
























































































Principles of Operation 

4-19. DIRECT MEMORY ACCESS (DMA) 

The iSBX 488 board can be operated in DMA or non, 
DMA mode. When the base board is equipped with a 
DMA controller the iSBX bus will support DMA 
operation, permitting the host board processor to 
perform other tasks while data is being transferred. 
The following timing example shows the interface 
lines in their operational sequence. Because of the 
similarity between aDMA read and DMA write, 
only the DMA Read is illustrated, Figure 4-4. 

A DMA cycle is initiated when the iSBX 488 board 
activates MDREQ to the DMA controller on the base 
board. Once the DMA controller gains control of the 
iSBX bus, it acknowledges back to the iSBX 488 
board with MDACK/. The DMA controller then acti­
vates an I/O Read cycle and the iSBX 488 board puts 
valid data on the data bus (MDO-MD7) within 250 
nsec from the leading edge of IORDI. The DMA con­
troller then activates MEM WRITEI to load the Read 
data into the host iSBC board memory. The MDACKI 
signal acts as a chip select and address to the Multi­
module board (the MCS and MAO-MAl signals are 
unrletermined as they are driven by the memory 
address). The iSBX 488 board removeS the MDRQT 
during the cycle to stop the DMA cycle. Once the read 
operation is complete the DMA controller deactivates 
the read command providing a data hold time. If the 
DMA request signal was removed, the DMA control­
ler will release the iSBX bus back to the host proces­
sor and remove MDACK/. If the request is not re­
moved, the DMA controller will proceed to another 
DMA cycle. 

4-20. GPIB INTERFACE FUNCTIONS 

There are ten (10) interface functions specified by the 
IEEE 488 standard. Not all devices will have all 
functions and some may only have partial subsets. 

SOURCE SIGNAL 

ISBX BD MDRQT 
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The ten functions are sUlrimarized below With the 
relevant section number from the IEEE 488 docu­
ment given at the beginning of each paragraph. For 
further information please see the IEEE standard. 

1. SH - Source Handshake (IEEE section 2-3) 
This function provides a device with the ability 
to properly transfer data from a Talker to one 
or more Listeners using the three handshake 
lines. 

2. AH - Acceptor Handshake (IEEE section 2-4) 
This function provides a device with the ability 
to properly receive data from the Talker using 
the three handshake lines. The AH function 
may also delay the beginning (NRFD) or end 
(NDAC) of any transfer. 

3. T - Talker (IEEE section 2-5) This function 
allows a device to send status and data bytes 
when addressed to talk. An address consists of 
one (Primary) or two (Primary and Secondary) 
bytes. The latter is called an extended Talker. 

4. L - Listener (IEEE section 2-6) This function 
allows a device to receive data when addressed 
to listen. There can be extended Listeners (ana­
logous to extended Talkers above). 

5. SR - Service Request (IEEE section 2-7) This 
function allows a device to request service 
(interrupt) the Controller. The SRQ line may be 
asserted asynchronously. 

6. RL - Remote Local (IEEE section 2-8) This 
function allows a device to be operated in two 
modes: Remote via the GPIB or Local via the 
manual front panel controls. 

7. PP - Parallel Poll (IEEE section 2-9) This 
function allows a device to present one bit of 
status to the Controller-In-Charge. The device 
need not be addressed to talk and no hand­
shake is required. 

�\�~�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-
BASE BD MDACKI �f�~�~� ______________________ �~�r�-�-

BASE BD lORD! �f�r�f�-�-�-�-�~�\�~� ________________ �~�/� 

BASE BD MEM WRITE -----ift-f---------"'\ \ I 

MDOoMD7 �-�-�-�-�-�-�-�-�-�1�(�~� ___ ....Jx ISBX VALID READ DATA ) 

Figure 4-4. DMA. Read Timing 
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8. DC - Device Clear (IEEE section 2-10) This 
function allows a device to be cleared (initial­
ized) by the Controller. Note that there is a dif­
ference between DC (device clear) and the IFC 
line (interface clear). 

9. DT - Device Trigger (IEEE section 2-11) This 
function allows a device to have its basic oper­
ation started either individually or as part of a 
group. This capability is often used to syn­
chronize several instruments. 

10. C - Controller (IEEE section 2-12) This func­
tion allows a device to send addresses, as well 
as universal and addressed commands to other 
devices. There may be more than one controller 
on a system, but only one may be the Controller­
In-Charge at anyone time. 

At power-on time the controller that is wired to be the 
System Controller becomes the active Controller-In­
Charge. The System Controller has several unique 
capabilities including the ability to send Interface 
Clear (IFC - clears all device interfaces and returns 
control to the System Controller) and to send Remote 
Enable (REN - allows devices to respond to bus data 
once they are addressed to listen). The System Con­
troller may optionally Pass Control to another con­
troller, if the system software has the capability to 
do so. 

4-21. CODING LOGIC 

All GPIB related signals (i.e., DIOl-DI08, DAV, EOI, 
ATN, SRQ, IFC, NDAC, NRFD, and REN) at inter­
nal nodes have a slash (I) suffix to indicate that the 
low voltage state equals a logicall. These signals are 
buffered by U4 and U6, 8293 non-inverting trans­
ceivers, for GPIB interfacing. The I suffix is removed 
from the signals at the GPIB interface, however the 
logical definition does not change. Refer to the 
schematic diagram in Figure 5-2. 

DI01/-DI08/, DAV/, T/Rl 
The DATA (1-8)/ and DAVI lines are bidirectional. 
T IRI is an output of U5 (829lA) which controls the 
transmit!receive direction for these signals at U4 
and U6 (8293). The 829lA sends and receives data 
(over DIO lines) for both the Talker/Listener (829lA) 
functions and the Controller (8292) function. The 
DA V I is sent by the 829lA during a Source Hand­
shake and received during an Acceptor Handshake 
function. The 8292 sends a DAV I during a Parallel 
Poll and monitors DAV I during a "Take Control 
Synchronously" function. 

EOl/, ATN/, T/R2 
EOIl is bidirectional to U5 (829lA), bidirectional to 
U6 (8293), and input to U4 (8293), and an input to U3 
(8292). ATN I is an output from U6 and inputs to U5 
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and U4. T/R2 is an output from U5 and an input to 
U6. The 829lA may send EIOI as an END remote 
message over the GPIB indicating the end of a 
multiple byte transfer sequence, or in conjunction 
with ATN/, receive an EOIl during a parallel poll 
sequence. T/R2 controls the send/receive direction 
of EOIl at U6. EOIl will normally be received from 
the GPIB whenever another GPIB device is sending 
an END message and the 829lA is addressed to 
listen. ATNI is monitored by the 829lA to interpret 
the data on the DIOI lines. ATNI and EOIl are 
ANDed within U 4 to control the type of output (tri­
state or open collector) on DIOl-DI08 and DAV 
lines. These lines will have tristate outputs at all 
times except when both ATNI and EOIl are low 
(logical "I"). Whenever the 8292 is the Controller-In­
Charge of the GPIB the ATNI line is forced high by 
U6. If the 8292 is not the Controller-In-Charge the 
ATNI level will be determined by ATN from the 
GPIB. 

COUNT INPUT TO 8292 
This input monitors EOIl or NDACI (EOIl by 
default jumper). Every low to high transition of 
EOIl (or NDAC/) increments a counter internal to 
the 8282. A count of EOII (or NDAC/) transitions 
represent the number of data blocks (or bytes) that 
have taken place. The minimum period allowed for 
consecutive transitions is 7.5 microseconds. If the 
8292 is he active Controller of the GPIB, a GSEC 
command written to the 8292 will force the 8292 to 
standby state, CSBS, and then enable the internal 
counter and corresponding Event Counter Interrupt. 
When the 8292 is not the active Controller a GSEC 
command will exit immediately. The interrupt may 
be disabled by a SPCNI command written to the 
8292 or when the 8292 exits CSBS. However the 
counter will continue to count transitions. 

REN/, IFC/, SYC 
RENI is an output of U3 (8292), an input to U5 
(8291A), and bidirectional to U6 (8293). IFCI is bidi­
rectional to both U3 and U6 and an input to U5. SYC 
is pulled high by RPI (12 K ohm) or shorted low by a 
jumper, and it is an input to U3 and U6. The 8292 
monitors SYC to determine its initialization sequence 
at power on. If the 8292 input is the System Control­
ler (SYC = High = 1) it will execute an ABORT Com­
mand, become the Controller-In-Charge, and enter 
the CACS state. If it is not the System Controller, it 
will remain in CIDS. SYC also controls the transmit! 
receive direction of RENI and IFC/ at U6. When 
SYC is High both IFCI and REN I is transmitted on 
the GPIB from U6, where both are controlled by the 
8292. The 829lA monitors IFCI and RENI whether 
it be sourced from the 8292 or from the GPIB. The 
8292 only monitors IFCI when it is not the System 
Controller. 
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NRFDI, NDACI, TIRl 
NRFDI and NDACI are both bidirectional to U5 
(8291A) and U6 (8293). The transmit/receive direc­
tion of both signals are controlled by T IRI (at 8291A). 
When T IRI is High, both signals are received from 
the GPIB while the 8291A is in a Source Handshake 
sequence. When T/RI is Low, both signals are trans­
mitted to the GPIB while the 8291A is in an Acceptor 
Handshake sequence. 

SRQI, ATNI/, ATNOI, IFCLI, CLTHI, CICI 
SRQI is an input to U3 (8292), an output from U5 
(8291A) and bidirectional to U6 (8293). ATNII is an 
output from U6 and an input to U3. ATNOI is an 
output from U3 and an input to both U6 and U4 
(8293). IFCLI is an output from U6 and an input to 
both U3 and U 4. CLTH and CICI are both outputs 
from U3 and both inputs to U6. The 8291A may send 
SRQI during a Serial Poll sequence to the 8292 andl 
or out to the GPIB through U6. The 8292 receives 
SRQI from the 8291A and/or from the GPIB through 
U6. The transmit/receive direction for SRQI at U6 is 
determined by several other signals as discussed 
later. The ATNII signal is monitored by the 8292. Its 
source is either from ATN off the GPIB or from the 
ATNOI signal controller by the 8292. The source for 
generating ATNII is determined by several other 
signals as discussed later. IFCLI is monitored by the 
8292 when it is not the System Controller (SYC = 
Low). IFCLI is a latched low output from U6 when-
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ever an off-board System Controller sends IFC. The 
latch is cleared High after the 8292 sends CLTH 
(High pulse) to U6. ATNOI, IFCL!, and T/RI are 
gated in U4 to control the direction ofDAV/. If the 
8292 is the Controller-In-Charge conducting a Paral­
lel Poll sequence the 8291A must capture the Parallel 
Poll Response for the 8292. The 8291A becomes a 
listener while the 8292 asserts DAV I. T/Rl, IFCL/, 
and ATNOI are gated such that the DIOI lines are 
received by the 8291A while DAV I is neither trans­
mitted nor received by U4. The direction control for 
SRQI and the source for generating ATNII is deter­
mined by CICI and IFCL/. If IFCLI is not latched 
Low or has just been cleared and CICI is Low, then 
SRQI is a buffered output from SRQ, and ATNOI is 
the source for both ATNII and ATN outputs. If 
IFCLI is latched Low or CICI is High, then SRQI is 
an input buffer driving SRQ, and ATN is the source 
for both ATNI and ATNII. 

EOl21 
EOI2! is bidirectional to both U3 (8292) and U6 
(8293). The 8292 sends or monitors EOI2! during a 
Parallel Poll sequence. The transmit/receive direc­
tion of EOI2I is controlled by ATNOI and IFCL/. If 
the 8292 is conducting a Parallel Poll both ATNOI 
and E0I21 is asserted Low by the 8292. ATNOI Low 
enables E0I21 to be transmitted as EOI on the GPIB 
except when IFCLI is latched Low by the System 
Controller. 



5-1. INTRODUCTION 

This chapter provides the following service related 
information: 

a. ,Repair assistance information. 

b. Replacement parts list and diagram. 

c. Jumper post location diagram. 

d. Schematic diagrams. 

5-2. SERVICE AND REPAIR ASSISTANCE 

United States Customers can obtain service and 
repair assistance by contacting the Intel Product 
Service Hotline in Phoenix, Arizona. Customers out­
side the United States should contact their sales 
source (Intel Sales Office or Authorized Distributor) 
for service information and repair assistance. 

Before calling the Product Service Hotline, you 
should have the following information available: 

a. Date you received the product. 

b. Complete part number of the product (including 
dash number). On boards, this number is usually 
silk-screened onto the board. On other products, 
it is usually stamped on a label. 

c. Serial number of product. On boards, this num­
ber is usually stamped on the board. On other 
products, the serial number is usually stamped 
on a label. 

d. Shipping & billing addresses. 

e. If your Intel product warranty has expired, you 
must provide a purchase order number for billing 
purposes. 

f. If you have an extended warranty agreement, be 
sure to advise the Hotline personnel of this 
greement. 

Use the following numbers for contacting the Intel 
Product Service Hotline: 

TELEPHONE 

All U.S. locations, except Alaska, Arizona, & Hawaii: 

(800) 528 - 0595 

All other locations: (602) 869 - 4600 

TWX NUMBER: 910 - 951 - 1330 

CHAPTER 5 
SERVICE INFORMATION 

Always contact the Product Service Hotline before 
returning a product to Intel for repair. You will be 
given a repair authorization number, shipping 
instructions, and other important information which 
will help Intel provide you with fast, efficient service. 
If you are returning the product because of damage 
sustained during shipment or if the product is out of 
warranty, a purchase order is required before Intel 
can initiate the repair. 

In preparing the product for shipment to the Repair 
Center, use the original factory packing material, if 
possible. If this material is not available, wrap the 
product in a cushioning material such as Air Cap 
TH - 240, manufactured by the Sealed Air Corpora­
tion, Hawthorne, N.J. Then enclose in a heavy duty 
corrugated shipping carton, and label "FRAGILE" 
to ensure careful handling. Ship only to the address 
specified by Product Service Hotline personnel. 

5-3. REPLACEMENT PARTS 

A complete list of replacement parts is provided in 
Table 5-1. This list provides the part number, manu­
facturer, description and quantity of the item. Notice 
that each item is referenced in the parts location dia­
gram. Table 5-2 provides the full name of the manu­
facturer which is abbreviated in Table 5-1. Some of 
the parts are available from any normal commercial 
source, and should be ordered by their generic 
description. These items are called out as CML, 
rather than listing a specific part number. Figure 5-1 
shows the location of each iSBX 488 referenced part 
in Table 5-1. 

5-4. SERVICE DIAGRAMS 

Figure 5-2 provides a schematic diagram of the iSBX 
488 Multimodule Board. The schematic diagrams are 
current when the manual is printed. However, minor 
revisions to the diagrams may occur between manual 
printings. Therefore, Intel provides photocopies of 
the current schematic diagrams with the board, 
when it is shipped from the factory. These diagrams 
should be inserted into this manual for future refer­
ence. In most instances, the diagrams shipped with 
the board will be identical to those printed in the 
manual. 
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Table 5-1. Replacement Parts List 

------------------------------------~------------------------------------------
Ref Description Part Number Manllfacturer ~ 

Cl-6 Capacitor, Cere Z5U AXL .10 uf OBD CML 6 
C7 Capacitor, Tant. 22 uf 15v, 10% OBD CML 1 

G1 Oscillator, Crystal 6MHz HY-4550-6 Hytek 1 

P1 Connector, iSBX Multimodule 36 pin 292-0001 Viking 1 

Rl-2 Resistor, 470 ohm, 1/8W, 5% OBD CML 2 
RP1 Resistor Pack, 10-pin 12K OBD CML 1 

U1 Octal Latch 8282 Intel 1 
U2 Hex Inverter 74LS04 TI 1 
U3 GPIB Controller 8292 Intel 1 
U4, 6 GPIB Transceiver 8293 Intel 2 
U5 GPIB Talker/Listener 8291A Intel 1 
U7 2 Input Positive OR Gate 74LS32 TI 1 

-----------------------------------------------~-------------------------------

5-2 

Abbreviation 

Hytek 
Viking 
TI 
CML 
OBD 

Table 5-2. Manufacturers' Names 

Description 

Hytek Microsystems, Inc. 
Viking Connectors, Inc. 
Texas Instruments, Inc. 
Any commercial source 
Order by description 
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APPENDIX .A 
PL/M 80 SOFTWARE 

DRIVER LISTING EXAMPLE 

This program assumes that the iSBX 488 board has 
been initialized as a System Controller in Talk-Only 
(ton) mode, ATN is asserted, and no holdoffs are in 
effect or enabled. 

Four parameters must be passed to this routine: 
LISTEN$PTR, DATA$PTR, Count, and EOS. LIS­
TEN$PTR and DATA$PTR are the beginning 

addresses of the Listen list and data list, respectively. 
Count is the maximum number of bytes to be sent. 
EOS is the character which will assert the EOr line 
on the GPIB 488 bus. When Count is decremented to 
zero, or EOr is sent, the procedure will stop sending 
data and return to the calling program. 
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PUUEX: DO; 
WAIT$BO:PROCEDURE EXTERNAL; 
EHD "'AIUBO; 

;. 'II/ 
WAIT$T:PROCEDURE EXTERNALi 
END WA IUT; 

I. 'II/ 
SEND:PROCEDUP.E (LISTENHTP.,[lATA$PTR .. COUHT .. EOS) PUBLIC; 

DECLARE (LISTEH$PTR,DATASPTR) ADDRESS; 

/. 'II/ 

DECLARE (COUNT.EOS) BYTE; 
DECLARE LISTENER BASED lISTEN$PTR BYTE; 
DECLARE DATUM BASED DATASPTR BYTE; 

DECLARE DATA$OUT LITERALLY 'OFOH') 
DECLARE EOS$REG LITERALLY 'OF7H'; 
DECLARE CHOSREG LITERALLY 'OFBH'; 
DECLARE AUXSREG LI TERALL Y 'OF5H") 

DECLARE (MTA.UHL.GTSB.TCSY.EOIS.NDSEOI) BYTE 
DATA (' A' , .? I. OF6H. OFI>H, oaSH. OeOH); 

/* BEGIN PROGRAM HERE 'II/ 

1* *1 

iSBX 488 

OUTPUTCDATASOUT) = MTA: 1* SEND MY TALK ADDRESS *; 
CALL WAIT$BO; 
OUTPUT(OATA$OUT) = UNL; 
CAlL WAIUBO; 
OUTPUTCEOS$REG) = EOS; 

1* ADDRESS LISTENERS */ 

1* WAIT FOR 90 BrT SET IN 8291A *1 
;* SEND UNIVERSAL UHLISTEN *1 

1* LOAD EOS IN 91A EOS REG'll/ 

DO WHILE «LISTENER )= 20H) AHD (LISTENER (= 3EH»; 
OUTPUT(OATA$OUT) = LISTENER; 
CALL WAIUBO; 
LISTENSPTR = LISTENtPTR + 1; 

END; 
/* THEN GO TO STANDBY'll/ 

OUTPUT(CHOSREG) = GTSB; 
CALL WAITSTJ 1* WAIT FOR Tel lOW THAN HIGH*I 
OUTPUT<AUXSREG) = EOIS; 

/* SEND DATA TO LISTENER *1 
DO WHILE «COUNT (> 0) AND (DATUM () EOS»; 

OUTPUT<DATA$OUT) = DATUM; 
CALL WAITSBO; 
COUHT = COUNT - 1; 
DATASPTR = DATASPTR +1; 

END; 
1* SEND LAST BYTE *1 

OUTPUT(OATASOUT) = DATUM; 
CALL WA I UBO; 

/* TAKE CONTROL SYNCHRONOUSLY *1 
OUTPUT(CMDSREG) = TCSV; 
CALL WAIUT; 

QUTPUTtAUxsREG) = HOSEDI; 
OUTPUT(DATASOUT) = UNL; 
CALL WAIUB!); 

END SEND; 
END PlI1SEX J 

1* DISABLE EOI DN EOS *1 
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