILVER OXIDE 520221 89536 520221 2 A
L BTZ BATTERY, SILVER OXIDE 520221 89536 520221 REF
' ¢ CAP, CER, 0.22 UF +/-20%, 50V 305849 71590 CW30C22MK 1 B
CR1 pIO, SI, HI-SPEED SWITCHING 203323 07910 1H44AB 1 1 B
[ H1 SCREW FHP, 5-2C X 5/8 529475 89536 520479 2
|
| o SPRING, BATTERY CONTACT 505287 89536 525287 1
| MP1 CASE, BOTTOM © §ng240 89536 509240 1
‘ MP2 CASE, TOP 509323 89536 509323 1
| MP3 DECAL, MEMORY MODULE 534438 89536 534438 1
g MP4 SPRING CONTACT (NOT SHOWN) 525287 89536 525287 1 B
S P BOARD CONNECTION
o : R1 RES, DEP. CAR, 10CK +/-5%, 1/ 44 348020 89536 348920 2 B
‘ R2 RES, DEP. CAR, 100K +/-5%, 1/ 4% 34Bg20 89536 348920 REF B
\ U1 @IC, C-MOS, STATIC RAM, 3-STATE QUTPUT 129860 89536 MCM51LOTPES 2 1 B
; 2 RESISTOR NETWORK, 100K : 161038 89536 U461038 2 1 B
U3 EESISTOR NETWORE, 100K 161038 89536 461038 REF B
1 4 @IC, C-MOS, STATIC RAM, 3-STATE QUTEUT 429860 69536 MCM51LOTP63 REF B
P Wi JUMPER WIRE 520271 89536 529271 B

A WARNING, DO NOT RECHALGE!
BATTERIES MAY EXPLCDE UR LEAK.

B ITEMS ON MEMORY PCB ASSEMBLY.

| ‘
ki -
\% 004-8
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Table 004-5. Calculator/Printer PCB Assembly

FLUKE | MF& . N
T_HH DESCRIPTION STOCK | SPLY MFG PART NO. TOT 1 REG 0
ES- NO. | CODE ory |ory| 1
Jg ® CALCULATOR/PRINTER PCB ASSEMBLY 516328 89536 516328 REF
FIGURE 0045 {8860A-2015T)
REAR INTERFACE PCB ASSEMBLY ORDER NEYT  BIGHER ASSEMALY
pom c1 CAP, TA, 47 UF +/-20%, 20V 348516 56289 AQ6D4TEX0020KEA 1
E] ce CAP, TA/DISC, 10 UF +/-20%, 10V 176214 56289 196D106XC0T0KA1 1
c3 CAP, T4, 15 UF, 20V 519686 56289 196D156X0020KEH 1
ch CAP, TA, 68 UF, 6V/8V 519702 66289 196D686X000BKEA 1
’ c5 CaP, TA, 39 MF +/-20%, 6V 163915 56280 156D394X0020KA1 L
c6 CAP, TA/DISC, 4.7 UF +/-20%, 20V 161943 56289 196D476X0020KA1 1
c7 cap, CERAM, 0.22 UF +/-20%, 50V 309849 72982 8131-050-651-022 6
c8 CAP, CERAM, 0.22 UF +/-20%, 50V 300849 72982 8131-050-651-022 REF
: c9 CAP, CERAM, 0.22 UF +/-20%, 50V 300849 72982 8131-050-651-022 REF
L €10 CAP, CERAM, 0.22 UF +/-20%, 50V 309849 72982 8131-050-651-022 REF
c11 cAP, CERAM, 0.22 UF +/-20%, 50V 309849 72982 8131-C50-657-022 REF
ci2 CAP, CERAM, 0,22 UF +/~20%, 50V 300849 72982 8131-050-651-022. REF
CR1 DIODE, SIL RECTIFIER, 14, 100V 333491 03877 1NAODO2 2 1
CR2 DICDE, SIL RECTIFIER, 14, 100V 343891 03877 1NLOO2 REF
CR3 DIODE, ZENER, 400 MW, 4.7V 524058 14552  1NT51 1 1
CRY DIODE, ST, HI-SFEED SWITCHING 203323 06001 INMLLE 2 1
CRS DIODE, SI, HI-SPEED SWITCHING 203323 060071 1Ku4UB REF ,
) J1 CONN, 50-PIN 519918 52152 3426-0000T 1
ﬁl MP1 COVER, CONN (TO J1) 519934 89536 515934 2
b BOARD CONNECTION
P26 BOARD CONNECTION
Qi YSTR, SI, PENF 105974 64713 2N3906 3 1
o2 XSTR, SI, PNP 195074 64713 2N3906 REF
Q3 g3TR, SI, PNP 105974 64713 2N3906 REF
R1 RES, DEP. CAR, 27K +/-5%, 1/LW y31501 86536 441301 1
R2 RES, DEP. CAR, 470 +/-5%, 1/ 343434 80536 343434 1
R3 RES, DEP. CAR, 10K +/-53, 1/4W 348839 89536 348839 2
Ri RES, DEP. CAR, 82 +/-5%, 1/ 4w 4ypa77  B9536  LA2277 1
o RS RES, DEP. CAR, 33K +/-5%, 1/LW 348888 835536 348888 1
- ] R RES, DEP. CAR, 2X +/~5%, /3§ 41469 BO536 AU1469 1
RT RES, DEP. CAR, 39K +/-5%, 1/ 442800 §59536  L42400 1
R3 RES, DEP. CAR, 10K +/=5%, 1/4d 348839 89536 348839 REF
?ﬂ RY RES, DEP. CAR, 1.1K +/-5k, 1/ 49 348797 89536 348797 1
o R10 RES, DEP. CAR, 270 +/-5%, 1/ 4w 348789 89536 348789 1
11 RES, DEP. CAR, 2.7K +/~-5%, 1/44 386400 59536 386490 1
R12 RES, DEP. CAR, 5.6K +/-5%, 1749 442350 B9536 442350 1
R13 RES, DEP. CAR, 100K +/-5%, 1/ 4W 348920 89536 348920 1
g RESTSTOR NETWORK, SIP, 3.6K +/-2%, 1780 A4T8B18 89536 478B1E 1 ]
uz2 1C, 2% X B BIT RAM, PROGRAMMABLE TIMER 524884 34649 PB155 1 1
'*a 3 IC, DEMULTIFLEXER 508473 01295 SNTLLS1S6N 1 1
U4 1c, LIN, QUAD COMPARATOR 387233 12040 LM339N 1 1
us MICROCOMPUTER, PROCESSOR, MOS/LSI 524066 12040 MMST109 1 1
- - U6 RESISTOR NETWORK, 10K W29zl 89536 412924 1 1
] u7 ® IC, C-MOS, HEX NON-INVERT BUFFER 107759 12040 MMBOCGTN 3 1
U8 RESISTCR METWORK, 5.1 X 1K " 510664 80536 519694 1 1
P

004-11
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Table 804-5, Calculaior/Prinier PCB Assembly {cont)

FLUKE | MFB N
REF T0T | REC
OES DESCRIPTION STOCK | SPLY NEG PART NG. or | o7y 2
ND. CODE £
U9 RESISTOR NETWORK, 10K E00BT7E 69536 500876 i 1
U10 1C, DIGITAL 2KX8 BIT ROM 524876 3U649  PB355 1 ]
i1 1C, 3-STATE BUFFER 454819 07263 J009FC 1 1
D12 ® 1C, C-MCS, HEY NON-INVERT BUFFER Lo7759 12040 MMBOCOTR REF
Ui3 ® 1Cc, C-MOS, HEX NON-INVERT BUFFER 407759 1200 MMBOCOTHN REF
U114 ® I, C-MOS, QUAD 2~IN & GATE 408401 02735 CDIOB1EE j] 1
15 IC, QUAD 2-IN POS-OR GATE 303108 01295 SNTULS32N 1 1
U16 ICc, TIL MSI, DECADE COUNTER 1p2545 01295 SNTYLSSON 1 1
U17 IC, TTL MSI, QUAD 2-IN POS-NAKD GATE 393033 07263 TALSOOFC 1 1
U186 Ic, TTL, DCTAL "D"TYPE F/F 504514 01295 SNTHLB373 1 1
W1 CABLE, 50~STRAND FLAT LphB2z  BYh36 hpaB22 1
Tz SOCEET, 40-PIN 429282 09922 DILB4OP~108 2
s SOCKET, 7-PIR 520809 30035 S5-109-1-07 4
X010 SOCKET, 40-FIN 420282 09%22 DILBUOP-108 REF
XU18 SOCKET, 12-PIN 417733 30035 88-109-1-12 2
X019 SOCKET, 12-PIN 417733 30035 S8-109-1-12 REF
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Table 004-5, Rear interface PCB Assembly -
a — i
. , FLUKE MFG i
A : TOT | REC a
DE; DESCRIPTION STOCK SPLY MFG PART NO. v | oty .?
NO. | COOE ANEE: -
REAR INTERFACE PCB ASSEMBLY ORDER REXT HIGHER ASSEMBLY REF -
FIGURE 004-6 {8860A-4021)
J1 CONNECTOR, 50-POSITICN 510918 %2152 3426-00007 1 :
J2 CONNECTOR, 24-POSITICN ‘ 518397 01285 B421121~-18 1 7
J3 CONNECTOR, 36-POSITION Lra2e1  00TTH 552235-1 1 ) [
a4 CONNECTOR, 14-POSITION 512392 00779 5%2212-1 1 ‘
U7 ) ic, RES. NETWORK, 5CK +/-2%, 1/BW 529131 80536 529131 1 1 -
J2 -
J1
J3
J4
[ U1
1Y
- 8860A-1624
Figure 004-6. Rear Interface PCB Assembly T
0c4-14 um A
L
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005-1. THEORY OF OFERATION

005-2. The IEEE-488 Interface, Option -005, consists of
two circuit boards: the IEEE-488 Interface PCB (Sche-
matic 8860A-1015) and the Rear Interconnect PCB
(Schematic 8860A-1025). These boards are connected with
a ribbon cahle. The 1EEE connector and the six IEEE
address switches are located on the Rear Interconnect
PCB. The schematic diagram for each of the two circuit
boards is located in Section 8.

005-3. A simplified schematic of the IEEE-488 Interface
is shown in Figure 005-1. The IEEE-488 Bus is located at

the left, the 8360A basic instrument is at the right.

005-4. Local/Remote Switching

005-5. When the IEEE-488 Interface is installed, the
option program memory (U4) is in control for both local
and remote operation. Control can be passed to the local

program memory (U9 on the Controller PCB), but is -

always returned to the option program mEMmOry. For
example, the option program memory calls on the local
program memory to perform the measurement routine.
When the measurement eycle is finished and the result is
obtained, the option program memory again becomes
active.

005-6. General Purpose Interface Adapter

005-7. The main device on the |ELEE-488 Interface PCB
is U1, the general purpose interface adapter (GP1A). This
device is designed specifically to interface 8-bit micro-
processor data and address buses to the IEEE-488 bus. The
GPIA handles the bus protocol functions, including the
bus handshake. The GPlA commiunicates with the bus
through two bidirectional bus transceivers {U2 and U3).

005-8. The GPIA contains the serial pol! register where
the present 8860A measurement status ig stored. When a
serial poll occurs, the contents of this register are loaded
directly onto the IEEE-488 bus.

005-9. Data Bus and Address Bus
005-10. The internat 8-bit data bus, DRO through DB7,

8B60A-005

Option -005
|IEEE-488 Interface

carries information between the devices (GPIA, ROM,
RAM) and the out-guard microprocessor. The B8-bit

. address used by sach of these devices is latched by UI10.

Gates U6 and U8 are used to enable devices (U1, U3,
and/or U4) to read or write on the internal bus.

005-11. The rear pane! IEEE address switches and the
Talk-Only switches connect to the data bus through a hex
inverter {U11). The tri-state outputs are enabled by a line
from Ul. The switch output is read at regular intervals.

005-12. Option Program Memory

005-13. The program memory is contained in U Figure
3.2 in Section 3 of this manual shows how the ROM is
partiticned and how it is accessed from ports P23, P26,and
PS0. This ROM (U4) is a custom device that is mask-
programmed with the IEEE-488 Interface software.

005-14. DATA STORAGE RAM

005-15. A 128-byte RAM (U3) is used for storing I/ O
data that appears on the data bus. It contains the input
buffer for handling input commands, the output buffer for
handling output data, and locations for other data storage.

005-16. TROUBLESHOOTING THE IEEE-483
OPTION

005-17. The following troubleshooting procedure requires
that the basic 8860A is working properly. Before starting
the procedure, remove the IEEE-488 Interface from its slot
in the 8860A, and check the operation of the basic DMM.
If the 8860 A is operating properly, reinstall the option pcb
and proceed with the troubleshooting information given in
Table 005-1.

005-18. The troubleshooting table is a series of symptoms
and solutions. Check the unit for the symptoms in
sequence. When a symptom Is identified, clear the [fauit
using the solutions listed for that fault. All devices
mentioned in the table are located on the JEEE-488
Interface PCB.
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Table 005-1. IEEE-488 interface Troubleshooting

SYMPTGM

INSTRUCTIONS

1. Any fault—{(initial check)

2 The 8860A does not respond to frant
panel local sontrols (or IEEE-488 bus
commands) when the -005 Option is
installed. :

3. The 8860A operates properly from
the front panel (with the -005 Option
instalied), but will not respand ic
|EEE-488 but commands.

4. The displayed |IEEE address {using
PROG SEL) is different than that
selected at the rear panel IEEE
switches.

5, Faulty Address Latch {U10)

eCheck ALE at U10-11 for 400 kHz.
« Check for a high state {(+5V) at U1-19 1o ensure that reset is released.
o Check for a high state (+5V) at L1-4 (ASE, address switch enable).

‘s Suspect, U1, U3, U4, U6, U8, or U11. Remove these devices one ata

time, untii the 8880A returns to proper operation. These devices are
socketed (except U11) and ail sit on the internal bus.

eSuspect U1, U3, U2, Us, U6, U8 {in that order).

eSuspect faulty |EEE address switches or U11.

« Check U10 with a dual-trace sCOpeé. Trigger the scope on ALE and
look at the input and output of each hit. if ALE and the laich are
working properly,then'the output follows the input value when ALE s
high and laiches when ALE goes low.

005-19. LIST OF REP
005-20. A list of replaceable parts for the IEEE-488

CAUTION

To avoid instrument damage, remove power

Interface is given in Table 005-2. Refer to Section 5 of this

manual for ordering information.

from ihe 8860A belore unpiugging the circuit

board or removing plug-in devices.

LACEABLE PARTS

cauTion D
Indicated devices are subject to damage by
static discharge.
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Table 005-2. [EEE-488 interface
N
l'. REF FLUKE MFB 107 | Ree ! )
DES DESCRIPTION STOCK SPLY MFG PART NOD. oty lowy| T
ND. CODE E
-005 JEEE-U488 INTERFACE ORDER  BY OPTION -005
FIGGRE 005-2 (B8604~005)
TEEE-488 INTERFACE PCE ASSEMBLY 516310 B9536 516310 1
REAR INTERCONWNECT PCE ASSEMBLY 521294 89536 521294 1
H1 HARDWARE KIT 543736 89536 543736 1
MP1 PANEL, (SUB) IEEE INTERFACE 531020 89536 531020 1

A

Q05-4
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Figure 005-2, IEEE-488 Interface Assembly
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L
Table 005-3. IEEE-488 interface PCB Assembiy _ ' —
- FLUKE | MFE N
10T | REC n
REF DESCRIPTION STOCK | SPLY MEG PART NO. ?
DES ND. CODE 0TY | OTY
E -
® LEEE-188 INTERFACE PCB ASSEMBLY 516310 B9536 516310 REF o
FIGURE DD5-3 (8860&-&015T) .
C1 CaP, T4, 1 UF +/-20%, 35V 161919 56289 166D 05X0020JA1 & 5
c2 CAP, TA, 1 UF +/-20%, 35V _ 161919 56289 196D105X0020JA7 REF
€3 CaP, TA, 1 UF +/=-20%, 35V 161919 56289 196D105%0020J41 REF -
cl CAP, TaA, 1 UF +/~20%, 35V 161919 56289 196D105X0020441 REF ;
c5 CAP, T4, 1 UF +/~20%, 35V 161919 5628¢ 196D105%X0020J4A1 REF .
c6 CAR, TA, 1 UF +/-20%, 35V ' 161919 56289 146D105X0020JA1 REF
J1 CONNECTOR BODY ' 295337 52152 202-0000T 1 _
MP1 COVER, CONNECTCOR (T0 J1) 295329 52152 3402-0001T 2 -
Mp2 MYLAR INSULATOR (NOT SHOWN) 413903 B9536 443903 1
R1 RES, DEP. CAR, 2.7k +/-5%, 1/4Ww 386490 80031 CR25%1~4-5P2KTT 1 B
w ®IC, MOS, N-CEARNEL, SI u77ol  CY713 MCGBHBEP 1 1 :
u2 Ic, BUS TRANSCIEVER, DIGITAL 524835 04713 MC34LTP 2 1 _ L
U3 @ IC, MOS RAM, 128 ¥ 8 BIT 5214843 07263 F6810PC 1 1
U4 IC, DIGITAL, 4E X 8 BIT, MOS ROM 535070 55576 SYP233 1 1 -
us IC, BUS TRANSCIEVER, DIGITAL 524835 04713 MC34UTE REF W
U6 Ic, POS NOR, TOTEM FOLE CUTPUTS 393041 01295 SNT4LSOZN 1 1 e
U8 ic, TTL, QUAD, 2-INPUT, POS, NAND GATE 363033 01295 SNTASLOON 1 1 h
19 RES. NETWORK, SIP, 33K +/-2%, 1/8W ug7H 89536 4BATH 11
U10 ic, TIL, OCTAL mr TYPE F/F 504514 01295 SNTHLS373 1 1 aas
11 & IC, C-MOS, 3-STATE, INVERTER BUFFER 51810 07263 kpogo8PC 1 1
vz RES. NETWORK, 3IP, 4,TK +/-2%, 178W 412916 BYhE36 112916 1 1 0
W1 CABLE, 34 STRAND 519026 89536 519926
Xu1 SOCKET, IC, 40 PIN 429282 09922 DILBHOP—108_ 1
XU3 SOCKET, IC, 24 PIN 376236 91505 324-AG39D 2 -
XU4 SCCEET, IC, 24 PIN 3762326 01506 324-AG38D REF :
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8860A-005
Table 005-4. Rear Inferconnect PCB Assembly
o ' FLUKE | MFG N
. REF TOT | REG
S DESCRIPTION STOCK | SPLY WFG PART HO. v | ory g
NO. | GOOE orvomy|
REAR INTERCONNECT PCB ASSEMBLY 521204 89536 521294 REF
FIGURE 005-4 (BBEOA-4025)
J CONNECTOR, 34 POS 2565337 52152 3402-0000T 1
J2 CONNECTOR, 24 POS 513234 00779 5522241 7
51-6 SWITCH, DIL, 6-POS, SPST, ASSY 54124 00779 U35166-Y 1 1
J1 Hy
Jz
8860A-1625

005-8

Figure 005-4. Rear Interconnect PCB Assembly




006-1. THEORY OF OPERATION

006-2. The Rear Input, Option 006, consists of a circuit
board and a 20-pin connector. The circuit board mounts
on the A/ D and Ohms PCB. A schematic diagram for the
option is shown in Figure 006-1.

006-3. The Rear Input option electrically relocates the

five INPUT terminal connections from the front panel
banana jacks to a 20-pin connector mounted to the rear

" panel. Thisenablesall voltage and resistance measurement

connections (both two- and four-terminal) to be made at
the rear panel.

ggt6UA -DLb

Option -006
Rear Input

006-4. TROUBLESHOOTING

006-5. Any fault which occurs in the Rear Input con-
nector will usually consist of either poorly soldered
connections or broken wires, which can be traced visually
or with an chmmeter. The two ceramic capacitors ensure
stable readings by suppressing high voltage ac crosstalk to
the A/ D Converter.

006-6. LIST OF REPLACEABLE PARTS

006-7. A list of replaceable parts for the Rear Input
Assembly is given in Table 006-1. Refer to Section 5 of this
manual for ordering information.
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Figure 006-1. Rear input Option Schematic
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: E , Table 006-1. Rear Input
| FLUKE | MFG - N
| TOT | REC
| s REF DESCRIPTION sTOCK | SPLY MFG PART NO. 0
o ~006 REAR INPUT ORDER  BY OPTTON -006
FIGURE 006-2 {8860A-006)
REAR INPUT PCB ASSEMBLY 538264 89536 538264 1
.} H1 NUT, HEX 4-40 147611 89536 147671 3
g B2 SCREW, 4-40 X 1/4 PHP 256156 953G 256156 2
H3 SCREW, 4-40 X 3/16 PEP 149567 B9536 149567 2
51 SCREW, 6-32 X 1/4 FH UC 320093 856536 320093 2
; w;ﬂ KIT HARDWARE CONNECTOR KIT : 541797 89536 541797 1
L MP1 BRACKET, ANGLE 4-140 y7i239 89536 UTL239 2

) SEE FIGURE 006-3 H3(2)
-i *’W ' DETAIL A

REAR ANALOG INPUT
PCB ASSY.

q] ORN({E5)
S BRN(ES)

RED(E1)
e BLI(E4)
aﬂ BLU{E?)

8800A.-006

Figure 006-2. Rear Input

EE ' 006-3




8860A-006

Table 006-2, Rear Input PCB Assembly

‘ FLUKE | mFs N
TOT | REC

REF DESGRIPTION STBCK SPLY MFG PART NO. e $

OES NO. | CODE MR
REAR INPUT PCB ASSEMBLY 538264 89536 538264 REF

FIGURE 006~3 (B860A~Y02T)

c1 CAP, CER, 68 PF +/-2%, 100V 519181 71590 DD~3R3 2
c2 CAP, CER, 68 PF +/-2%, 100V 519181 71590 DD-3k3 REF
B1 NUT, HEX, 2-56 355453 73734 67023 2
H2 SCREW, 2-56 ¥ 3/1 530246 89536 530246 2
J1 CONNECTOR 20-PIN RECEPT. 369249 91662 00-8016-020-000-T707 1
Mp1 CABLE TIE 172080 06383 S8T-1M 2
ME2 RECEPTACLE PIN 529263 00779 350491-1 7
MP3 MOUNTING BLOCK 516765 B9536 516765 1
Wi CHASSTS GROUND WIRE ASSY. ‘537795 B9536 537795 1
w2 WIRE ASSEMBLY - SINGLE COND. 537738 89536 537738 1
W3 CABLE ASSY, 4-COND 537712 89536 537712 1
W4 GRAY WIRE ASSY. 537753 89536 537753 1
s VIOLET WIRE ASSY. 537704 89536 537704 1
W6 ORANGE WIRE ASSEMBLY 537720 B9536 537720 1
Wr BLUE WIRE ASSEMBLY 537746 89536 537746 1
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007-1. THEORY OF OPERATION

007-2. The External Reference, Option -007, consists of
a single circuit board and a dual banana connector. The
circuit hoard mounts on the A/D and Ohms PCB. The
schematic (8860A-1016) is located in Section 8.

007-3. The External Reference is a conditioning circuit
which divides an externally applied dc voitage by 10 and
changes the polarity of the result. If, forexample,a+10Vdc
signalis appliéd atthe input,a -1V dcsignalappearsat the
output, P1-2. The circuit contains a two-pole active
Butterworth low-pass filter to give 40 dB of noise rejection
at 50 Hz.

007-4. The input bufferamplifier U2is connected witha
gain of one-half ina differential-input configuration. The
floating input allows the option to receive a voitage which
is not ground-referenced. The output of U2 is filtered by
U3, which in turn is divided by five. This is the reference
voltags sent on to the A/ D Converter. Precision resistor
network Ul contains all of the required voltage divider
networks.

007-5. Protecticn devices Ql and Q2 protect against
overvoltages appearing at the external reference input
terminals. Variable resistor R1 helps correct for the dc
offset voltages of U2and U3. Variable resistors R4and RS
are calibration adjustments.

007-6. When selected, the output of the external ref-
erence replaces the internal reference used to discharge the
A/ Dintegrator. Theexternal reference polarity is detected
at pin P1-5 by the in-guard microprocessor which reverses
the polarity (at the A/ D Converter) if necessary, in order to
discharge the capacitor. Thus, the polarity is selected to be

88BCA-007

Option -007
External Reference

opposite that of the applied input. Such a reversal is
necessary, for instance, when the 8860 A is measuring an ac
voltage with a negative external reference.

007-7. Pins Pi1-6and P1-7 forma shorting link to tell the
in-guard microprocessor that the external reference is
installed. If the option is not installed, an eTror message is
displayed when external reference (EXT REF) is selected
at the front panel. .

007-8. TROUBLESHOOTING

007-9. Troubleshooting the External Reference for a
failed 1C is a matter of tracing the signal path. Use the AlD
and Ohms Extender Card for easy circuit access.

007-10. Connect the External Reference input LO to the
front panel INPUT LO. Apply a +10v dc signal at the
external reference input HI. The following signals should
be present on the External Reference PCB.

I. -5V dc at U2-6 and U3-6
2. -1V de at the output, P1-2.

007-11. When a step input is applied to the External
Reference, the settling time of the External Reference
circuitry should not exceed 5 seconds. If either C3 or C4 is
defective, the response of the external reference may be
very slow.
007-12. LIST OF REPLACEABLE PARTS
007-13. A list of replaceable parts for the External
Reference is given in Table 007-1. Refer to Section 3 of this
manual for ordering information.
cauTion (P
Indicated devices are subject o damage by
static discharge.
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Table 007-1. External Reference

[ 1
_ FLUKE WFG
« REF TOT | REC
/ BESCRIPTION 8TOGK | SPLY MF& PART NC. g
DES K. CODE oY | o E
-007 EXTERNAL REFERENCE CRDER  BY OPTION -CO7
FIGURE 007~1 (B8B60A-4016T) ‘

c1 ChP, CERAM, 33 PF +/-2%, 100V 354852 80031 2222-638~10339 2

c2 CAP, CERAM, 33 PF +/-2%, 100V 354852 80031 2222-638-10339 REF

3 CAP, MYLAR, .22 UF +/-10%, 100V 426113 73445 C2B0MAH/ARZ20K 2

ch CAP, MYLAR, .22 UF +/-10%, 100V 436113 73445 GRBOMAN/A220K REF

1 SCREW, FH, UC, 6-321/4 320093 89536 320093 2

B2 SCREW, FHP/SS, 6-32 X 3/% 114504 B9s536 114504 1

MP1 SPACER, CENTER 352021 B9536 352021 1

Mp2 MOUNTING BLOCK 530980 89536 530280 1

P1 CONNECTOR, 9~POSITION 51974y 89536 519744 1

Q1 ¥S8TR, J-FET 343830 12040 NSSF50024 2 1

Q2 ¥STR, J-FET 343830 12040 NSSF50024 EEF

R1 RES, VAR, 50K +/-10%, 1/2V 288290 75378 3605-502AZ 1

R2 RES, MTL. FILM, 150K +/-1%, 1/BW 241083 91637 CMF551503F 2

R3 RES, MTL. FILM, 150K +/~1%, 1/BW 2171083 91637 CMF551503F REF

RY RES, VAR. CERMET, 1K +/-10%, 1/2% 285155 Ti450 36081024 2

R5 RES, VAR, CER, 1K +/-10%,1/2W 285155 771420 36031024 REF

R6 RES, MTL, FILM, 37.4K +/-1%, 1/8W 226201 51637 CMF553TUZF 1

" RES, DEP. C&R, 1 +/-5%, 1/4W 357665 B0031 CR251-U-5P1E 1

E8 RES, MTL. FILM, 301K +/~1%, t/BW 28Gi88 91637 CMF553C1C2F 1

m RESISTOR NETWORK 516990 89536 510990 1 1

2 IC, LIN, OP-AMP, MTL. CAN 478107 120L0 3084 2 1

J3 IC, LIN, OP-AMP, MTL. CAN 478107 12040 3084 REF

W1 WIRE ASSEMBLY, VIOLET 536215 89536 536215 1

We WIRE ASSEMBLY, GRAY 538207 89536 536207 1

007-2
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