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iSBC 86/12A

Table 3-9. Typical PIT Control Word Subroutine

;DESTROYS-AL.

PUBLIC INTTMR

INTTMR: MOV AL,30H
ouTt 0D6H,AL
MOV AL,70H
ouT 0D6H,AL
MOV AL,B6H
out 0D6H,AL
RET
END

JINTTMR INITIALIZES COUNTERS 0,1,2.

;COUNTERS 0 AND 1 ARE INITIALIZED AS INTERRUPT TIMERS.
;COUNTER 2 IS INITIALIZED AS BAUD RATE GENERATOR.
;ALL THREE COUNTERS ARE SET UP FOR 16-BIT OPERATION.

;MODE CONTROL WORD FOR COUNTER 0
;MODE CONTROL WORD FOR COUNTER 1
;MODE CONTROL WORD FOR COUNTER 2

Table 3-10. Typical PIT Count Value Load Subroutine

;LOADO LOADS COUNTEROFROMCX, CHIS MSB, CL ISLSB.
;USES-D,E: DESTROYS—AL.
PUBLIC LOADO
LOADO: MOV AL,C ;GET LSB
ouT ODOH,AL
MOV AL,CH ;GET MSB
ouT ODOH, AL
RET
END
register; this ensures that the count reading is b. Perform aread operation of desired counter; refer
accurate and stable. The latched value of the count to table 3-3 for counter addresses.

can then be read.

NOTE

If a counter is read during the down count, it
is mandatory to complete the read procedure;
that is, if two bytes were programmed to the
counter, then two bytes must be read before
any other operations are performed with that
counter.

To read the count of a particular counter, proceed as
follows (a typical counter read subroutine is given in

table 3-11):

NOTE

Be sure to read one or two bytes, whichever
was specified in the initialization mode
control word. For two bytes, read in the
order specified.

3-24. CLOCK FREQUENCY/DIVIDE RATIO
SELECTION. Table 2-4 lists the default and
optional timer input frequencies to Counters 0

a. Write counter register latch control word (figure through 2. Thetimerinput frequencies are divided by
3-11) to Port 00D6. Control word specifies the counters to generate TMRO INTR OUT (Counter
desired counter and selects counter latching 0), TMR1 INTR OUT (Counter 1), and the 8251A

operation.

3-14
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D; Dg Ds Dy D3 D, Dy Dy

SC1iSCoj 0 | O | X | X | X | X

| I— It IL i

L Don't Care

L—— Selects Counter Latching
Operation

- Specifies Counter to be Latched

Figure 3-11. PIT Counter Register
Latch Control Word Format

Each counter must be programmed with a down-
count number, or count value N. When count valueN
is loaded into a counter, it becomes the clock
divisor. To derive N for either synchronous or
asynchronous RS232C operation, use the procedures
described in the following paragraphs.

3-25. Synchronous Mode. In the synchronous mode,
the TXC and/or RXC rates equal the Baud rate.
Therefore, the count value is determined by:

N=C/B

where N is the count value,
B is the desired Baud rate, and
C is 1.23 MHz, the input clock frequency.

Thus, for a 4800 Baud rate, the required count value
N) is:

6
L23x10° o0

N= =750 256

Programming Information

If the binary equivalent of count value N = 256 is
loaded into Counter 2, then the output frequency is
4800 Hz, which is the desired clock rate for synchro-
nous mode operation. Note that counter 2 must bein
binary mode.

3-26. Asynchronous Mode. In the asynchronous
mode, the TXC and/or RXC rates equal the Baud rate
times one of the following multipliers: X1, X16, or
X64. Therefore, the count value is determined by:

N=C/BM

where N is the count value,
B is the desired Baud rate,
M is the Baud rate multiplier (1, 16, or 64,)
and
C is 1.23 MHz, the input clock frequency.

Thus, for a 4800 Baud rate, the required count value
N) is:
1.23 x 108

N= 10=16 °

Is

If the binary equivalent of count value N = 16 is
loaded into Counter 2, then the output frequency is
4800 x 16 Hz, which is the desired clock rate for
asynchronous mode operation. Count values (N)
versus rate multiplier (M) for each Baud rate are
listed in table 3-12.

NOTE

During initialization, be sure to load the
count value (N) into the appropriate counter
and the Baud rate multiplier (M) into the
8251A USART.

3-27. RATE GENERATOR/INTERVAL
TIMER. Table 3-13 shows the maximum and
minimum rate generator frequencies and timer
intervals for Counters 0 and 1 when these counters,

Table 3-11. Typical PIT Counter Read Subroutine

;DESTROYS-AL,CX.
READ1

PUBLIC

READ1: MoV AL,40H
ouTt O0D6H,AL
IN AL,0D2H
MOV CLA
IN AL,0D2H
MOV CH.AL
RET
END

;READ1 READS COUNTER 1 ON-THE-FLY INTO CX. MSB IN CH, LSB IN CL.

;MODE WORD FOR LATCHING COUNTER 1 VALUE
'LSB OF COUNTER
;MSB OF COUNTER

3-15



Programming Information

Table 3-12. PIT Count Value Vs Rate
Multiplier for Each Baud Rate

Baud Rate: *Count Value (N) For
(B) M=1 M =16 M = 64
75 16384 1024 256
110 11171 698 175
150 8192 512 128
300 4096 256 64
600 2048 128 32
1200 1024 64 16
2400 512 32 8
4800 256 16 4
9600 128 8
19200 64 4
38400 32 2
76800 16
*Count Values (N) assume clock is 1.23 MHz. Double
Count Values (N) for 2.46 MHz clock. Count Values (N)
and Rate Multipliers (M) are in decimal.

respectively, have 1.23-MHz and 153.6-kHz clock
inputs. The table also provides the maximum and
minimum generator frequencies and time intervals
that may be obtained by connecting Counters 0 and 1
in series.

3-28. INTERRUPT TIMER. To program an
interval timer for an interruption terminal count,
program the appropriate timer for the correct
operating mode (Mode 0) in the control word. Then
load the count value (N), which is derived by:

N=TC
where

N is the count value for Counter 1,

T is the desired interrupt time interval in
seconds, and

C is the internal clock frequency (Hz).

iSBC 86/12A

Table 3-14 shows the count value (N) required for
several time intervals (T) that can be generated for
Counters 0 and 1.

Table 3-14. PIT Time Intervals Vs Timer

Counts
T N*
10 wsec 12
100 usec 123
1 msec 1229
10 msec 12288
50 msec 61440

*Count Values (N) assume clock is 1.23
MHz. Count Values (N) are in decimal.

3-29. 8255A PPI PROGRAMMING

The three parallel 1/0 ports interfaced to connector
J1 are controlled by an Intel 8255A Programmable
Peripheral Interface chip. Port A includes bidirec-
tional data buffers and Ports B and C include IC
sockets for installation of either input terminators or
output drivers depending on the user’s application.

Default jumpers set the Port A bidirectional data
buffers to the output mode. Optional jumpers allow
the bidirectional data buffers to be set to the input
mode or allow any one of the eight Port C bits to
selectively set the Port A bidirectional data buffers to
the input or output mode.

Table 2-7 lists the various operating modes for the
three PPI parallel I/0 ports. Note that Port A (00C8)
can be operated in Modes 0, 1, or 2; Port B (00CA) can
be operated in Mode 0 or 1; Port C (00CC) can be
operated in Mode 0.

Table 3-13. PIT Rate Generator Frequencies and Timer Intervals

Single Timer! (Counter 0) Single Timer? (Counter 1) Dual Timer® (0 and 1 in Series)

Minimum Maximum Minimum Maximum Minimum Maximum
Rate Generator (frequency) 18.75 Hz 614.4 kHz 2.344 Hz 76.8 kHz 0.00029 Hz 307.2 kHz
Real-Time Interrupt (interval) 1.63 usec 53.3 msec 13 psec 426.67 msec 3.26 usec 58.25 minutes

NOTES:
1. Assuming a 1.23-MHz clock input.
2. Assuming a 153.6-kHz clock input.

3. Assuming Counter 0 has 1.23-MHz clock input.
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3-30. CONTROL WORD FORMAT

The control word format shown in figure 3-12 is used
to initialize the PPI to define the operating mode of
the three ports. Notethat the ports areseparated into
two groups. Group A {(control word bits 3 through 6)
defines the operating mode for Port A (00C8) and the
upper four bits of Port C (00CC). Group B (control
word bits 0 through 2) defines the operating mode for
Port B (00CA) and the lower four bits of Port C
(00CC). Bit 7 of the control word controls the mode
set flag.

3-31. ADDRESSING

The PPI uses four consecutive even addresses (00C8

CONTROL WORD

D, | Dg | Ds | Dy | D3| D, | D, | D

I__
]

GROUP B

PORT C (LOWER)
1= INPUT
0= OUTPUT

PORT B
1= INPUT
0=0UTPUT

MODE SELECTION
0=MODEO
1=MODE 1

GROUP A

PORT C (UPPER)
1= INPUT
0=0UTPUT

PORT A
1=INPUT
0=0UTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2

MODE SET FLAG
1=ACTIVE

Figure 3-12. PPI Control Word Format

Programming Information

through 00CE) for data transfer, obtaining the status
of Port C (00CC), and for port control. (Refer to table
3-3.)

3-32. INITIALIZATION

To initialize the PPI, write a control word to port
00CE. Refer tofigure 3-12 and table 3-15 and assume
that the control word is 92 (hexadecimal). This
initializes the PPI as follows:

a. Mode Set Flag active

b. Port A (00C8) set to Mode 0 Input

c. Port C (00CC) upper set to Mode 0 Output
d. Port B (00CA) set to Mode 0 Input

e. Port C (00CC) lower set to Mode 0 Output

3-33. OPERATION

After the PPI has been initialized, the operation is
completed by simply performing a read or a write to
the appropriate port.

3-34. READ OPERATION. A typical read sub-
routine for Port A is given in table 3-16.

3-35. WRITE OPERATION. A typical write
subroutine for Port Cis givenin table 3-17. Asshown
in figure 3-13, any of the Port C bits can be selectively
set or cleared by writing a control word to Port 00CE.

3-36. 8259A PIC PROGRAMMING

The 8259A PIC functions as an overall managerin an
interrupt-driven system environment. It accepts
requests from the peripheral equipment, determines
which of the incoming requests is of the highest
importance (priority), ascertains whether the
incoming request has a higher priority value than the
level currently being serviced, and may issue an
interrupt to the CPU based on this determination.

The on-board master 8259A PIC handles up to eight
vectored priority interrupts and has the capability of
expanding the number of priority interrupts by
cascading one or more ofits interrupt input lines with
slave 8259A PIC’s. (Refer to paragraph 2-14.)

The basic functions of the PIC are to (1) resolve the
priority of interrupt requests, (2) issue a single
interrupt request to the CPU based on that priority,
and (3) send the CPU a vectored restart address for
servicing the interrupting device.
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Table 3-15. Typical PPI Initialization Subroutine

INTPAR:

;INTPAR INITIALIZES PARALLEL PORT MODES.
;DESTROYS-AL.

PUBLIC INTPAR

MOV AL,92H ;MODE WORD TO PPI PORT A&B IN,C OUT
out O0CEH, AL

RET

END

Table 3-16. Typical PPI Port Read Subroutine

;AREAD READS A BYTE FROM PORT A INTO REG AL.
;DESTROYS-AL.

AREAD

AREAD: IN AL,0C8H ;GET BYTE
RET

END

Table 3-17. Typical PPI Port Write Subroutine

;COUT OUTPUTS A BYTE FROM REG AL TO PORT C.
;USES-AL; DESTROYS-NOTHING.

PUBLIC cout

COuT: ouTt O0CCH,AL ;OUTPUT BYTE
RET

END

CONTROL WORD

3-37. INTERRUPT PRIORITY MODES

The PIC can be programmed to operate in one of the

O7 | Pe | P Pa D2 0z 01 D following modes:
a. Nested Mode
BIT SET/RESET
*Et 0~ Reser b. Fully Nested Mode
DON'T
CARE c. Automatic Rotating Mode
AT d. Specific Rotating Mode
Sl elalitey e. Special Mask Mode
0]0]0|0f1{1{1]1]|B
f. Poll Mode
BIT SET/RESET FLAG 3-38. NESTED MODE. In this mode, the PIC
0= ACTIVE input signals are assigned a priority from 0 through
7. The PIC operates in this mode unless specifically
Figure 3-13. PPI Port C Bit Set/Reset p?ogramm'ed_ otherwise. Interrupt IR0 ha-s ?he
Control Word Format highest priority and IR7 has the lowest priority.

When an interrupt is acknowledged, the highest
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priority request is available to the CPU. Lower
priority interrupts are inhibited; higher priority
interrupts will be able to generate an interrupt that
will be acknowledged if the CPU has enabled its own
interrupt input through software. The End-Of-
Interrupt (EQI) command from the CPU is required to
reset the PIC for the next interrupt.

3-39. FULLY NESTED MODE. This mode is
used only when one or more PIC’s are slaved to the
master PIC, in which case the priority is conserved
within the slave PIC’s.

The operation in the fully nested mode is the same as
the nested mode except as follows:

a. When an interrupt from a slave PIC is being
serviced, that particular PIC is not locked out
from the master PIC priority logic. That is,
further interrupts of higher priority within this
slave PIC will be recognized and the master PIC
will initiate an interrupt to the CPU.

b. When exiting the interrupt service routine, the
software must check to determine if another
interrupt is pending from the same slave
PIC. This is done by sending an End-Of-
Interrupt (EOI) command to the slave PIC and
then reading its In-Service (IS) register. If theIS
register is clear (empty), an EOI command is sent
to the master PIC. If the IS register is not clear
(interrupt pending), no EOI command should be
sent to the master PIC.

3-40. AUTOMATIC ROTATING MODE. In this
mode, the interrupt priority rotates. Once an
interrupt on a given input is serviced, that interrupt
assumes the lowest priority. Thus, if there are a
number of simultaneous interrupts, the priority will
rotate among the interrupts in numerical order. For
example, if interrupts IR4 and IR6 request service
simultaneously, IR4 will receive the highest priority.
After service, the priority level rotates sothat IR4 has
the lowest priority and IR5 assumes the highest
priority. In the worst case, seven other interrupts are
serviced before IR4 again has the highest priority. Of
course, if IR4 is the only request, it is serviced
promptly. The priority shifts when the PIC receives
an End-Of-Interrupt (EOI) command.

3-41. SPECIFIC ROTATING MODE. In this
mode, the software can change interrupt priority by
specifying the bottom priority, which automatically
sets the highest priority. For example, if IR5 is
assigned the bottom priority, IR6 assumes the
highest priority. In specific rotating mode, the
priority can be rotated by writing a Specific Rotate at
EOI (SEOI) command to the PIC. This command
contains the BCD code of the interrupt being

Programming Information

serviced; that interrupt is reset as the bottom
priority. In addition, the bottom priority interrupt
can be fixed at any time by writing a command word
to the appropriate PIC.

3-42. SPECIAL MASK MODE. One or more of
the eight interrupt request inputs can be individually
masked during the PIC initialization or at any
subsequent time. If an interrupt is masked while itis
being serviced, lower priority interrupts are inhi-
bited. There are two ways to enable the lower priority
interrupts:

a. Write an End-Of-Interrupt (EOI) command.
b. Set the Special Mask Mode.

The Special Mask Mode is useful when one or more
interrupts are masked. If for any reason an input is
masked while it is being serviced, the lower priority
interrupts are disabled. However, it is possible to
enable the lower priority interrupt with the Special
Mask Mode. In this mode, the lower priority lines are
enabled until the Special Mask Modeis reset. Higher

priorities are not affected.

3-43. POLL MODE. In this mode the CPU inter-
nal Interrupt Enable flip-flop is clear (interrupts
disabled) and a software subroutineis used toinitiate
a Poll command. InthePoll Mode, the addressed PIC
treats an I/0 Read Comand as an interrupt
acknowledge, sets its In-Service flip-flop if there is a
pending interrupt request, and reads the priority
level. This mode is useful if thereis a common service
routine for several devices.

3-44. STATUS READ

Interrupt request inputs are handled by the following
three internal PIC registers:

a. Interrupt Request Register (IRR), which stores
all interrupt levels that are requesting service.

b. In-Service Register (ISR), which stores all
interrupt levels that are being serviced.

c. Interrupt Mask Register IMR), which stores the
interrupt request lines which are masked.

These registers can be read by writing a suitable

command word and then performing a read opera-
tion.

3-45. INITIALIZATION COMMAND WORDS

The on-board master PIC and each slave PIC requires
a separate initialization sequence to work in a
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particular mode. The initialization sequence re-
quires three Initialization Command Words (ICW’s)
for a single PIC system and requires four ICW’s for a
master PIC with one to eight slaves. The ICW

formats are shown in figure 3-14.

(5]
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0 - NOT SINGLE

1- LEVEL TRIGGERED INPUT
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The first Initialization Command Word (ICW1),
which is required in all modes of operation, consists
of the following:

a. Bits 0 and 4 are both 1’s and identify the word as

ICW1 for an 8086 CPU operation.

. Bit 1 denotes whether or not the PIC is employed

in a multiple PIC configuration. For a single
master PIC configuration (no slaves), bit 1=1; for
a master with one or more slaves, bit 1=0.

NOTE

Bit 1=0 when programming a slave PIC.

. Bit 3 establishes whether the interrupts are

requested by a positive-true level input or
requested by a low-to-high input. This applies to
all input requests handled by the PIC. In other
words, if bit 3=1, a low-to-high transition is
required to request an interrupt on any of the
eight levels handled by the PIC.

The second Initialization Command Word (ICW2)
represents the vectoring byte (identifier) and is
required by the 8086 CPU during interrupt process-
ing. ICW2 consists of the following:

a. Bits D3-D7 (A11-A15) represent the five most

significant bits of the vector byte. These are
supplied by the programmer.

. Bits D0-D2 represent the interrupt level request-

ing service. These bits are provided by the 8259A
during interrupt processing. These bits should
be programmed as 0’s when initializing the PIC.

NOTE

The 8086 CPU multiplies the vector byte by
four. This value is then used by the CPU as
the vector address.

Table 3-18 lists the vector byte contents for interrupts
IRO-IR7.

Table 3-18. Interrupt Vector Byte

0 - NOT FULLY NESTED MODE D7 DB DS D4 D3 D2 D1 DO

IR7 | A15 [A14 [A13 [A12 [A11 | 1 1 1

NOTE 1: SLAVED ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. |R6 A15 Al4 A13 A12 A11 1 1 0
NOTE 2: X INDICATED “DON'T CARE".

IR5 | A15 [A14 [A13 [A12 TAT1 [ 1 0 1

IR¢ | A15 [A14 [A13 [A12]ATT |1 o] o

IR3 | A15 [A14 [A13 | A11]A10 ] O 1 1

Figure 3-14. PIC Initialization Command IR2_| A5 JA14 JA1S JAT2 |ATT ] O L1 10

Word Formats IR1 | A15 |Aa14 [Aa13Aa12]Aa11 ] 0 | O 1

IRO_ | A15 |Aa14 JAa13fAa12 (A1 ] o |0 0
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The third Initialization Command Word (ICW3) is
required only if bit 1=0 in ICW1, specifying that
multiple PIC’s are used; i.e., one or more PIC’s are
slaved to the on-board master PIC. ICW3 program-
ming can be in one of two formats: master mode
format and slave mode format.

a. For master mode, the D0-D7 (S0-S7) bits corres-
pond to the IRO-IR7 bits of the master PIC. For
example, if a slave PIC is connected to the master
PIC IR3 input, code bit 3=1.

b. For aslave PIC, the DO-D2 (ID0-ID2) bits identify
the master IR line that the slave PIC is connected
to. The slave compares its cascade input (genera-
ted by the master PIC) with these bits and, ifthey
are equal, the slave releases an interrupt vector
byte upon the reception of the second INTA
during interrupt processing. For example, if a
slave is connected to the master interrupt line
IR5, code bits ID0-ID2=101.

The fourth Initialization Command Word (ICW4),
which is required for all modes of operation, consists
of the following:

a. Bit DO is a 1 to identify that the word is for an
8086 CPU.

b. Bit D1 (AEOI) programs the end-of-interrupt
function. Code bit 1=1 if an EOI is to be
automatically executed (hardware). Code Bit 1=0
if an EOI command is to be generated by
software before returning from the service
routine.

c. Bit D2 (M/S) specifies if ICW4 is addressed to a
master PIC or a slave PIC. For example, code bit
2=1 in ICW4 for the master PIC. If bit D3 (BUF)
is zero, bit D2 has no function.

d. Bit D3 (BUF) specifies whether the 8259A is
operating in the buffered or nonbuffered mode.
For example, code bit 3=1 for buffered mode.

The master PIC in an iSBC 86/12A, with or
without slaves, must be operated in the buffered
mode.

e. Bit D4 (FNM) programs the nested or fully nested
mode. (Refer to paragraphs 3-38 and 3-39).

In summary, three or four ICW’s are required to
initialize the master and each slave PIC. Specifi-
cally

e Master PIC — No Slaves

ICW1
ICW2
ICW4

Programming Information

e Master PIC — With Slave(s)

ICW1
ICW2
ICW3

T4

LUV T

e Each Slave PIC

ICW1
ICW2
ICW3
ICW4

3-46. OPERATION COMMAND WORDS

After being initialized, the master and slave PIC’s
can be programmed at any time for various operating
modes. The Operation Command Word (OCW)
formats are shown in figure 3-15 and discussed in
paragraph 3-49.

3-47. ADDRESSING

The master PIC uses Port 00CO or 00C2 to write
initialization and operation command words and
Port 00C4 or 00C6 to read status, poll, and mask
bytes. Addresses for the specific functions are
provided in table 3-3.

Slave PIC’s, if employed, are accessed via the
Multibus interface and their addresses are deter-
mined by the hardware designer.

3-48. INITIALIZATION

To initialize the PIC’s (master and slaves), proceed as
follows (table 3-19 provides a typical PIC initializa-
tion subroutine for a PIC operated in the non-bus
vectored mode; tables 3-20 and 3-21 are typical
master PIC and slave PIC initialization subroutines
for the bus vectored mode):

a. Disable system interrupts by executing a CLI
(Clear Interrupt Flag) instruction.

b. Initialize master PIC by writing ICW’s in the
following sequence:

(1) Write ICW1 to Port 00CO and ICW2 to
Port 00C2.

(2) Ifslave PIC’s are used, write ICW3 and ICW4
to Port 00C2. If no slave PIC’s are used,
omit ICW3 and write ICW4 only to Port
00C2.

c. Initialize each slave PIC by writing ICW’s in the
following sequence: ICW1, ICW2, ICW3, and
ICW4.
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INTERRUPT MASK
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0 = MASK RESET
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0
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-
-
-l
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Non-specific EOI

,Rotate at EQI Automatically

Set Rotate A FF
Clear Rotate A FF
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ojolo|c

No Operation

Specific EOL. LO-L2 code of IS FF to be reset

Rotate at EOI. LO-L2 code of line

Rotate priority independently of EOI

ocw3
D; D Dg DO D3 D D Dy

0 |[ESMM{SMM | © 1 P | ERIS| RIS

DON'T

READ IN-SERVICE REGISTER

CARE

0 1 0 !
0 0 ! !
READ READ
IRREG |ISREG
NO ACTION ON NEXT | ON NEXT
RD PULSE | RD PULSE
POLLING

A HIGH ENABLES THE NEXT
TO READ THE BCD CODE OF

RD PULSE
THE HIGH-

EST LEVEL REQUESTING INTERRUPT.

SPECIAL MASK MODE
0 1 ] 1
0 ] 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Figure 3-15. PIC Operation Control Word Formats
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Table 3-19. Typical PIC Initialization Subroutine (NBV Mode)

;JINT59 INITIALIZES THE PIC. A 32-BYTE ADDRESS BLOCK BEGINNING WITH
;00020H IS SET UP FOR INTERRUPT SERVICE ROUTINES.

;PIC MASK IS SET, DISABLING ALL PIC INTERRUPTS.

;PIC IS IN FULLY NESTED MODE, NON-AUTO EOI.

;USES SMASK; DESTROYS-A.

PUBLIC INTS9
EXTRN SMASK

INT59: MOV AL,13H
ouT OCOH,AL ;ICW1 TO PIC
MOV AL,08H
ouT 0C2H,AL ;ICW2 TO PIC
MoV AL,1DH
ouT 0C2H,AL ;ICW4 TO PIC
MOV AL,OFFH
CALL SMASK
RET
END

Table 3-20. Typical Master PIC Initialization Subroutine (BV Mode)

;INTMA INITIALIZES MASTER PIC WITH A SINGLE SLAVE ATTACHED
;TO THE 0 LEVEL INTERRUPT INPUT.

;PIC MASK IS SET WITH ALL PIC INTERRUPTS DISABLED.

;MASTER PIC IS FULLY NESTED, NON-AUTO EOI.

;USES SMASK; DESTROYS AL.

PUBLIC INTMA
EXTRN SMASK

INTMA: MOV AL,11H ;ICW1
ouT O0COH,AL
MOV AL,08H ;ICw2
ouT 0C2H,AL
MOV AL,01H ;ICW3
ouT 0C2H,AL
MOV AL,1DH ;ICW4
ouT 0C2H,AL
MOV AL,OFFH
CALL SMASK
RET
END

Table 3-21. Typical Slave PIC Initialization Subroutine (BV Mode)

;INTSL INITIALIZES A SLAVE PIC LOCATED AT ADDRESS BLOCK
;BEGINNING WITH 00040H.

;PIC IS FULLY NESTED, NON-AUTO EOI.

;PIC IS IDENTIFIED AS SLAVE 0.

;USES-SETI, DESTROYS-AL.

PUBLIC INTSL

INTSL: MOV AL 11H ;ICW1
ouT OCOH,AL
MoV AL,10H ;ICW2
ouT 0C2H,AL
MOV AL,00H ;ICW3
ouT 0C2H,AL
MOV AL,19H ;ICW4
ouT 0C2H,AL
RET
END
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d. Enable system interrupts by executing an STI
(Set Interrupt Flag) instruction.

NOTE

Each PIC independently operates in the
nested mode (paragraph 3-38) after initial-
ization and before an Operation Control
Word (OCW) programs it otherwise.

3-49. OPERATION

After initialization, the master PIC and slave PIC’s
can independently be programmed at any time by an
Operation Command Word (OCW) for the following
operations:

a. Auto-rotating priority.

b. Specific rotating priority.

iSBC 86/12A

Status read of Interrupt Request Register (IRR).

o

A

Status read of In-Service Register (ISR).

e. Interrupt mask bits are set, reset, or read.

h

Special mask mode set or reset.

Table 3-22 lists details of the above operations. Note
that an End-Of-Interrupt (EOI) or a Special End-Of-
Interrupt (SEOI) command is required at the end of
each interrupt service routine to reset the ISR. The
EOI command is used in the fully nested and auto-
rotating priority modes and the SEOI command,
which specifies the bit to be reset, is used in the
specific rotating priority mode. Tables 3-23 through
3-27 provide typical subroutines for the following:

a. Read IRR (table 3-23).
b. Read ISR (table 3-24).

Table 3-22. PIC Operation Procedures

Operation

Procedure

Auto-Rotating
Priority Mode

To set:

In OCW2, write a Rotate Priority at EOl command (AOH) to Port 00CO.

Terminate interrupt and rotate priority:
In OCW?2, write EOlI command (20H) to Port 00CO.

Specific Rotating To set:

Priority Mode

In OCW2, write a Rotate Priority at SEO! command in the following
format to Port 00CO:

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

1 1. 1 0 0 L2 L1 Lo

‘,d
}

r
BCD of IR line to be reset and/or put into lowest priority.

To terminate interrupt and rotate priority:
In OCW2, write an SEOI command in the following format to Port 00CO.

D2 | D1 | DO

D7 | D6 | D5 | D4 | D3

0 1 1 0 0 L2 L1 LO
“

I
BCD of ISR flip-flop to be reset.

To rotate priority without EOI:
In OCW?2, write a command word in the following format to Port 00CO:

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

1 1 0 0 0 L2 L1 LO
—— ——
_l

i
BCD of bottom priority IR line.
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Table 3-22. PIC Operation Procedures (Continued)

Operation Procedure
Interrupt Request The IRR stores a “1” in the associated bit for each IR input line that is requesting
Register (IRR) an interrupt. To read the IRR (refer to footnote):
Status

(1) Write 0AH to Port 00CO.
(2) Read Port 00CO. Status is as follows:

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

IR Line: 7 6 5 4 3 2 1 0
In-Service The ISR stores a “1” in the associated bit for priority inputs that are being serviced.
Register (ISR) The ISR is updated when an EOl command is issued. To read the ISR (refer

Status to footnote):

(1) Write 0BH to Port 00CO.
(2) Read Port 00CO. Status is as follows:

D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

IR Line: 7 6 5 4 3 2 1 0

Be sure to reset ISR bit at end-of-interrupt when in the following modes:

Auto-Rotating (both types) and Special Mask. To reset ISR in OCW2, write:

|D7}D¢5105|D4|03|02]D1]Do|

0 1 1 0 0 L2 L1 LO

\—,d
i
r
BCD identifies bit to be reset.
Interrupt Mask To set mask bits in OCW1, write the following mask byte to Port 00C2:
Register
D7 | De | D5 | D4 | D3 | D2 | D1 | DO
IR Bit Mask: M7 M6 M5 M4 M3 M2 M1 MO
1 = Mask Set, 0 = Mask Reset
To read mask bits, read Port 00C2.
Special Mask The Special Mask Mode enables desired bits that have been previously masked;
Mode lower priority bits are also enabled.
To set, write 68H to Port 00CO.
To reset, write 48H to Port 00CO.
NOTE:

If previous operation was addressed to same register, it is not necessary to rewrite the OCW.
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c. Set mask register (table 3-25).
d. Read mask register (table 3-26).
e. Issue EOI command (table 3-27).

3-50. HARDWARE INTERRUPTS

The 8086 CPU includes two hardware interrupt
inputs, NMI and INTR, classified as non-maskable
and maskable, respectively.

3-51. NON-MASKABLE INTERRUPT (NMI)

The NMI input has the higher priority of the two
interrupt inputs. A low-to-high transition on the
NMI input will be serviced at the end of the current
instruction or between whole moves of a block-type
instruction. Worst-case response to NMI is during a
multiply, divide, or variable shift instruction.

iSBC 86/12A

When the NMI input goes active, the CPU performs

the following:

a. Pushes the Flag registers onto the stack (same as
a PUSHF instruction).

b. If not already clear, clears the Interrupt Flag
(same as a CLI instruction); this disables
maskable interrupts.

c. Transfers control with an indirect call through
vector location 00008.

The NMI input is intended only for catastrophic error
handling such as a system power failure. Upon
completion of the service routine, the CPU automati-
cally restores the flags and returns to the main
program.

Table 3-23. Typical PIC Interrupt Request Register Read Subroutine

;DESTROYS-AL.

PUBLIC RRO
RRO: MOV AL,0AH

ouT O0COH,AL

IN AL,0COH

RET

END

;RRO READS PIC INTERRUPT REQUEST REG.

;OCW3 RR INSTRUCTION TO PIC

Table 3-24. Typical PIC In-Service Register Read Subroutine

;DESTROYS-A.
PUBLIC RISO

RISO: MoV AL,0BH
ouT O0COH,AL
IN AL,0COH
RET
END

;R1S0 READS PIC IN-SERVICE REGISTER.

;OCWB3 RIS INSTRUCTION TO PIC

Table 3-25. Typical PIC Set Mask Register Subroutine

;'SMASK STORES AL REG INTO PIC MASK REG.
;A ONE MASKS OUT AN INTERRUPT, A ZERO ENABLES IT.
;USES-AL, DESTROYS-NOTHING.

PUBLIC SMASK
SMASK: ouTt 0C2H.AL

RET

END
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Table 3-26. Typical PIC Mask Register Read Subroutine

;DESTROYS-AL.
PUBLIC

RMASK: IN
RET

END

;RMASK READS PIC MASK REG INTO AL REG.

RMASK
AL,0C2H

Table 3-27. Typical PIC End-Of-Interrupt Command Subroutine

;DESTROYS-AL.

;EOI ISSUES END-OF-INTERRUPT TO PIC.

PUBLIC EOI

EOL: MOV AL,20H
ouT O0COH,AL
RET
END

;NON-SPECIFIC EOI

3-52. MASKABLE INTERRUPT (INTR)

The INTR input has the lower priority of the two
interrupt inputs. A high level on the INTR input will
be serviced at the end of the current instruction or at
the end of a whole move for a block-type instruction.

When INTR goes active, the CPU performs the
following (assuming the Interrupt Flag is set):

a. Issues two acknowledge signals; upon receipt of
the second acknowledge signal, the interrupting
device (master or slave PIC) will respond with a
one-byte interrupt identifier.

b. Pushes the Flag registers onto the stack (same as
a PUSHF instruction).

¢. Clears the Interrupt Flag, thereby disabling
further maskable interrupts.

d. Multiplies by four (4) the binary value (X)
contained in the one-byte identifier from the
interrupting device.

e. Transfers control with an indirect call through
location 4X.

Upon completion of the service routine, the CPU
automatically restores its flags and returns to the
main program.

3-53. MASTER PIC BYTE IDENTIFIER. The
master (on-board) PIC responds to the second
acknowledge signal from the CPU only if the
interrupt request is from a non-slaved device; i.e., a

device that is connected directly to one of the master
PIC IR inputs. The master PIC has eight IR inputs
numbered IR0 through IR7, which are identified by a
3-bit binary number. Thus, if an interrupt request
occurs on IR5, the master PIC responds to the second
acknowledge signal from the CPU by outputting the
byte 000001012(051). The CPU multiplies this value
by four and transfers control with an indirect call
through 000101002(14#).

3-54. SLAVE PIC BYTE IDENTIFIER. Each
slave PIC is initialized with a 3-bit identifier (ID) in
ICW3. These three bits will form a part of the byte
identifier transferred to the CPU in response to the
second acknowledge signal.

The slave PIC requests an interrupt by driving the
associated master PIC IR line. The master PIC, in
turn, drives the CPU INTR input high and the CPU
outputs the first of two acknowledge signals. In
response to the first acknowledge signal, the master
PIC outputs a 3-bit binary code to slaved PIC’s; this
3-bit code allows the appropriate slave PIC to
respond to the second acknowledge signal from the
CPU.

Assume that the slave PIC has the ID code 111,
assigned in ICW3, and that the device requesting
serviceis driving the IR21line (010). Thus, in response
to the second acknowledge signal, the slave PIC
outputs 001110102(3An). The CPU multiplies this
value by four and transfers control with an indirect
call through 111010002(E8n).
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CHAPTER 4

4-1. INTRODUCTION

This chapter provides a functional description and a
circuit analysis of the iSBC 86/12A Single Board
Computer. Figures 4-1 and 4-2, located at the end of
this chapter, are simplified foldout logic diagrams
that illustrate the functional interface between the
8086 microprocessor (CPU) and the on-board
facilities and between the CPU and the system
facilities via the Multibus interface. Also shown in
figure 4-2 is the Dual Port Control Logic that allows
the iISBC 86/12A board to-function in a master/slave
relationship with the Multibus interface to allow
another bus master to access the on-board dual port
RAM.

4-2, FUNCTIONAL DESCRIPTION

A brief description of the functional blocks of logic
comprising the iSBC 86/12A board is given in the
following paragraphs. An operational circuit
analysis is given beginning with paragraph 4-13.

4-3. CLOCK CIRCUITS

The clock circuit composed of A16, A17, and A18 is
stabilized by a 22.1184-MHz crystal. This circuit
provides nominal 153.6-kHz, 1.23-MHz, and 2.46-
MHz optional clock frequencies to the 8253 Program-
mable Interval Timer (PIT); 2.46-MHz Baud rate
clock to the 8251A Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART); and a
22.12-MHz clock frequency to the Dual Port Control
Logic and RAM Controller.

The clock circuit composed of A80 and A63 is
stabilized by an 18.432-MHz crystal. This circuit
divides the erystal frequency by two to provide the
nominal 9.22-MHz Bus Clock (BCLK/)and Constant
Clock (CCLK/) signals to the Multibus interface.
(The BCLK/ signal is also used by the 8289 Bus
Arbiter.) Removable jumpers are provided to allow
this clock circuit to be disabled if some other source
supplies BCLK/ and CCLK/ to the Multibus
interface.

Clock generator A38 is stabilized by a 15-MHz
crystal and provides a nominal 5-MHz clock to CPU
A39, Status Decoder A81, Bus Arbiter A82, and Bus
Command Decoder A83. Clock A38 also provides a
reset signal on power-up and when commanded to do
so by an optional signal supplied via auxiliary

connector P2. The RESET signal initializes the
system as well as certain iSBC 86/12A board
components to a known internal state.

4-4. CENTRAL PROCESSOR UNIT

The 8086 Microprocessor (CPU A39), which is the
heart of the single board computer, performs the
system processing functions and generates the
address and control signals required to access
memory and I/O devices. Control signals S0, S1,
and S2 are driven by the CPU and decoded by Status
Decoder A81 to develop the various signals required
to control the board. The CPU AD0-AD15 pins are
used to multiplex the 16-bit input/output data and
the lower 16-bits of the address. During the first part
of a transfer cycle, for example, the lower 16-bits
(AD0-AD15) and the upper 4-bits (AD16-AD19) are
strobed into Address Latch A40/41/57 by the
Address Latch Enable (ALE) signal. (The ALE
signal is derived by decoding S0, S1, and S2.) The
Address Latch outputs form the 20-bit address bus
ABO0-AB13; i.e., ABO-ABF and AB10-AB13. During
the remainder of the transfer cycle, the AD0-AD15
pins of the CPU are used to form the 16-bit data bus
ADO-ADF.

4-5. INTERVAL TIMER

The 8253 Programmable Interval Timer (PIT)
includes three independently controlled counters
that provide optional (jumper selectable) timing
inputs to the on-board I/0 devices and the CPU
interrupts. The clock frequency of 2.46 MHz, 1.23
MHz, or 153.6 kHz, which is derived from the clock
circuit composed of A16, A17, and A18, provides the
basic timing input.

Counter 2 provides timing for the serial I/0 port
(8251A USART). This counter, in conjunction with
the USART, can provide programmable Baud rates
from 110 to 9600. Counter 0 can be used in one of two
ways: (1) as a clock generator it can be buffered to
provide an external user-defined clock or (2) as an
interval timer to generate a CPU interrupt. Counter
1, which is the system interval timer and can also
generate an interrupt, has a range of 1.6 micro-
seconds to 853.3 milliseconds. If longer times are
needed, Counters 0 and 1 can be cascaded to provide a
single timer with a maximum delay of over 7 hours.
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4-6. SERIAL 170

The 8251A USART provides RS232C compatibility
and is configured as a data terminal. Synchronous
or asynchronous mode, character size, parity bits,
stop bits, and Baud rates are all programmable.
Data, clocks and control lines to and from connector
d2 are buffered.

4-7. PARALLEL 1/0

The 8255A Programmable Peripheral Interface
provides 24 programmable /0 lines. TwoIC sockets
are provided so that, depending on the application,
TTL drivers or I/0 terminators may be installed to
complete the interface to connector J1. The 24 lines
are grouped into three ports of eight lines each; these
ports can be programmed to be simple I/0 ports,
strobed 170 ports with handshaking, or one port can
be programmed as a bidirectional port with control
lines. The iSBC 86/12A board includes various
optional functions controlled by the parallel 1/0
lines such as an RS232C interface line, timer gate
control lines, bus override, strobed I/0 port inter-
rupts, and one Multibus interface interrupt.

4-8. INTERRUPT CONTROLLER

The 8259A Programmable Interrupt Controller (PIC)
handles up to eight vectored priority interrupts. The
8259A PIC provides the capability to expand the
number of priority interrupts by cascading each
interrupt line with another 8259A PIC. (Refer to
figure 2-2.) This is done by programming the master
PIC (the one on the iSBC 86/12A board) so that an
interrupt line (e.g., IR3) is connected to a slave PIC
(the one interfaced to the master PIC viathe Multibus
interface). If an IR3 interruptis sensed by the master
PIC, it will allow the slave PIC to send the restart
vector address to the CPU. Each interrupt line into
the master PIC can be individually programmed to be
a non-bus vectored (NBV) interrupt line (master PIC
generates the restart address) or a bus vectored (BV)
interrupt (cascaded to a slave PIC which generates
the restart address). The iSBC 86/12A board can
handle eight on-board or single Multibus interface
interrupt lines (an interrupt line which does not have
a slave PIC connected to it) or, with the aid of eight
slave PIC’s, expand the number of interrupts to
64. All 64 interrupts must be processed through the
slave PIC’s and must therefore be external to the
iSBC 86/12A board.

There are nine jumper-selectable interrupt sources:
serial 170 port (2), parallel I/0 interface (2), timers
(2), external via J1 (1), power fail (1), and Multibus
interface time out (1). The eight Multibus interface

4-2

iSBC 86/12A

interrupt lines (INTO/-INT7/) can be connected to
the master PIC to provide 8 to 64 bus interrupt
levels. The user can map interrupt sources into
interrupt levels by hardware jumpers. The iSBC
86/12A board can also generate one Multibus
interface interrupt that is controlled by an 8255A PPI
output bit.

NOTE

The 86/12A board must be capable of
Multibus interface access when using
interrupts.

4-9, ROM/EPROM CONFIGURATION

IC sockets A28, A29, A46, and A47 are provided for
user installation of ROM or EPROM chips; jumpers
are provided to accommodate either 2K, 4K, or 8K
chips. The ROM/EPROM address space is located
at the top of the 1-megabyte memory space because
the 8086 CPU branches to FFFF0 after areset. Start-
ing addresses for the different ROM/EPROM
configurations are FF000 (using 2K chips), FE000
(using 4K chips), and FC000 (using 8K chips).

When the iSBC 340 Multimodule EPROM board is
installed, the starting address is F8000.

4-10. RAM CONFIGURATION

The iSBC 86/12A board includes 32K bytes of
read/write memory composed of sixteen 2117
Dynamic RAM chips and an 8202 RAM Controller.
If the iSBC 300 Multimodule RAM board is installed,
the read/write memory is expanded to 64k bytes of
memory composed of thirty-two 2117 dynamic RAM
chips and an 8202 RAM Controller.

The Dual Port Control Logic interfaces the RAM
with the Multibus interface so that the iSBC 86/12A
board can perform as a slave RAM device when not
acting as a bus master. This dual port is designed to
maximize the CPU throughput by defaulting control
to the CPU when not in demand. Each time a bus
master generates a memory request to the dual port
RAM via the Multibus interface, the RAM must be
taken away from the CPU (when the CPU is not
using it). When the slave request is completed, the
control of the RAM returns to the CPU.

The dual port consists of CPU address and data
buffers and decoder; bidirectional address and data
bus (Multibus interface) drivers; slave RAM address
decoder/translator; control logic; and the RAM and
RAM controller.
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The CPU address and data buffers separate the on-
board bus (I/0 and ROM/EPROM) from the dual
port bus. On-board RAM addresses (as seen by the
CPU) are (assigned from the bottom up) 00000-
07FFEF. If the iSBC 300 Multimodule RAM board is
installed, the on-board RAM addresses are 00000-
OFFFF.

The address bus drivers and data bus drivers
separate the dual port bus from the Multibus
interface. The slave RAM address decoder is
separate from the CPU RAM address decoder to
provide independent Multibus interface address
selection that can be located throughout the
1-megabyte address space. The slave RAM address
is selected by specifying the base address and
memory size. The base address can be on any 8K
boundary (16K boundary if iISBC 300 Multimodule
RAM board is installed) with the exception that the
memory space cannot extend across a 128K boun-
dary. The memory size specifies the amount of Dual
Port RAM accessible by the Multibus interface and is
switch selectable in 8K increments (16K increments
if iSBC 300 Multimodule RAM board is installed).
This provides the capability to reserve sections of the
dual port RAM for use only by the CPU and frees up
the address space. Regardless of what base address
is selected, the slave RAM address is mapped into an
on-board RAM address (as seen by the CPU). (Refer
to figure 2-1.)

4-11. BUS STRUCTURE

The iSBC 86/12A board architecture is organized
around a three-bus hierarchy: the on-board bus, the
dual port bus, and the Multibus interface. (Refer to
figure 4-3.) Each bus can communicate only within
itself and an adjacent bus, and each bus can operate
independently of each other. The performance of the
iSBC 86/12A board is directly related to which bus it
must go to perform an operation; thatis, the closer the
bus to the on-board bus, the better the performance.

MULTIBUS
INTERFACE

DUAL-PORT
BUS

ON-BOARD
BUS

Figure 4-3. Internal Bus Structure
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The iSBC 86/12A board operates at a 5-MHz CPU
cycle and requires one wait state for all on-board
system accesses. (Exception: a RAM write requires
two wait states.) However, the pipeline effect of the
8086 CPU effectively “hides” these wait states.

The core of theiSBC 86/12A board bus architectureis
the on-board bus, which connects the CPU to all on-
board I/0 devices, ROM/EPROM, and the dual port
RAM bus. Activity on this bus does not require
control of the outer buses, thus permitting indepen-
dent execution of on-board activities. Activities at
this level require no bus overhead and operate at
maximum board performance.

The next bus in the hierarchy is the dual port
bus. This bus controls the dynamic RAM and
communicates with the on-board bus and the
Multibus interface. The dual port bus can bein one of
three states:

a. State 1 — On-board bus is controlling it but not
using it (not busy).

b. State 2 — On-board bus is controlling it and
using it (busy).

c. State 3 — Multibus interface is controlling it
and using it (busy).

State 1 is the idle state of the dual port bus and is left
in control of the on-board bus to minimize delays
when the CPU needs it. When the on-board bus
requires the dual port bus to access RAM, the dual
port bus control logic will go from State 1 to State
2. (If the dual port bus is busy, it will wait until it is
not busy.) Activity at this level requires a minimum
of bus overhead and the RAM performance is
designed to equal that of on-board activity (if the dual
port bus is not busy when the on-board bus requests
it). The dual port bus control logic returns to State 1
when the CPU completes its operation. This level of
bus activity operates independently of the Multibus
interface activity (if the Multibus interface does not
need the dual port bus).

When the Multibus interface requests the dual port
bus, the control logic goes from State 1 to 3 (it will wait
if busy) in about 150 nanoseconds and, upon
completion, returns to State 1. The Multibus inter-
face use of the dual port bus is independent of the on-
board activity.

When the on-board bus needs the Multibus interface,
it must go through the dual port bus to the Multibus
interface. The on-board bus uses the dual port bus
only to communicate with the Multibus interface and
leaves the dual port bus in State 1. Activity at this
level requires a minimum 200-nanosecond overhead
for Multibus interface exchange.
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4-12. MULTIBUS INTERFACE

The iSBC 86/12A board is completely Multibus
interface compatible and supports both 8-bit and
16-bit operations. The Multibus interface includes
the Bus Arbiter A82, Bus Command Decoder A83,
bidirectional address bus and data bus drivers, and
interrupt drivers and receivers. The Bus Arbiter
allows the iSBC 86/12A board to operate as a bus
master in the system in which the 8086 CPU can
request the Multibus interface when a bus resource is
needed.

4-13. CIRCUIT ANALYSIS

The schematic diagram for the iSBC 86/12A board is
given in figure 5-2. The schematic diagram consists
of 11 sheets, each of which includes grid coordinates.
Signals that traverse from one sheet to another are
assigned grid coordinates at both the signal source
and signal destination. For example, the grid
coordinates 2ZB1 locate a signal source (or signal
destination as the case may be) on sheet 2 zone B1.

Both active-high and active-low signals are used. A
signal mnemonic that ends with a virgule (e.g.,
DAT7/) denotes that the signal is active low
(<0.4V). Conversely, a signal mnemonic without a
virgule (e.g., ALE) denotes that the signal is active
high (=2.0V).

Figures 4-1 and 4-2 at the end of this chapter are
simplified logic diagrams of the input/output,
interrupt, and memory sections. These diagrams will
be helpful in understanding both the addressing
scheme and the internal bus structure of the board.

4-14. INITIALIZATION

When power is applied in a start-up sequence, the
contents of the 8086 CPU program counter, program
status word, interrupt enable flip-flop, etc., are
subject to random factors and cannot be predicted.
For this reason, a power-up sequenceis used to set the
CPU, Bus Arbiter, and I1/0 ports to a known internal
state.

When power is initially applied to the iISBC 86/12A
board, capacitor C26 (2ZD6) begins to charge through
resistor R9. The charge developed across C26 is
sensed by a Schmitt trigger, which is internal to
Clock Generator A38. The Schmitt trigger converts
the slow transition appearing at pin 11 into a clean,
fast-rising synchronized RESET signal at pin
10. The RESET signal is inverted by A48-6 to
develop RESET/ and INIT/. The RESET/ signal
automatically sets the 8086 CPU program counter to
FFFFO0 and clears the interrupt enable flip-flop; resets
the parallel I/0 ports to the input mode; resets the
serial I/0 port to the “idle” mode; and resets the Bus
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Arbiter (outputs are tristated). The INIT/ signal is
transmitted over the Multibus interface to set the
entire system to a known internal state.

The initialization described above can be performed
at any time by inputting an AUX RESET/ signal via
auxiliary connector P2.

4-15. CLOCK CIRCUITS

The 5-MHz CLK is developed by Clock Generator
A38 (2ZC6) in conjunction with crystal Y2. This
clock is the time base for CPU A39, Status Decoder
A81, Bus Arbiter A82, and Bus Command Decoder
A83.

The time base for Bus Clock (BCLK/) and Constant
Clock (CCLKY/) is provided by Clock Generator A80
(10ZB5) and crystal Y3. The 18.432-MHz crystal
frequency is divided by A63 and driven onto the
Multibus interface through jumpers E105-E106 and
E103-E104. The BCLK/ signal is also used as a clock
input to the Bus Arbiter A82.

The time base for the remaining functions on the
board is provided by clock Generator A17 (7ZA6) and
crystal Y1. The nominal 22.12-MHz crystal fre-
quency appearing at the OSC output of Al7 is
buffered and supplied to the Dual Port Control Logic
and to RAM Controller A70. Clock Generator A17
also divides the crystal frequency by nine to developa
2.46-MHz clock at its $2TTL output. The 2.46-MHz
clock is applied directly tothe clock input of the 8251A
USART and applied through A18 to provide a
selectable clock for the 8253 PIT. Divider A16divides
the 2.46 MHz clock by two and by nine, respectively,
to produce 1.23-MHz and 153.6-kHz selectable clocks
for the 8253 PIT.

4-16. 8086 CPU TIMING

The 8086 CPU uses the 5-MHz clock input to develop
the timing requirements for various time-dependent
functions described in following paragraphs.

4-17. BASIC TIMING. Each CPU bus cycle
consists of at least four clock (CLK) cycles referred to
as T1,T2,T3,and T4. The addressis emitted from the
CPU during T1 and data transfer occurs on the bus
during T3 and T4; T2 is used primarily for changing
the direction of the bus during read operations. In the
event that a “not ready” indication is given by the
addressed device, “wait” states (TW) are inserted
between T3 and T4. Each inserted TW state is of the
same duration as a CLK cycle. Periods can occur
between CPU-driven bus cycles; these periods are
referred to as “idle” states (TI) or inactive CLK
cycles. The processor uses TI states for internal
housekeeping.
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4-18. BUS TIMING. The CPU generates status
signals S0, S1, and S2 during T1 of every machine
cycle. These status signals are used by Status
Decoder A81, Bus Arbiter A82, and Bus Command
Decoder A83 to identify the following types of
machine cycies.

S2 s1 S0 CPU Machine Cycle
0 0 0 Interrupt Acknowledge
0 0 1 I/O Read

0 1 0 I/O Write

0 1 1 Halt

1 0 0 Code Access

1 0 1 Memory Read

1 1 0 Memory Write

1 1 1 Passive

A read cycle begins in T1 with the assertion of the
Address Latch Enable (ALE) signal and the emission
of the address. (Refer to figure 4-4.) The trailing
edge of the ALE signal latches the address into
Address Latch A40/41/57 (2ZB2). (The BHEN/
signal and address bit ADO address thelow byte, high
byte, or both bytes.) The Data Transmit/Receive
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(DT/R) signal, which is asserted at the end of T1, is
used to set up the various data buffers and data bus
drivers for a CPU read operation. The Memory Read
Command (MRDC/) or I/0O Read Comand (IORC/)is
asserted from the beginning of T2 to the beginning of
T4. Atthebeginning of T3, the AD0-AD15lines of the
local bus are switched to the “data” mode and the
Data Enable (DEN) signal is asserted. (The DEN
signal enables the data buffers.) The CPU examines
the state of its READY input during the last half of
T3. If its READY input is high (signifying that the
addressed device has placed data on the data lines),
the CPU proceeds into T4; if its READY input is low,
the CPU enters a wait (TW) state and stays there until
READY goes high. The external effect of using the
READY input is to preserve the exact state of the
CPU at the end of T3 for an integral number of clock
periods before finishing the transfer cycle. This
‘stretching’ of the system timing, in effect, increases
the allowable access time for memory or I/0
devices. By inserting TW states, the CPU can
accommodate slower memory or slower I/0 devices.
The CPU accepts the data and terminates the
command in T4; the DEN signal then goes false and
the data buffers are tristated.

T

-

5-MHZ CLK

T3 T4

STATUS

T\

* 82/, 81/, SO/

X

X VALID
* BHEN/, AD16-AD19

FLOAT

** ALE _—_’ .

X ADDRESS
* ADO-AD15

DATA IN

N FLOAT

= DT/R \

“* MRDC/ - IORC/ \

“* DEN

NOTE: INTA/, AMWC/, MWTC/, AIOWC/, IOWC/ = VOH

“DENOTES CPU INPUT OR OUTPUT
**DENQTES STATUS DECODER A81 OUTPUT SIGNAL

Figure 4-4. CPU Read Timing
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A write cycle begins in T1 with the assertion of the
ALE signal and the emission of the address. (Refer to
figure 4-5.) The trailing edge of ALE latches the
address into the address latch as described for a read
cycle. The DT/R signal remains high throughout the
entire write cycle to set up the data buffers and data
bus drivers for a CPU write operation. Status
Decoder A81 (3ZB4) provides two types of write strobe
signals: advanced (AMWT/ and AIOWC) and
normal (MWTC/ and IOWC/). As shown in figure
4-5, the advanced memory and advanced I/0 write
strobes are issued one clock cycle earlier than the
normal memory and I/0 write strobes. (The iSBC
86/12A board doesn’t use advanced I/0 write strobe
AIOWCY/.) At the beginning of T2, the advanced
write and DEN signals are asserted and the ADO-
AD15 lines of the local bus are switched to the “data”
mode. (The DEN signal enables the data buffers.)
The CPU then places the data onthe AD0-AD15 lines
and, at the beginning of T3, the normal write strobeis
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issued. The CPU examines the state of its READY
input during the last half of T3. When READY goes
high (signifying that the addressed device has
accepted the data), the CPU enters T4 and terminates
the write strobe. DEN then goes false and the data
buffers are tristated.

The CPU interrupt acknowledge (INTA) cycletiming
is shown in figure 4-6. Two back-to-back INTA
cycles are required for each interrupt initiated by the
8259A PIC or by a slave 8259A PIC cascaded to the
master PIC. The INTA cycle is similar to a read
cycle. The basic difference is that an INTA/ signalis
asserted instead of an MRDC/ or IORC/ signal and
the address bus is floated. In the second INTA cycle,
a byte of information (supplied by the 8259A PIC) is
read from “data” lines ADO-AD7. This byte, which
identifies the interrupting source, is multiplied by
four by the CPU and used as a pointer into an
interrupt vector look-up table.

N/

\ STATUS

§-MHZ CLK

* 82/, 81/, S0/

T2

T3 T4

/ N\

N\l

X VALID X FLOAT
* BHEN/, AD16-AD19
** ALE —_— \
X ADDRESS X DATA OUT (ﬁécr)éTz)
“ AD0-AD15
** DEN / \-__

~

** AMWT/ + AIOWC/

** MWTC/ + IOWC/

NOTES: _
1. INTA/, IORC/, MRDC/, DT/R = Vo
2. FLOATS ONLY IF ENTERING A “HOLD" CONDITION.

*DENOTES CPU INPUT OR QUTPUT
**DENOTES STATUS DECODER A81 OUTPUT

Figure 4-5. CPU Write Timing
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n T2 T3 T4

5-MHZ CLK

_.\ \— -
\ STATUS \
* 82/, §1/, S0/ \J

l VALID x FLOAT
* BHEN/, AD16-AD19

** ALE

FLOAT CASCADE ADDRESS FLOAT FLOAT
(NOTE 2) AB-A10 (NOTE 2)

* AD8-AD15

FLOAT (NOTE 2, POINTER FLOAT
)
* ADO-AD7
** MCE — \
** DT/R \

\ /
oo / \

OTES:

1. MRDC/, IORC/, AMWC/, MWTC/, AIOWC/, IOWC/ = VoH; BHEN/ = Vo

2. THE TWO INTA CYCLES RUN BACK-TO-BACK. THUS, THE LOCAL BUS
IS FLOATING WHEN THE SECOND INTA CYCLE IS ENTERED.

*DENOTES CPU INPUT OR OUTPUT
**DENOTES STATUS DECODER A81 SUTPUT

Figure 4-6. CPU Interrupt Acknowledge Cycle Timing
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4-19. ADDRESS BUS

The address bus is shown in weighted lines in figures
4-1 and 4-2. The 20-bit address (AD0-AD19) is
output by CPU A39 (2ZB4) during the first clock cycle
(T1) of the memory or I/0 instruction. The trailing
edge of the Address Latch Enable (ALE) signal,
output by Status Decoder A81 (3ZB4) during T1,
strobes and latches the address into Latch A40/41/57
(2ZB2). Thelatched address is distributed as follows:

a. AB3-ABF to I/0 Address Decoder A54/55/56
(6ZA6).

b. ABB-AB12 to PROM Address Decode Logic A68
(6ZCs).

¢. AB1-ABC to PROM A28/29/46/47 (6ZC3).

d. AB13 to on-board RAM address recognition gate
A53-6 (6ZD5).

4-20. DATA BUS

At the beginning of clock cycle T2, the CPU ADO-
AD15 pins become the source or destination of data
bus ADO-ADF. Data can be sourced to or input from
the following:

a. Data Buffer A44/45 (4ZC3).
b. Data Buffer A60/61 (4ZC5).

4-21. BUS TIME OUT

Bus Time Out one-shot A5 (10ZA6) is triggered by the
leading edge of the ALE signal. If the CPU halts, or
is hung up in a wait state for approximately 6.2
(+15%) milliseconds, A5 times out and asserts the
TIMEOUT/ signal. If jumper E5-E6 (2ZB6) is
installed, the TIMEOUT/ signal drives the CPU
READY line high through A7-12 and A38-5 to allow
the CPU to exit the wait state. The TIMEOUT/
signal is also routed as a TIMEOUT INTR/ signal to
the interrupt jumper matrix (8ZC2).

4-22. INTERNAL CONTROL SIGNALS

Status Decoder A81 (3ZB4) receives the 5~-MHz CLK
signal from Clock Generator A38 and status signals
S0-S2 from CPU A39. The CLK signal establishes
when the command signals are generated as a result
of decoding S0-S2. The following signals are output
from Status Decoder A81:

4-8
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Signal Definition

ALE Address Latch Enable. Strobes address into
Address Latch A40/41/57.

AIOWC/ | Advanced I/O Write. An 1/O Write Command that
is issued earlier than IOWC/ in an attempt to
avoid imposing a CPU wait state. (Not Used)

AMWC/ | Advanced Memory Write Command. A Memory

Write Command that is issued earlier than
MWTC/ in an attempt to avoid imposing a CPU

wait state.

DEN Data Enable. Enables Data Buffers A44/456 and
A60/61.

DT/R Data Transmit/Receive. Establishes direction of

Data transfer through Data Buffers A44/45 and
A60/61 and Data Bus Buffers A69/89/90.

IORC/ 1/0 Read Command to on-board PPI, USART,
PIT, and PIC.

IOWC/ | I/O Write Command to on-board PPI, USART,
PIT, and PIC.

INTA/ Interrupt Acknowledge. Provides on-board con-
trol during INTA cycle.

MCE Master Cascade Enable. Enable cascade ad-
dress from master 8259A PIC onto local bus so
that slave PIC address can be latched.

MRDC/ | Memory Read Command. Establishes direction
of data transfer through Memory Data Buf-
fers A71/91.

MWTC/ | Memory Write Command. Places the 8202

RAM Controller A70 in a write mode.

4-23. DUAL PORT CONTROL LOGIC

The Dual Port Control Logic (figure 5-2 sheet 11)
allows the dual port RAM facilities to be shared by
the on-board CPU or by another bus master via the
Multibus interface. When not acting as a bus master
or when not accessing the dual port RAM, the iSBC
86/12A board can act as a “slave” RAM device in a
multiple bus master system. When accessing the
dual port RAM, the on-board CPU has priority over
any attempt to access the dual port RAM via the
Multibus interface. In this situation, the bus access
is held off until the CPU has completed its particular
read or write operation. When a bus access is in
progress, the Dual Port Control Logic enters the
“slave” mode and any subsequent CPU request will
be held off until the slave mode is terminated. Fig-
ures 4-7 and 4-8 are timing diagrams for the Dual
Port Control Logic.

4-24. MULTIBUS INTERFACE ACCESS
TIMING. Figure 4-7 illustrates the Dual Port Con-
trol Logic timing for dual port RAM access via the
Multibus interface. (P-periods PO through P17 are
used only for descriptive purposes and have no
relationship to the 22.12-MHz clock signal.) When
the OFF BD RAM CMD signal goes high, A49-10
(11ZC6) goes high and A49-7 (11ZB5) goes low on the
next rising edge of the clock at the end of PO
(assuming that ON BD RAM RQT/ and RAM
XACKY/ are both high).
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At the end of P1, A50-5 (11ZC5) goes high and asserts
the SLAVE MODEY/ via inverter A31-8(11ZC4). The
outputs of A50-5 and A49-7 are ANDed to hold A50-5
in the preset (high) state. At the end of P2, A49-14
(11ZC3) goes low and asserts the SLAVE CMD EN/
signal, which gates DP RD/ or DP WRT/ to RAM
Controller A70(10ZB6); SLAVE CMD EN/ also gates
the subsequently generated RAM XACK/ tothe CPU
READY input (RAM XACK/ is generated by the
RAM Controller when data has been read from or
written into RAM.)

The RAM Controller asserts RAM XACK/ during
P13 and A49-10 goes low on the next rising edge of
the clock. The bus master then terminates the OFF
BD RAM CMD signal which terminates the SLAVE
CMD EN/ signal. The SLAVE CMD EN/ signal
going high terminates the DPRD/ or DPWRT/
signal. The RAM Controller next terminates RAM
XACK/ and then A49-7 goes high on the next rising
edge of the clock. At the end of P16, A50-5 goes low
terminating the SLAVE MODE/ signal. At the end
of P17, A49-14 goes high.

The foregoing discussion pertains only to the
operation of the Dual Port Control Logic for Multibus
interface access of the dual port RAM. The actual
addressing and transfer of data are discussed in
paragraph 4-38.

4-25. CPU ACCESS TIMING. Figure 4-8
illustrates the Dual Port Control Logic timing for
dual port RAM access by the on-board 8086
CPU. (P-periods PO through P13 are used only for
descriptive purposes and have no relationship to the
22.12-MHz clock signal.) To demonstrate that the
CPU has priority in the access of the dual port RAM,
figure 4-8 shows the OFF BD RAM CMD signal
active when the CPU accessisinitiated by the ON BD
RAM RQT/ signal. The timing has progressed
through PO, during which time A49-10 has been
clocked high and A49-7 has been clocked low.

Flip-Flop A50-9 is preset (high) when the Status
Decoder asserts the ALE/ signal at the beginning of
T1 in the CPU instruction cycle. When the ON BD
RAM RQT/ signal is asserted, the EXT ALE signal
goes low and, since A51-6 is now low, A49-10 goes
low on the next rising edge of the clock. Flip-Flop
A50-5 is thus prevented from being clocked high and
therefore keeps the DP ON BD ADR EN/ signal
asserted and suppresses the SLAVE MODE/ signal.

The ON BD CMD EN/ signal is asserted at the same
time as the ON BD RAM RQT/ signal since A49-141is
high. The ADV MEM WRT/ or MEM RD/ signal
from the Status Decoder is ANDed with the ON BD
RAM RQT/ signal to prevent A50-5 from changing
states when ALE/ goes false at the end of T1 in the
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instruction. (A49-10 is allowed to go high on the next
rising edge of the clock after ALE/ goes false.)

The subsequently generated DP RD/ or DP WRT/
signal, gated by the asserted ON BD CMD EN/
signal, is transmitted to RAM Controller A70
(10ZB6). When the read or write is completed, the
RAM Controller asserts RAM XACK/ and A49-10
goes low at the end of P12. Atthe endofP13,the CPU
terminates the instruction and the ON BD RAM
RQT/, DP RD/ or DP WRT/, and ADV MEM WRT/
or MEM RDY/ signals go false. The RAM XACK/
signal is then terminated and A49-10 goes high at the
end of PO. At the end of P1, the SLAVE MODE/ is
entered when A50-5 goes high.

The foregoing discussion pertains only to the
operation of the Dual Port Control Logic for CPU
access of on-board RAM. The actual addressing and
transfer of data are discussed in paragraph 4-37.

4-26. MULTIBUS INTERFACE ARBITRATION

The Multibus interface arbitration circuits consist of
the Bus Arbiter A82 (3ZD4), Bus Command Decoder
A83(3ZC4), bidirectional Address Bus Driver A87/88
(5ZA3), bidirectional Data Bus Driver A69/89/90
(4ZB4), and the Slave RAM Decode Logic (figure 5-2
sheet 3).

The falling edge of CLK provides the timing to
establish when Bus Arbiter actions areinitiated. The
falling edge of BCLK/ provides the bus timing
reference for the Bus Arbiter, which allows the iSBC
86/12A board to assume the role of bus master. When
the ON BD ADR/(3ZC7) signal is false (high) and the
S0-S2 status signals indicate either a read or write
operation, the Bus Arbiter drives CBRQ/ and BREQ/
low and BPRO/ high (3ZD2). The BREQ/ output, in
conjunction with CBRQ/, from each bus master in
the system is used by the Multibus interface when the
bus priority is resolved by a parallel priority scheme
as described in paragraph 2-24. The BPRO/ output,
in conjunction with CBRQ/, is used by the Multibus
interface when the bus priority is resolved by a serial
priority scheme as described in paragraph 2-23.

The iSBC 86/12A board gains control of the Multibus
interface when the BPRN/ input to the Bus Arbiteris
driven low and CBRQ/ is high. On the next falling
edge of BCLK/, the Bus Arbiter drives BUSY/ and
BUS ADEN/ low. The BUSY/ output indicates that
the bus is in use and that the current bus master, in
control, will not relinquish control until it raises its
BUSY/ signal.

The BUS ADEN/ output, which can be thought of as
a “master bus control” signal, is applied to the
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AENZ2/ input of Clock Generator A38 (2ZC6), the Bus
Address Driver A87/88 (ZA3), and the input of AND
gate A2-11 (3ZC5). With AEN2/ enabled, the Clock
Generator is prepared to recognize the ensuing
acknowledge signal (AACK/ or XACK/) transmitted
by the addressed system device. To ensure adequate
setup for the address and data, counter A4 (2ZB6) is
held in the clear state as long as ALE/ is asserted.
When ALE/ goes false, A4-3 is clocked low by the
5-MHz clock to generate T21/. This signal (T21/) is
driven through gate A2-11 (3ZC5) to enable the Bus
Command Decoder A83.

The false ON BD ADR/ signal enables the Bus
Command Decoder, which decodes S0-S2 and drives
the appropriate command low on the Multibus
interface when CLK goes low. The Bus Command
Decoder also drives BUS DEN (3ZC2) high to enable
Data Bus Driver A69/89 (4Z2B4). The Data Bus
Driver is switched to the appropriate “transmit” or
“receive” mode depending on the state of the DT/R
output of Status Decoder A81 (3ZB4).

After the command is acknowledged (signified by the
addressed device driving the Multibus interface
XACK/ line low), the CPU terminates the appro-
priate command. The Bus Arbiter terminates BUS
ADEN/ and the Bus Command Decoder terminates
BUS DEN. The Bus Arbiter may or maynot relin-
quish control of the Multibus interface (depends on
how the Bus Arbiter is jumper wired) by driving
BREQ/ high and BPRO/ low and then raising
BUSY/.

It should be noted that, after gaining control of the
Multibus interface, the iSBC 86/12A board can
invoke a “bus lock” condition to prevent losing
control at a critical time. (For instance, it may be
desired to execute several consecutive commands
without having to contend for the bus after each
command is executed.) The “bus lock” condition is
invoked by driving the Bus Arbiter LOCK input low
in one of two ways:

a. Byexecuting asoftware LOCKXCNG command.

b. By clearing an option bit via I/0 Port 00CC.

During an interrupt from the 8259A PIC, the LOCK
input is automatically driven low by the first of two
INTA/ signals issued by Status Decoder A81. (Referto
paragraphs 4-40 through 4-42.)

4-27. 1/0 OPERATION

The following paragraphs describe on-board and
system I/0O operations. The actual functions per-
formed by specific read and write commands to on-
board 170 devices are described in Chapter 3.
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4-28. ON-BOARD I/0 OPERATION. Address
bits AB3-ABF are applied to the I/0O Address Decoder
composed of A54/55/56 (6ZB6). The ADV 1/0 ADR
signal is developed by flip-flop A30-16 (2ZA2) when the
ALE signal latches the CPU inverted S2 signal. When
ADV 1/0 ADR is true, the I/0 Address Decoder
develops I0 AACK/ (6ZA2) when AB8-ABF are false,
AB6-ABY7 are true, and AB5 is false. The I/O AACK/
signal enables decoder A54 (6ZA4) which then decodes
AB3-AB4. (The I/0 AACK/ signal also drives the
CPU READY input high.) Assuming AB8-ABF are
false, AB3-AB7 are decoded to generate the following
chip select signals:

Bits " Chip Select
76543 Addresses Signal
11000 C0, C2, C4, C6 8259CS/
11001 C8, CA,CC,CE 8255CS/
11010 DO, D2, D4, D6 8253CS/
11011 D8, DA, DC, DE 8251CS/
*QOdd addresses (i.e., C1, C3, . .. DD) are invalid.

The I0 AACK/ signal is driven through A32-8 and
A6-8 (6ZD4), respectively, to develop PROM IO EN/
and ON BD ADR/. PROM IO EN/ enables Data
Buffer A44/45 (4ZD3) and ON BD ADR/ inhibits the
Bus Arbiter A82 and Bus Command Decoder
A83. The DT/R output of Status Decoder A8l is
inverted (A20-12, 4ZC6) to select the proper direction
of data transfer through the Data Buffer.

After the proper I/0 device is enabled, the specific
function for the device is selected by address bits
AB1-AB2 and the IORC/ or IOWC/ output of Status
Decoder A81.

4-29. SYSTEM 1/0 OPERATION. Address bits
AB3-ABF are decoded by the I/O Address Decoder
as described in paragraph 4-28. If the addressis not
for an on-board I/0 device, the ON BD ADR/ signal
is false (high) and enables the Bus Arbiter A82
(3ZD4) and Bus Command Decoder A83 (3ZC4). The
Bus Arbiter and Bus Command Decoder, which are
clocked by the 5-MHz clock to latch in and decode
status signals S0-S2, then acquire ¢ontrol of the
Multibus interface as described in paragraph 4-26.

4-30. ROM/EPROM OPERATION

The four ROM/EPROM chips are installed by the
user in IC sockets A28/29/46/47 (6ZC3). The
ROM/EPROM addresses are assigned from the top
down in the 1-megabyte address space; the bottom
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address is determined by the user configuration of
chips as follows:

ROM EPROM Address Block
— 2758 FFO00-FFFFF

2316E 2716 FEOOO-FFFFF

2332A 2732 FCOOO0-FFFF

Jumper posts E94 through E99 and switch S1 must be
properly configured to accommodate the type of
ROM/EPROM installed. (Refer to table 2-4.)

IC sockets A29 and A47 accommodate the top of
ROM/EPROM,; IC sockets A28 and A46 accommo-
date the ROM/EPROM space directly below that
installed in A29 and A47. The low-order bytes (bits
DBO0-DB7) are installed in A29 and A28; the high-
order bytes (bits DBS-DBF) are installed in A47 and
A46.

When ADV IO ADR is false, a custom ROM A68
{6ZC8) decodes address bits ABB-AB12. If the
address is within the limit specified, the 04 and O3
output pins will be low and the 02 and O1 output pins
will depend on whether the address is in the upper
half or lower half of the address block. For instance,
if 2758 EPROM chips are installed and the addressis
in the range FF000-FF7FF, the 02and O1 pins will be
high and low, respectively; if the address is in the
range FF800-FFFFF, the O2 and O1 pins will both be
high. The 04 and O3 output pins are compared with
address bit AB13. If AB13 is high, the PROM
AACK/ signal is asserted; if AB13 is low, the ON BD
RAM RQTY/ signal is asserted.

When ALE goes false, Decoder A18 (6ZC4) is enabled
and decodes the inputs presented by the O2 and O1
output of A68. If 02/01 =10, PCS2/ is asserted and
enables A28 and A46; if O2 and O1 =11, PCS3/ is
asserted and enables A29 and A47. Each chip of the
selected pair of chips are individually addressed by
AB1-ABC. Thus, when the associated enable signal
(PCS2/ or PCS3/) is asserted, the contents of the
address specified by AB1-ABC aretransformed to the
CPU via Data Buffer A44/45.

4-31. ROM/EPROM OPERATION WITH iSBC
340 MULTIMODULE EPROM. The eight ROM/-
EPROM chips areinstalled, by the user, in IO sockets
A29/A47/A1/A2/A3/A4/A5/A6. (ROM/EPROM
IC sockets A1-A6 are located on the iSBC 340
Multimodule EPROM board. Refer to Appendix
B.) The ROM/EPROM addresses are assigned from
the top down in the 1-megabyte address space. The
bottom address is F8000 and extends upward to
FFFFF. A jumper must be placed between posts E94
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and E96 and between E97 and E99 to accommodate
the additional ROM/EPROM installed. In addition,
switch positions 7 and 8 of S1 must be off. (Refer to
table 2-4.)

IC sockets A29, A47, A3, and A8 accommodate the
top half of the installed ROM/EPROM; IC sockets
Al, A2, A4, and A5 accommodate the lower half of
the installed ROM/EPROM. The low-order bytes
(bits DB0-DB7) are installedin IC sockets A1, A2, A3,
and A29; the high-order bytes (bits DB8-DBF) are
installed in IC sockets A4, A5, A6, and A47.

When ADV 10 ADDR is false, a custom ROM (A68,
6ZB6) decodes address bits ABB-AB12 and switch S1
positions 7 and 8. If the address is within F8000-
FFFFF, the 04 and O3 output pins will be low and the
02 and O1 output pins will change according to the
address. Table 4-1 lists O1, O2 states and the chips
selected for the various address blocks. The O4 and
03 output pins are compared with address bit
AB13. If AB13 is high, the PROM AACK!/ signal is
asserted; if AB13 is low, the ON BD RAM RQT/
signal is asserted.

When ALE goes faise, Decoder A18 (6ZC4) is enabled
and decodes the inputs presented by the O2 and O1
outputs of A68. For example, if 02/01 =00, PCS0/ is
asserted and enables Al and A4;if02/01=11, PCS3/
is asserted and enables A29 and A47. Each chip of
the selected pair of chips are individually addressed
by AB1-ABC. Thus when the associated enable
signal is asserted, the contents of the address
specified by AB1-ABC are transformed to the CPU
Data Buffer A44/45.

4-32. RAM OPERATION

As described in paragraph 4-23, the Dual Port
Control Logic allows the on-board RAM facilities to
be shared by the 8086 CPU and another bus master
via the Multibus interface. The following
paragraphs describe the RAM Controller, RAM chip
arrays, and the overall operation of how the RAM is
addressed for read/write operation.

4-33. RAM CONTROLLER. All address and
control inputs to the on-board RAM are supplied by
RAM Controller A70 (10ZC6). The RAM Controller
automatically provides a 128-cycle RAS refresh
timing cycle to the dynamic RAM composed of RAM
chips A72-79 and A92-99.

The RAM Controller, when enabled by a low input to
its PCS/ pin, multiplexes the address to the RAM
chips. Low-order address bits A0-A6 are presented at
the RAM address lines and RAS/ is driven low at the
beginning of the first memory clock cycle. High-
order address bits A7-A13 are presented at the RAM
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Table 4-1. ROM/EPROM Chip Selection

PROM Chip Select IC Chips
Address 02 01 Signal Selected Description
F8000-FOFFF 0 0 PCS0/ Al1,A4 IC chips A1 and A4 are selected by
PCSO0/ through connector J3-1 (figure
5-2, 6ZA2).
FAQ00-FBFFF 0 1 PCS1/ A2,A5 IC chips A2 and A5 are selected by
PCS1/ through connector J3-2 (figure
5-2, 6ZB2).
FCO000-FDFFF 1 0 PCS2/ A3,A6 IC chips A3 and A6 are selected by
PCS2/ through IC pins 18 and 20 of A46
(figure 5-2, 6ZB3).
FEQOO-FFFFF 1 1 PCS3/ A29,A47 IC chips A29 and A47 are selected by
PCS3/ through IC pins 18 and 20 of A47
(figure 5-2, 6ZB3).

address lines and CAS/ is driven low during the
second memory clock cycle. The RAM Controller
drives its WE/ output pin according to whether the
CPU instruction is a read or write. For a write
operation, the DP WT/ input is low to the RAM
Controller, in which case the WE/ output is driven
low. For a read operation, the DPRD/ input is low
and the WE/ output remains high. When the
memory cycle (read or write) starts, the RAM
Controller drives its SACK/ output low; when the
memory cycle is complete, it drives its XACK/ output
low. The SACK/ and XACK/ go high when the RD/
or WR/ input goes high.

4-34. RAM CHIPS. Even bytes of data are stored
in A72-A79 and odd bytes of data are stored in
A92-A99. The WE/ input pin to A72-A79 is con-
trolled by ANDing the RAM Controller WE/ output
and memory address bit AM0. The WE/ input pin to
A92-A99 is controlled by ANDing the RAM Control-
ler WE/ output, AMO, and MBHEN/ (Memory Byte
High Enable).

4-35. RAM CONTROLLER WITH iSBC 300
MULTIMODULE RAM. All address and control
inputs to the onboard RAM are supplied by RAM
Controller Al. (RAM IC sockets A1-A19 are located
on the iSBC 300 Multimodule RAM board. Refer to
Appendix B). The RAM Controller automatically
provides a 128-cycle RAS refresh timing cycle to the
dynamic RAM composed of RAM chips A72-A79,
A92-A99, A3-A10, and A12-A19.

The RAM Controller when enabled by a low input to
its PCS/ pin, multiplexes the address to the RAM
chips. Low-order address bits AO-A6 are presented at
the RAM address lines and RAS/ is driven low at the
beginning of the first memory clock cycle. High-
order address bits A7-A13 are presented at the RAM
address lines and CAS/ is driven low during the
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second memory cycle clock. The RAM Controller
drives its WE/ output pin according to whether the
CPU instruction is a read or write. For a write
operation, the DP WT/ input is low to the RAM
Controller, in which case the WE/ output is driven
low. For a read operation, the DPRD/ input is low
and the WE/ output remains high. When the
memory cycle (read or write) starts, the RAM
Controller drives its SACK/ output low; when the
memory cycle is complete, it drives its XACK/ output
low. The SACK/ and XACK/ go high when the RD/
or WR/ input goes high.

4-36. RAM CHIPS WITH iSBC 300 MULTI-
MODULE RAM. Even bytes of data are stored in
A72-A79 and A3-A10 and odd bytes are stored in
A92-A99 and A12-A19. The WE1/ signal to A72-
A79, A3-A10 is developed by ANDing the RAM
Controller WE/ output with memory address bit
AMO. The WE2/ signal to A92-A99, A12-A19 is
developed by ANDing the RAM Controller WE/
output, AMO, and MBHEN/ (Memory Byte High
Enable).

4-37. ON~-BOARD READ/WRITE OPERA-
TION. When the O4 output of A68 (6ZC6) and
address bit AB13 are both low, the output of A53-6
(6ZD5) goes low and asserts the ON BD RAM RQT/
signal. When ON BD RAM RQT/ goes low, A52-3
(11ZA3) is enabled and generates ON BD CMD EN/
to generate RAM CS via A52-11 and to gate DPRD/
or DPWT/ to the RAM Controller. (See figure
4-8.) The RAM Controller then multiplexes the
address to RAM and, depending on which input
command is true (DPRD/ or DPWT/), drives its WE/
output high orlow. (The WE/ output is driven low for
a write; it remains high for a read.) The SACK/ and
XACK/ signals are generated by the RAM Controller
as described in paragraph 4-33. The CPU completes
the read or write operation when XACK/ is asserted.
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During the CPU access of on-beard RAM, the
Address Bus Drivers and Data Bus Drivers are
disabled and the Address Buffer and Data Buffer are
enabled.

4-38. BUSREAD/WRITE OPERATION. When
another bus master has control of the Multibus
interface, that bus master can address the iSBC
86/12A board as aslave RAM device. The bus master
first places the address on the Multibus interface and
then asserts MRDC/ or MWTC/. Address bits
ADRD/-ADR10/ and switch S1 present a 10-bit
address to a special ROM (A67) (3ZB5); address bits
ADR11/-ADR13/ are decoded by A66 (3ZB6). The
switch settings of S1 represent the base address and
memory bus size; the 01-0O3 outputs of A67 are
ATRD/-ATRF/, which are multiplexed by A86
(5ZC4) into memory address bits AMD-AMF when
the SLAVE MODEY/ signal is subsequently activated
by the Dual Port Control Logic. The O4 output of A67
is driven through A23-4 (when the 128K byte
matches) to develop the OFF BD RAM ADR RQT
signal, which is applied to the Dual Port Control
Logic. If no CPU access is in progress, the Dual Port
Control Logic then enters the slave mode and, when
A49-10 (11ZC6) goes low, develops the RAM CS and
SLAVE CMD EN/ signals. RAM CS enables RAM
Controller A70 (10ZC6) and SLAVE CMD EN/ gates
DPRD/ or DPWT/ (3ZA6) to the RAM Controller.
The RAM Controller then multiplexes the address to
RAM and, depending on which input command is
true (DPRD/ or DPWTY/), drives its WE/ output high
or low. (The WE/ output is driven low for a write; it
remains high for a read.) The SACK/ and XACK/
signals are generated by the RAM Controller as
described in paragraph 4-33. The CPU completes the
read or write operation when XACK/ is asserted.

During the Multibus interface access of on-board
RAM, the SLAVE MODE/ signal enables the
Address Bus Drivers (A86/87/88); the ON BD ADR/
signal is false and enables the Data Bus Drivers
(A69/89).

4-39. BYTE OPERATION. For Multibus inter-
face operation, the on-board RAM is organized as two
8-bit data banks; all even byte data is in one bank
(DATO0/-DAT7/) and all odd byte data is in the other
bank (DAT8/-DATF/). Refer to figure 3-1 which
shows the data path for Multibus interface operation
by 8-bit and 16-bit bus masters.

All word operations must occur on an even byte
address boundary with BHEN/ asserted (low). Byte
operations can occur in one of two ways:

a. The even bank can be accessed by controlling
ADRO/, which places the data on the DATO/-
DATY7/ lines. (Refer to figure 3-1A.)
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b. To accesstheodd bank, which is normally placed
on DAT8/-DATF/, the data path shown in figure
3-1B is implemented. This requires that BHEN
be false (high) and ADRO/ be low.

These operations permit the access of both bytes of
the 16-bit data word by controlling ADRO/. In other
words, ADRO/ specifies a unique byte and is not a
part of a 16-bit word operation.

Shown below are the states of BHEN/ and ADRO/ for
8-bit and 16-bit operations and the effects on
transceiver control and memory block chip select.

Bus Control Data Bus Driver
Lines Chip Select

Memory Block
Chip Select

BHEN/ | ADRO/ | A69 | A89 | A90 | A72-A79 | A92-A99

1 1 On On* | Off Yes No
1 0 Off Off On No Yes
0 1 On On Off Yes Yes

*don’t care condition

4-40. INTERRUPT OPERATION

The 8259A PIC can support both bus vectored (BV)
and non-bus vectored (NBV) interrupts. For both BV
and NBYV interrupts, the on-board PIC (A24) (8ZB5)
serves as themaster PIC. (Refer to paragraph 2-14.)
The master PIC drives the CPU INTR input high to
initiate an interrupt request and the CPU then enters
the interrupt timing cycle in which two INTA cycles
occur back-to-back. The NBV and BV interrupts are
described in the following paragraphs.

NOTE

The iSBC 86/12A board must be capable of
Multibus interface access when using inter-
rupts.

4-41. NBV INTERRUPT. Assume that a NBV
interrupt is initiated by an on-board function driving
the IR5 line high to the on-board PIC; if no higher
interrupt is in progress, the PIC then drives the CPU
INTR input high. Assuming that the NMI interrupt
isinactive and that the CPU interrupt enable flip-flop
is set, the CPU suspends the current operation and
proceeds with the first of two back-to-back INTA
cycles. (Refer to figure 4-6 for signals activated
during the first and subsequent INTA cycle.)

The Bus Arbiter A82 (3Z2D4) acquires control of the
Multibus interface and the MCE signal from the
Status Decoder A81 (3ZB4) drives the LOCK/ signal
low to ensure Multibus interface control until the
second INTA cycle is complete. The Bus Command
Decoder A83 (3ZC4) drives the INTA/ signallow. On
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receipt of the first INTA/ signal, the master PIC
freezes the internal state of its priority resolution
logic. The first INTA/ signal also sets flip-flop A63-5
(8ZA2), which generates the 1st INTA ACK/ signal to
drive the CPU READY input high.

The CPU then proceeds with the second INTA
cycle. On receipt of the second INTA/ signal, the
master PIC places an 8-bit identifier for IR5 on the
data bus, and drives its DEN/ output low. The
resultant LOCAL INTA DEN/ signal enables Data
Buffer A44/45 and drives the CPU READY input
high. (The second INTA/ signal clears flip-flop
A63-5.) The CPU then inputs the 8-bitidentifier and
terminates the interrupt timing cycle.

The CPU multiplies the 8-bit identifier by four to
derive the restart address of the interrupting
device. After the service routine is completed, the
CPU automatically resets all its affected flags and
returns to the main program.

4-42. BV INTERRUPT. As far as the CPU is
concerned, BV interrupts are handled exactly the
same as NBV interrupts. Assume that the IR6lineto
the master PIC is driven by a slave PIC on the
Multibus interface. When IR6 goes high, the master
PIC drives the CPU INTR input high as previously
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described. On receipt of the first INTA/ signal, the
master PIC generates BUSINTA DEN/ viaits DEN/
output and places the interrupt address code for IR6
on its C0-C2 pins; since QMCE/ is enabled by the
MCE output of the Status Decoder, the C0-C2 is
transferred to the Address Latch via address lines
ADS-ADA. (These bits are latched when the ALE
signal goes false.) The BUS INTA DEN/ signal
enables the Data Bus Driver in preparation to receive
the 8-bit identifier from the slave PIC. (Theinterrupt
address code is now on Multibus interface address
lines ADR8/-ADRA/.)

The first INTA/ signal sets flip-flop A63-5 to drive
the CPUREADY input high. The CPU then proceeds
with the second INTA cycle. When the second
INTA/ signal is driven onto the Multibus interface
and the slave PIC recognizes its address, it outputs an
8-bit identifier onto the DATO0/-DAT7/ lines and
drives the Multibus interface XACK/ line low. (The
second INTA/ also toggles and clears flip-flop
A63-5.) The CPU then inputs the 8-bit identifier and
terminates the interrupt timing cycle.

The CPU multiplies the 8-bit identifier by four to
derive the restart address of the interrupting
device. After the service routine is completed, the
CPU automatically resets all its affected flags and
returns to the main program.
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CHAPTER 5
SERVICE INFORMATION

5-1. INTRODUCTION

This chapter provides a list of replaceable parts,
service diagrams, and service and repair assistance
instructions for the iSBC 86/12A Single Board
Computer.,

5-2. REPLACEABLE PARTS

Table 5-1 provides a list of replaceable parts for the
iSBC 86/12A board. Table 5-2 identifies and locates
the manufacturers specified in the MFR CODE
column in table 5-1. Intel parts that are available on
the open market are listed in the MFR CODE column
as “COML”; every effort should be made to procure
these parts from a local (commercial) distributor.

5-3. SERVICE DIAGRAMS

The iSBC 86/12A board parts location diagram and
schematic diagram are provided in figures 5-1 and
5-2, respectively. On the schematic diagram, a
signal mnemonic that ends with aslash (e.g.,IOWC/)
is active low. Conversely, a signal mnemonic
without a slash (e.g., INTR) is active high.

5-4. SERVICE AND REPAIR
ASSISTANCE

United States customers can obtain service and
repair assistance from Intel by contacting the MCSD
Technical Support Center in Santa Clara, California
at one of the following numbers:

Telephone:

From Alaska or Hawaii call—
(408) 987-8080

From locations within California call toll free—
(800) 672-3507

From all other U.S. locations call toll free—
(800) 538-8014

TWX: 910-338-0029 or 910-338-0255

TELEX: 34-6372

Table 5-1. Replaceable Parts

Reference Designation Description Mfr. Part No. (:1 f;.e Qty.
A1,37,62 IC, 74125, Quad Bus Buffer (3-state) SN74125 TI 3
A2,21,53 IC, 74832, Quad 2-Input Positive-OR Gate SN74832 T 3
A3,7 IC, 74810, Triple 3-Input Positive-NAND Gate SN74S10 TI 2
A4,49 IC, 745175, Hex Quad D-Type Flip-Flop SN74S175 TI 2
A5 IC, 9602, Dual One-Shot Multivibrator 9602PC FAIR 1
A6,51 IC, 74S11, Triple 3-Input Positive-AND Gate SN74511 Ti 2
A8,9 IC, Intei 8226, 4-Bit Bidirectional Bus Driver 8226 COML 2
Al4 IC, 75189, Quad Line Receivers SN75189 Ti 1
A15 IC, 75188, Quad Line Drivers SN75188 TI 1
A16 IC, 74163, Sync 4-Bit Counter SN74163 1 Tl 1
A17,80 IC, Intel 8224, Clock Generator and Driver 8224 COML 2
A18,54 I1C, 745139, Decoder/Multiplexer SN74S139 TI 2
A19,32 IC, 74S08, Quad 2-Input Positive-AND Gate SN74S08 Ti 2
A20,34 IC, 74304, Hex Inverters SN74S04 T 2
A22,59 IC, 7432, Quad 2-Input Positive-OR Gate SN7432 TI 2
A23 IC, 74802, Quad 2-Input Positive-NOR Gate SN74S02 TI 1
A24 IC, Intel 8259A, Programmable Interrupt Controller | 8259A COML 1
A25 IC, Intel 8255A, Programmable Peripheral Interface | 8255A COML 1
A26 IC, Intel 8253, Programmable Interval Timer 8253 COML 1
A27 IC, Intel 8251A, Programmabie Comm. Interface 8251A COML 1
A30,57 IC, 74LS75, 4-Bit Bistable Latch SN74LS75 T 2
A31,33,43,52 IC, 74500, Quad 2-input Positive-NAND Gate SN74S00 Ti 4
A35,84,85 IC, 74LS04, Hex Inverters SN74LS04 TI 3
A36 IC, 74LS00, Quad 2-Input Positive-NAND Gate SN74LS00 TI 1
A38 IC, Intel 8284, 18-Pin Clock Generator 8284L COML 1
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Table 5-1. Replaceable Parts (Continued)
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Reference Designation Description Mfir. Part No. c': ';e Qty.
A39° : IC, Intel 8086, 16-Bit Microprocessor 8086 COML 1
A40,41,71,91 IC, 745373, Octal D-Type Latches SN74S8373 T 4
A42,44,45,58,60,61 IC, Intel 8286, 8-Bit Non-Inverting Transceiver 8286 COML 6
A48 1C, 7438, Quad 1-Input Positive-NAND Gate SN7438 T 1
A50,63 I1C, 74S74, Dual D-type Edge-Triggered Flip-Flop SN74S74 TI 2
AS55 1C,74S30, 8-Input Positive-NAND Gate SN74S30 TI 1
A56 IC, 7425, Dual 4-Input Positive-NOR Gate w/Strobe | SN7425 TI 1
A64 1C,74S140, Dual 4-Input Positive-NAND Gate SN74S140 TI 1
A65 IC, 8097, 3-State Hex Buffers DM8097 NAT 1
A66 IC, 74LS138 SN74LS138 TI 1
A67 IC, PROM, Address Decoder INTEL 9100134 1
AB8 IC, PROM, Address Decoder INTEL 9100129 1
A69,87-90 IC, Intel 8287, 8-Bit Inverting Transceiver 8287 COML 5
A70 IC, Intel 8202, Dynamic RAM Controller 8202 COML 1
A72-79,92-99 IC, intel 2117-4, Dynamic RAM 2117-4 COML 16
A81,83 IC, Intel 8288, Bus Controller for 8086 8288 COML 2
A82 IC, Intel 8289, Bus Arbiter for 8086 8289 INTEL 1
A86 IC, 745240, Octal Buffer/Line Driver/Line Receiver SN74S5240 Tl 1
CR1,2 Diode, 1N914B OBD COML 2
C1,2,4-11,13,15-19, Cap., mono, 0.1uF, +80 -20%, 50V, oBD COML 57
21-25,28-51,65-75,91 Low Profile
c3 Cap., mono, 1.0uF, +10%, 50V OBD COML 1
C12, 27, 64 Cap., mica, 1.0pF, 5%, 500V 0OBD COML 3
C20,98 Cap., mono, 0.001uF, £20%, 50V OBD COML 2
C26 Cap., tant, 10uF, +10%, 20V OBD COML 1
Cc92 Cap., mono, 0.33uF, +80 -20%, 50V OBD COML 1
C52,54,55,57,58,60,61 Cap., mono, 0.047uF, +80 -20%, 50V, OBD COML 16
63,76,78,79,81,82, Low Profile
84,85,87
C53,56,59,62,77,80, Cap., mono, 0.01uF, +80 -20%, 50V oBD COML 8
83,86
C88-90,93-97 Cap., tant, 22uF, +10%, 15V oBD COML 8
RP1 Res., pack, 8-pin, 1K, +5%, 2W PP oBD COML 1
RP2 Res., pack, 14-pin, 1K, £2%, 1.5W PP oBD COML 1
RP3 Res., pack, 16-pin, 10K, 5%, 2W PP OBD COML 1
RP4 Res., pack, 6-pin, 2.2K, 5%, 1W PP 0oBD COML 1
R1,11,16,17 Res., fxd, comp, 10K, £5%, %W oBD COML 4
R2,22 Res., fxd, comp, 20K, +5%, W OBD CcOoML 2
R3-5,13,20 Res., fxd, comp, 5.1K, +5%, %W OBD COML 5
R7,8,10,14,18,19,21,23 Res., fxd, comp, 1K, 5%, “W oBD COML 8
R9 Res., fxd, comp, 100K, 5%, %W oBD COML 1
R12 Res., fxd, comp, 330 ohm, £5%, %W oBD COML 1
R15 Res., fxd, comp, 270 ohm, 5%, %W oBD COML 1
S1 Switch, 8-position, DIP 206-8 CTS 1
VR1 Voltage regulator MC79L05AC MOT 1
XA8,9 Socket, 16-pin, DIP C-93-16-02 TI 2
XA10-13 Socket, 14-pin, DIP C-93-14-02 TI 4
XA28,46 Socket, 24-pin, DIP C-93-24-02 Tl 4
XA39,70 Socket, 40-pin, DIP 540-A37D AUG 2
XA67,68 Socket, 18-pin, DIP C-93-18-02 T 2
XA71,91 Socket, 20-pin, DIP C-93-20-02 TI 2
Y1 Crystal, 22.1184-MHz, fundamental oBD CTS 1
Y2 Crystal, 15-MHz, fundamental OoBD CTS 1
Y3 Crystal, 18.432-MHz, fundamental OBD CTS 1
Extractor, Card S-203 SCA 2
Post, Wire Wrap 89531-6 AMP 139
Plug, Shorting, 2-position 530153-1 AMP 2
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Service Information

Always contact the MCSD Technical Support Center
before returning a product to Intel for service or
repair. You will be given a “Repair Authorization
Number”, shipping instructions, and other impor-
tant information which will help Intel provide you
with fast, efficient service. If the product is being
returned because of damage sustained during
shipment, or if the product is out of warranty, a
purchase order is necessary in order for the MCSD
Technical Support Center to initiate the repair.

In preparing the product for shipment to the MCSD
Technical Support Center, use the original factory
packaging material, if possible. If the original
packaging is not available, wrap the product in a
cushioning material such as Air Cap TH-240 (or

iSBC 86/12A

equivalent) manufactured by the Sealed Air Corpora-
tion, Hawthorne, N.J., and enclose in a heavy-duty
corrugated shipping carton. Seal the carton securely,
mark it “FRAGILE” to ensure careful handling, and
ship it to the address specified by MCSD Technical
Support Center personnei.

NOTE

Customers outside of the United States
should contact their sales source (Intel Sales
Office or Authorized Intel Distributor) for
directions on obtaining service or repair
assistance.

Table 5-2. List of Manufacturers’ Codes

Mir. Code Manufacturer Address Mfr. Code Manufacturer Address

AMP AMP, Inc. Harrisburg, PA MOT Motorola Phoenix, AZ
Semiconductor

AUG Augat, Inc. Attleboro, MA NAT National Santa Clara, CA
Semiconductor

CTS CTS Corp. Elkhart, IN SCA Scanbe, Inc. El Monte, CA

FAIR Fairchild Mt. View, CA Tl Texas Instruments Dallas, TX

Semiconductor

INTEL Intel Corp. Santa Clara, CA || COML Available from any commercial source.

Order by Description (OBD)
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Jumpers
Jumpers Factory Default Option
W1 A-B N/A
w2 A-B N/A
w3 A-B N/A
W4 A-B
W5 A-B See table 2-4
W6 A-B
E63-E64 Open When installed enables common

ground between chassis.
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Option

N/A
N/A
N/A

See table 2-4

| installed enables common
-ound between chassis.
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iSB

Jumpers
Jumpers Factory Default Option
E107-E108 Open Install to use AACK
E£112 through E128 E125-E126 See figure 2-1
E129-E130-E131 E129-E130 See table 2-13
E143-E144-E145 E144-E143 See table 2-13
E151-E152 Installed See paragraph 2-24
W7 A-B-C A-C N/A
Si None See figure 2-1
Glossary
AACK Advance Acknowledge
ADV MEM WRT Advance Memory Write
ALE Address Latch Enable
ATRD-ATRF Address Transformed D-F
BPRO Bus Priority Out
BPRN Bus Priority In
BREQ Bus Request
BUS ADEN Bus Address Enable
BUS DEN Bus Data Enable
BUSY Busy
CBRQ Common Bus Request
DEN Data Enable
DPRD Dual Port Read
DPWT Dual Port Write
DT/R Data Transmit/Read
INHI Inhibit
INTA Interrupt Acknowledge
INTA CYCLE Interrupt Acknowledge Cycle
IORC Input/Output Read Command
IORD Input/Output Read
IOWC Input/Output Write Command
IOWT Input/Output Write
MEM RD Memory Read
MRDC Memory Read Command
MWTC Memory Write Command

OFF BD RAM ADDR REQ
OFF BD RAM CMD

OFF BD RD

QMCE

XACK

Off Board Random Access Memory Address Request

Off Board Randoem Access Memory Command

Off Board Read

Qualified Master Cascade Enable

Transfer Acknowledge
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Option

Instali to use AACK
See figure 2-1
See table 2-13
See table 2-13

See paragraph 2-24

N/A
See figure 2-1
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 3 of 11)
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 4 of 11)
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 6 of 11)
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Jumpers Factory Default Option
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 7 of 11)
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 8 of 11)
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Jumpers

iSB(

Jumpers

Factory Default

Option

E7-E20

E21-E37

E7-E8, E7-E10, E13-E14, E17-E18,

E19-E20, E15-E16

E21-E25, E24-E35, E26-E27, E28-E29,

E30-E31, E32-E33

——

See paragraph 2-16

Glossary

BUS INTR OUT
EXT CLK
GATEO CTL
GATE 1 CTL
STXD

Bus Interrupt Out
External Clock
Gate 0 Control

Gate 1 Control

Secondary Transmit Data
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iS1

Jumpers
Jumpers Factory Default Option
E103-E104 installed
£105-E106 instalied } See table 2-9
Glossary
BCLK Bus Clock
CAS Column Address Strobe
CCLK Constant Clock
DMRO-DMRF Dynamic RAM Output 0-F
RAM AACK Random Access Memory Advance Acknowledge
RAM XACK Random Access Memory Transfer Acknowledge
WE1-WE2 Write Enable 1 and 2
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 10 of 11)
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iSH

DP ON BD ADR EN
ON BD CMD EN
ON BD RAM ACK
RAM CS

SLAVE CMD EN

SLAVE DATA EN

Dual Port On Board Address Enable

On Board Command Enable

On Board Random Access Memory Acknowledge
Random Access Memory Chip Select

Slave Command Enable

Slave Data Enable
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Figure 5-2. iSBC 86/12A Schematic Diagram (Sheet 11 of 11)
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TELETYPEWRITER MODIFICATIONS

APPENDIX A

This appendix provides information required to
modify a Model ASR-33 Teletypewriter for use with
certain Intel iISBC 80 computer systems.

A-2. INTERNAL MODIFICATIONS

I WARNING I

Hazardous voltages are exposed when the
top cover of the teletypewriter is removed. To
prevent accidental shock, disconnect the
teleprinter power cord before proceeding
beyond this point.

Remove the top cover and modify the teletypewriter
as follows:

a. Remove blue lead from 750-ohm tap on current
source resistor, reconnect this lead to 1450-ohm
tap. (Refer to figures A-1 and A-2.)

b. On terminal block, change two wires as follows
to create an internal full-duplex loop (refer to
figures A-1 and A-3):

1. Remove brown/yellow lead from terminal 3;
reconnect this lead to terminal 5.

2. Remove white/blue lead from terminal 4; re-
connect this lead to terminal 5.

c. On terminal block, remove violet lead from
terminal 8; reconnect this lead to terminal 9. This
changes the receiver current level from 60 mA to
20 mA.

A relay circuit card must be fabricated and connected
to the paper tape reader drive circuit. The relay
circuit card to be fabricated requires a relay, a diode,
a thyractor, a small ‘vector’ board for mounting the
components, and suitable hardware for mounting
the assembled relay card.

A circuit diagram of the relay circuit card is included
in figure A-4; this diagram also includes the part
numbers of the relay, diode, and thyractor. (Note

that a 470-ohm resistor and a 0.1 F capacitor may
be substituted for the thyractor.) After the relay
circuit card has been assembled, mount it in position
as shown in figure A-5. Secure the card to the base
plate using two self-tapping screws. Connect the
relay circuit to the distributor trip magnet and mode
switch as follows:

a. Refer to figure A-4 and connect a wire (Wire ‘A’)
from relay circuit card to terminal L2 on mode
switch. (See figure A-6.)

b. Disconnect brown wire shown in figure A-7 from
plastic connector. Connect this brown wire to
terminal L2 on mode switch. (Brown wire will
have to be extended.)

c. Refer to figure A-4 and connect a wire (Wire ‘B’)
from relay circuit board to terminal L1 on mode
switch.

A-3. EXTERNAL CONNECTIONS

Connect a two-wire receive loop, a two-wire send loop,
and a two-wire tape reader control loop to the
external device as shown in figure A-4. The external
connector pin numbers shown in figure A-4 are for
interface with an RS232C device.

A-4. iSBC 530 TTY ADAPTER

The iSBC 530 TTY adapter, which converts RS232C
signal levels to an optically isolated 20 mA current
loop interface, provides signal translation for
transmitted data, received data, and a paper tape
reader relay. The iSBC 530 TTY adapter interfaces an
Intel iSBC 80 computer system to a teletypewriter as
shown in figure A-8.

The iSBC 530 TTY adapter requires +12V at 98 mA
and -12V at 98 mA. An auxiliary supply must be used
if the iSBC 80 system does not supply this power. A
schematic diagram of the iSBC 530 TTY adapter is
supplied with the unit. The following auxiliary power
connector (or equivalent) must be procured by the
user:

Connector, Molex 09-50-7071
Pins, Molex 08-50-0106
Polarizing Key, Molex 15-04-0219

A-l
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APPENDIX B

iSBC 300 MULTIMODULE RAM AND
iSBC 340 MULTIMODULE EPROM

B-1. iNTRODUCTION 3. Remove the iSBC 86/12A board from the
backplane and place it on a soft surface

This appendix provides information for installing (preferably a piece of foam), component side up.

the iSBC 300 Multimodule RAM Board and theiSBC .

340 Multimodule EPROM Board on the iSBC 86/12A 4 bRemg"e IC (8202) at A70 from the iSBC 86/12A

board. oard.

5. Remove IC’s (74S373) at A71 and A91 from the

iSBC 86/12A board.

NOTE

B-2. iSBC 300 MULTIMODULE
RAM INSTALLATION

The following steps explain how to unpack and

install the iSBC 300 Multimodule RAM. Save these IC’s, they will be reinstalled at a
later step.
1. Unpack the iSBC 300 Multimodule RAM.
2. Inspect the iSBC 300 Multimodule RAM for 6. Insert the iSBC 300 Multimodule RAM mating
damage. If damage exists, follow the instruc- pins into socket A70 and other mating pins,
tions for repairs in Section 5 of this manual. orienting the board as shown in figure B-1.

MEMORY LATCHES
(FROM iSBC 86/12A)

iSBC 300
OPTION

DYNAMIC
RAM CONTROLLER
(FROM iSBC 86/12A)

iSBC 86/12A
REPLACEMENT

MEMORY ADDRESS
DECODE PROMS O

(SUPPLIED WITH
iSBC 300 OPTION)

(@

{
\

NYLON MOUNTING HARDWARE
(3 PLACES)
(SUPPLIED WITH iSBC 300 OPTION)

Figure B-1. iSBC 300 Multimodule RAM Orientation




Appendix B

7. Ensure the mating pins are aligned and carefully
press the iSBC 300 Multimodule RAM into place
by applying pressure at Al of the iSBC 300
Multimodule RAM.

8. Place nylon spacer between the iSBC 86/12A
board and the iSBC 300 Multimodule RAM board
at one of the holes shown in figure B-1.

9. Insert screw from solder side through the iSBC
86/12A board, the spacer, and the iSBC 300
Multimodule RAM board.

10. Attach nut and tighten finger tight.
11. Repeat steps 8 through 10 for the other two holes.

12. Tighten all three screws, using a screw driver.

Do not overtighten screws as damage to the
board could result.

13. Insert 8202 IC (removed in step 4) into location
Al on the iSBC 300 Multimodule RAM.

14. Insert the two 74S373 IC’s (removed in step 5)
into locations A2 and All on the iSBC 300
Multimodule RAM.

Ensure that the IC’s are properly oriented in
their sockets or they could be damaged when
power is applied.

15. Remove two IC’s, from the iSBC 86/12A board at
locations A67 and A68.

16. Insert new IC, part number 9100212, at location
A67.

17. Insert new IC, part number 9100213, at location
A68.

18. Set the switches on S1 per figure 2-1.

B-3. iSBC 340 MULTIMODULE EPROM
INSTALLATION

The following steps explain how to unpack anc
install the iSBC 340 Multimodule EPROM.

1. Unpack the iSBC 340 Multimodule EPROM.

2. Inspect the iSBC 340 Multimodule EPROM for
damage. If damage exists, follow the instruc-
tions for repairs in Section 5 of this manual.

iSBC 86/12A

3. Install the 2732 EPROM’s in the iSBC 340
Multimodule EPROM.

4. Trim the leads of the 2732’s at the end of the
connectors.

Do not cut connectors.

5. Remove the iSBC 86/12A board from the
backplane and place it on a soft surface
(preferably a piece of foam), component side up.

6. Remove PROM’s from locations A28 and A46, if
installed.

7. Bend all capacitors, that will reside under the
iSBC 340 Multimodule EPROM, down against
the board.

8. Hold the iSBC 86/12A board on edge and install
two screws (reference figure B-2), from the solder
side.

9. Place a spacer on each of the screws.

10. Install theiSBC 340 Multimodule EPROM on the
iSBC 86/12A board in the location shown in
figure B-2.

11. Press the iSBC 340 Multimodule EPROM into
place by pressing at locations A3 and A6.

12. Install the two nuts and tighten them finger
tight.

13. Tighten the two nuts with a screw driver.

Do not over tighten as damage to the board
could result.

14. Reinstall the EPROM’s removed in step 6, if they
were 2732 EPROM’s. Reinstall them in locations
A3 and A6.

15. Set the switches on S1 per figure 2-1.

B-4. SERVICE INFORMATION

The following paragraphs provide a list of replace-
able parts and service diagrams.

B-5. REPLACEABLE PARTS

Table B-1 provides a list of replaceable parts for the
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NYLON HARDWARE
(SUPPLIED WITH OPTION)

iSBC 86/12A

Figure B-2. iSBC 340 Multimodule EPROM Orientation

iSBC 300 Multimodule RAM and iSBC 340 Multi-
module EPROM. Table B-2identifies and locates the
manufacturers specified in the MFR CODE column
in table B-1. Intel parts that are available on the
open market are listed in the MFR CODE columns as
“COML”; every effort should be made to procure
these parts from a local (commercial) distributor.

B-6. SERVICE DIAGRAMS

The iSBC 300 Multimodule RAM parts location
diagram and schematic diagram arae provided in
figures B-3 and B-4, respectively. The iSBC 340
Multimodule PROM parts location diagram and
schematic diagram are provided in figures B-5 and
B-6, respectively.

Table B-1. Replaceable Parts, iSBC 300 Multimodule RAM and iSBC 340 Multimodule PROM

Reference Designation

Description

A3-10,12-19 (300)
C1-6 (340)
C1-3,6,8,10,12-21,23,

25,27-24 (300)
C4,7,9,11,22,24,26,38 (300)
C5,36,37 (300)

IC, Intel 2117-4, Dynamic RAM
Cap., Cer, 0.1uF, +80 -20%, 50V
Cap., Cer., 0.1uF, +80 -20%, 50V

Cap., mono, 0.01uF, £10%, 15V
Cap., tant, 22uF, £10%, 15V

Mfr.
Mfr. Part No. Code Qty.
2117-4 COML 16
0oBD COML 6
OBD COML 26
oBD COML 8
OoBD COML 3

B-3/B-4
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Figure B-6. iSBC 340 Multimodule EPROM Schematic
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CUSTOM PROGRAMMED PROMS

APPENDIX C

C-1. INTRODUCTION

This appendix provides information about two
custom programmed PROMs that are used on the
iSBC 86/12A board. One is uesd for on-board Chip
Select and Address Selection (A68), and the other is
used for Address Transformation (A67).

The PROMs that are shipped from the factory with
the iSBC 86/12A, support the basic iSBC 86/12A
board with or without the iSBC 340 Multimodule
PROM. When the iSBC 300 Multimodule RAM is
ordered, a new set of PROMs are shipped. These two
configurations are described in the following
paragraphs.

A third configuration is listed in table C-8 that may
be programmed by the customer. This third configur-
ation allows 2758’s, 2716’s, or 2732’s to beinstalled on
the iSBC 340 Multimodule EPROM memory expan-
sion board.

C-2. ADDRESS TRANSFORMATION
PROM

The iSBC 86/12A board has up to 64k of dual port
RAM which may be accessed by both the on-board

processor and the bus. The base address of RAM on-
board is fixed. The base address of RAM from the bus
may be set on any 8k (or 16k if iSBC 300 Multimodule
RAM installed) boundary. It is the job of this PROM
to transform the bus address to the proper on-board
address for correct dual-port access.

The base address, as seen from the bus, is set by 4
switches: sections 1 through 4 of S1. These switches
may be set in any one of 16 patterns, corresponding to
the sixteen 8k or 16k boundaries in a 128k address
space. Table C-1 shows how these switches are set.

The size of RAM available to the bus may also be
specified. Two additional switches enable 8k, 16k,
24k, or 32k (16k, 32k, 48k, or 64k if iSBC 340
Multimodule RAM installed) to the bus. See table
C-2.

RAM may alsc be totally disabled from the bus by
selecting a 128k byte segment that is out of
range. This is accomplished by jumpering post112to
114 and removing any other segment jumper.

The PROM used is an Intel 3625, 1k by 4 bipolar
PROM. As such, it has 10 address inputs and 4
outputs. Four of the inputs, (PROM address lines A0,

Table C-1. RAM Base Address

S1*
BASE
1-16 2-15 3-14 4-13 ADDRESS
(0] (o) (0] (o] 1 FFFF
(o) (0] o} o} 1 DF FF
(o] O C (o] 1BFFF
o] 0] o] C 19 F FF
o] C o (o] 17 F FF
(o] (] (0] C 15 FFF
O (] C O 1 3F FF
o (o} C C 11 FFF
(] O (@] 0 OF F F F
(o] o (e] o] ODF FF
C O C (e] OBFFF
o] (0] o] C O9 F FF
C (o] o (o] O7 F F F
C C (0] (o] OS5 F F F
(o] C C (o} O3 F FF
C C C C O1F FF
* C =Closed, O = Open

C1



Appendix C
Table C-2. RAM Size
st
RAM Auvailable
6-11 512 to Bus
(] C 8k/16k
C (0] 16k/32k
o] (] 24k/48k
(0] (o} 32k/64k
* C = Closed, O = Open

Al, A2, A3) connect directly to bus address lines
ADRD/, ADRE/, ADRF/, and ADR10/. Theselines
tell the PROM the current address on the bus so that
the PROM may determineifthat address is for the on-
board RAM. Since the address lines on the bus are
inverted, the address represented by the inputs will be
the complement of the actual input. Four more
address inputs (PROM lines A4, A5, A6, A7) connect
to the base address switches to tell the PROM the top
address of the RAM. The final two inputs (PROM
lines A8 and A9) connect to the bus memory size
switches to determine the amount of RAM available
to the bus.

One of the PROM outputs (0O4) is the RAM select
line. This output is negative-true, that is, it goes low
when an on-board RAM location is selected.

The other three outputs are the transformed address
lines to the RAM. These lines are also negative-
true. Output O1=ATRD/, O2=ATRE/, O3=ATRF/.

For explanation purposes, the PROM is broken up
into four 256-byte pages. Each page corresponds to
one setting of the RAM size switches. Table C-3
shows the relation between switch settings and the
PROM page selected.

C-3. ADDRESS TRANSFORMATION
PROM CONFIGURATIONS

Table C—4 lists the address transformation PROM
outputs for a factory shipped PROM (A67) to support
the iISBC 86/12A board. For presentation, the PROM

iSBC 86/12A

address is divided into 3 groups. The page number
(A) specifies the upper 2 bits of the PROM address (A8
and A9). The left hand column of each table (B)
specifies the middle 4 bits of the PROM address (A4,
A5, A6, and A7). The top row of each table specifies
the lower 4 bits of the PROM address (A0, A1, A2, and
A3).

The PROM address may be found by combining the
bits from groups A, B, and C. For example, a
particular entry is on page 3, row 4, column 5. The
address within the PROM is 345 hex.

Table C-5 lists the address transformation PROM
outputs for a factory shipped PROM (A67) to support
the iSBC 86/12A board and the iSBC 300 Multi-
module RAM.

C-4. MEMORY CHIP SELECT PROM

The iSBC 86/12A can have up to 64k of on-board
RAM and up to 8 EPROMs. These functional blocks
are interconnected with several on-board buses. It is
the job of the memory chip select PROM to select the
proper block, send control signals to the bus enable
logic, and generate an acknowledge if required.

The PROM used is an Intel 3625, 1k by 4 bipolar
PROM. As such, it has 10 address inputs and 4
outputs. Eight of the inputs (PROM address input
lines A0-A7) connect to CPU address lines ABB-
AB12 so that the PROM may select the proper
chips. PROM address input lines A8 and A9 connect
to switch S1 positions 7 and 8 which allows the user to
select 1 of 4 possible sizes for the EPROM block.

There are four output lines from the memory chip
select PROM. The two lower outputs (O1 and O2) are
encoded by a 2-to-4 line decoder. The outputs from the
2-to-4 line decoder select which set of EPROM chips
will be enabled. The two upper outputs (O3 and 04)
are used to control the on or off board RAM request
and to enable or disable the 2-to-4 line decoder for
PROM selection. Table C-6 lists the output coding
from the memory chip select PROM and table C-7
lists the input and outputs for the 2-to-4 decoder.

Table C-3. RAM Size - PROM Page

$1*
RAM PROM PROM Address

8-9 7-10 Size Page Range

(o4 C 8k/16k 0 000 - OFF

C (o} 16k/32k 1 100 = 1FF

(o] o] 24Kk/48k 2 200 - 2FF
(o] (o} 32k/64k 3 300 - 3FF

* C = Closed, O = Open

C-2
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iSBC 86/12A

Table C-4. Translator PROM Contents for Intel Part Number 9100134

0 8K of RAM (Part Number 9100134)

Page 0 A

T TR TR TR T TUR TR TRN TR TR TRR TR TR TR TR T [T NTHE T N TR TR TRR TR TR THR TR TR TR TRR TR TR TR Wiluwwolbiiulbulbwuwil
[ I TR VIR - VI T VU VU T TR VR T VI TR TR TR TR [Nl ETR TR o) TN TR TRE TRR THR RN TR TRR TRR TR TR T O|bLusTnwoliwbbbi b
O R VU TRy TR T T T VI T TR VO VR VTR TR EN SN [T T TR A T T TO TR T T IR TR TR TR T Ojruuvwouwlbbuuwuuuuw
[sa TR TR TR THE - O VIR T TR TH TR TR TR TR TR TR T R TR T TR TR T ST TR TR TR TR TRR TRR TR TR TR O juitiue<woluwlluwwwl
£ N B VU VI T T U VIR - S VI ¥ I VU VR TR VI TR TR TR T P TR TR TR TR TR S TR IR TRE TR TR TR TRR TR T - N N T VO VIR TH VIR - Vo (o Jy VI VY Y TR W TR TR TR
- _ -
2 2 3
TlojLrrruuevrornuonnw T|lo |Ltbruuwvrruruwuy tfo TR TR TR TR TR TR o - TR TR TRY TR TR TR T
> >
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= -~ -
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iSBC 86/12A

Bus Address (Inverted)

Cc

LwonrL L bbb u

Lo~ bbb w

Lo~ e

WO~ Wb e u

[V Wiy TER VU - g Vo Vo B ol F Uy F Ny ¥ Ny ¥y 1y 1 Sy T VI

Luubuustnwon~L L b

|5 W F iy Uy TRy TSy VI = Vo JCo 2\ R VI ¥ I Uy Wy T B ¥ I

Lt onr~e bl

Wi utiuusonon~n L

[Ty WUy Sy ¥y ¥y iy iy T TR - Vo RV JY L VI TR

Lo uwubobutnno~iw

bbbkl Ino~n

| WU Wy ¥y Wy Wy ¥ Wy ¥y Wy Py Wy Wy P~ Vo (o I 0

| WISV Sy Wy Wy Wy ¥ Wy Wiy ¥ Ny Wy Wy ¥ Sy WMy T - g Y (e}

| VT G Sy ¥ Wy 1y T Wy Wy gy Ty ¥ Wy gy Wy N VIO = o T}

| Wy Ny Ty Ty Wy TGy ¥y Vi 'y Uiy VI Ty U U T T -

Bus Address (Inverted)

c

Ol b bbb bew

LWOr it bl

Lo~ bbb bbb

LiLuwori ki uw

WL WO~ bbbl bbb

| Wy WU Sy ¥ T VW o B I Wy WU B Sy ¥y Uy ¥ Sy W Wy T

Loyt

| W ¥y ¥ 08 ¥y iy iy TG o B0 i v R WU Sy Ty Ty N ¥ Y

[y Sy Wy iy Wy VU ¥ Wy ¥ o B g W T F N 3 Wy U VI

[N T Wy ¥ W oy Wy Wy ¥y ¥V ¥ N oo R0y VN W iy W VR

| P Wy Ty ¥y TR TGy Ty Ty Vi T I UG TR TE I

| VU Wy ¥ Ny F ey ¥y Iy Ty Wiy ¥y ¥y TS o J o ¥ Wy T TR

| ¥ Sy Iy Wy I Wy gy Wy ¥ My iy ¥y ¥ Ry ¥ Sy ¥ W o 0 gy W TR

| Wy TS ¥y ¥ Wy iy ¥ 1y Wy Ny ¥y ¥ ¥ ey 1y T e 2y T

Luitobupbubuwiibeuwwor

[ O W Wy iy Wy Ty Wy ¥ My Wy Wy T /Sy 1 gy Ty TS

Bus Address (Inverted)

C

WL ONML LWL e

LO~=aNMmUWUW W bbby

LLO~NMWLWL LW

LLULO~aNMULLWLL LU L

LUWLULO~ONMUB LWL bW

Lo rANOLULLL WL

LWLl ilLloraNMMLLLL W

| VU ¥ Sy VU N VI T 2 o VI TRV IS TS T By R TR

Ll lbloOrramub b

L ibuorrNmbL

| WOy Wy Wy ¥ W Sy 1 iy Iy 1 Wy ¥ Ty VY e i o VI o QY T T

Luwibubibuobibibipbuwuoramu

LuuubuwbuoibibuiiblLo~Nm

Luwibuwuobuoubpuouibora

Luibobobbpburibuopbuititoyr

Wi bbb bbunbibuwo

3 32K of RAM

Table C-4. Translator PROM Contents for Intel Part Number 9100134 (Cont’d)

Address
Switches

Page3 A

Appendix C

OrNOITVON~NOCOOCODOO WL

Table C-5. Translator PROM Contents for Intel Part Number 9100212

0 16K of RAM

B
Address
Switches

Page 0 A

OraMOTWLONOCOLCODOOWLW

32K of RAM

1

Address

Switches

A
B

Page 1

OrANOYTVLO~MNODOLCNDNOOW W
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iSBC 86/12A

Appendix C

Table C-5. Translator PROM Contents for Intel Part Number 9100212 (Cont’d)

Page2 A =2 48K of RAM

C = Bus Address (inverted)

Address
Switches

—_

8 9

o

omMMMMMMMMMTMMTMTNT| ©
S“omMMmMMMMTAMAMAMTAMT

MeoOomMmMTMmTmAMMM MMM N
WO MMMTM MMM TTM| W
AWNoOTTTMMMMMATMTM| &

TMTMOOWP»O©ONDOTA W -

ahON_LOTTITTT MM (5]

MmMObsONO—=OTATTTMMNTMTI| O
MTOAONN~—~OTMTMMMTNT| N
MMTMOLEON—-OT MMM AT

MTAMTMOAONN—-OTTITMTMN

MTMTTMTIMOAON—=OTMTIMTM| >
MMM TOLAON—OTMTIMT| @
MmO TTMoOAOND=2O0oTTMT| O
b B T T B B s B R B AN SR B B I B O
MMM TAMTMTMOAOND=OT| M
MMTAMTATATN AT TALONO=TI| T

Page 3 A =3 64K of RAM

B = Base
Address

C = Bus Address (Inverted)

Switches

-—
w

5]

7

o
©
o]
Q
m

ul

oTmTMMMMMTMMAMMM MMM ©
—OoOTMMM MMM MMM TAMMMT
MeOmMTMMAMMMAMAMMAM MM N
WL OoOmMTM M MMM MTMT
AN OTTMMAMMAMMATMT| &

TMOOWPOONONRWN=O

hOWNLOTMTTTMTMMTTTM

onhswWNNLOTMTTMATMAMTMATM ®
NoOoOhAWN—SOTMTMAMTM MMM
MNOOAWONLOTMMTMT AT
MTMNONBRWN—-OMMMTMMT
MTMTA~NOOAWN—-OTTTITIT >
MTAMTANOOAON—SOTTTT
MMM TMNOOOAON2OTTT O
TN MM MINOORWN =0T
MAMATMTATNTNINOORAWON=2OT
TMTTATMTNTANNMMNOOA®N =T

C-5. MEMORY CHIP SELECT PROM
CONFIGURATIONS

Table C-8 lists the chip select PROM outputs for a
factory shipped PROM (A68) to support the iSBC
86/12A board and an iSBC 340 Multimodule
EPROM. For presentation, the PROM address is
divided into 3 groups. The page number (A) specifies
the upper 2 bits of the PROM address (A8 and
A9). The left hand column of each table (B) specifies
the middle 4 bits of the PROM address (A4, A5, A6,
and A7). The top row of each table specifies the lower
4 bits of the PROM address (A0, Al, A2, and A3).

bits from groups A, B, and C. For example, a
particular entry is on page 2, row A, column 7. The
address within the PROM is 2A7 hex.

Table C-9 lists the chip select PROM outputs for a
factory shipped PROM (A68) to support the iSBC
86/12A board, the iSBC 300 Multimodule RAM, and
the iSBC 340 Multimodule EPROM.

Table C-10 lists the chip select PROM outputs for a
customer programmed PROM (A68) to support Intel
2758, 2716, or 2732 EPROMSs, iSBC 300 Multimodule
RAM, and iSBC 340 Multimodule EPROM. The
PROM map listed in Table C-10 must be programmed
into an Intel 3625 PROM by the customer. This
PROM replaces the decode PROM located at position
AG68 on the iSBC 86/12A board. The factory shipped
PROM at location A67 is not replaced.

In Table C-10 the “x” value represents one of the
foliowing two valiues:

1. X =F if iSBC 300 Multimodule RAM expansion
option is not installed.

C-5



Appendix C iSBC 86/12A

2. X =7 if iSBC 300 Multimodule RAM option is EPROMs. The following table lists the jumper and

installed. switch settings for 2716, 2732, or 2758 EPROMs.
EPROM Switch S1
C-6. SWITCH SETTINGS FOR 2758, 2716, T Jumpers 8-9 7-10
OR 2732 EPROMS WITH THE ype - -
iSBC 340 MULTIMODULE EPROM 2758 E94-E95, E07-E98 ON ON
Jumpers E94 through E99 and switch S1 must be 2716 E94-E96, E97-E98 ON OFF
reconfigured to accommodate 2716, 2732, or 2758 2732 E94-E96, E97-E99 OFF ON

Table C-6. Memory Chip Select PROM Outputs

Chip Output
Function
01 02 03 04
0 0 0 0
0 0 0 1
0 0 1 0
o] 0 1 1 Not Used
0 1 0 0
0 1 0 1
0 1 1 0
0 1 1 1 On Board RAM Request
1 0 0 0 PROM Chip Select 0*
1 0 0 1 PROM Chip Select 1*
1 0 1 0 PROM Chip Select 2
1 0 1 1 PROM Chip Select 3
1 1 0 0 I
: : (1) (1) * Off Board Memory Request
1 1 1 1
* Active only when iSBC 340 Multimodule EPROM is installed.

Table C-7. EPROM Select Coding

Input Output
1A 18 PCS0/ PCs1/ PCSs2/ PCS3/
0 0 0 1 1 1
0 1 1 0 1 1
1 ] 1 1 0 1
1 1 1 1 1 0

C-6



Appendix C

iSBC 86/12A

Table C-8. Chip Select PROM Contents for Intel Part Number 9100129

0 2K of EPROM (Part Number 9100129)
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iSBC 86/12A

C = Bus Address (Inverted)

[ 1 Iy ¥ gy Wy Uy Uy gy gy gy ¥ gy iy Ty Wy T Wy s o
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Bus Address (inverted)

(o]

3 16K of EPROM (Type 2732 with iSBC 340 Multimodule EPROM)

Table C-8. Chip Select PROM Contents for Intel Part Number 9100129 (Cont’d)
Address

Switches

Page 3 A
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OrANOTWLONOOOLCNOQOWL
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Bus Address (Inverted)

C

ML bbbe b uwm
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L o W I ey Wy Wy ¥y ¥y ¥y iy ¥ By ¥y TGy Vi Ty ¥

el o ¥ S ¥ T WGy ¥y W T Wy ¥y Ny ¥ Wy gy ¥y 1 gy TSy T

ol A S VW Wy gy ¥y Wy gy 1 Sy ¥y W Iy ¥ Wy ¥ gy ¥

[l R ¥ Sy ¥y U ¥y Uy ¥ Wy ¥ Wy ¥y Gy ¥ Wy Wy Ty V Wy T

[l R ¥ S ¥ S Wy Wy Wy ¥ My ¥y ¥ gy Uy ¥ My ¥y ¥y ¥ Sy T I

Table C-9. Chip Select PROM Contents for Intel Part Number 9100213

0 2K of EPROM (Type 2758) (Part Number 9100213)

Switches

B
Address

Page 0 A

Or-NMTLWONMNODOLCMOOW W

4K of EPROM (Type 2716)

Base
Address

B
Switches

Page1 A=1

OrAMTtOLONOCOOCODOOWW

C-8



Appendix C

Bus Address (Inverted)

C

N~ Wb bbb bebbum

~NhLbibbbbbibbbunbuwuwm

[ S VU 1 T Uy WA Wy ¥ Wy ¥y Wy 1y Uy 1 1y Ty 4

[ S U W Ty ¥y T I W Sy Ty 1y iy Sy ¥y Ty Vo 0 |

[ S N U T ¥ T S Wy W T ¥ Wy ey Wiy Ty T S T H VIR ¢

[ N VI U VI VI VW ¥ Wy ¥y 1y VI T Uy TS ¢

[ N VU W Uiy T VY T Iy Vi Iy Ry Ty Iy T -

[ S VU ¥ Uy U U 1 Wy ¥ Ty 1y ¥ ey Wy ¥ Ny T VI~

[ ¥ I TSy Wy T Wy ¥ Wy Wy Wy Wy gy Iy ¥y VS Vg T

| R S VI VU VU Uy F UV ¥ Wy 1 gy Wy Wy ¥y Ty Vg 1

[ N ¥ S ¥ Ty WUy ¥ Iy Wy U My Uiy ¥y ¥ Sy Wy Ty Wiy Vg T

A S WU VI V' Wy Uy Uy ¥y ¥y Sy Uy ¥ iy Ty VAR T R

[N A Uy Ty Uy Wy Wy ¥ Wy ¥y Wy W Wy 1 Wy Wy U Wy 4 iy 1 9

[ S U TS U ¥ S I W Wy ¥ Wy ¥ Ty Wy Uy ¥ iy VI Uy 1

| A S T 1 W ¥ Ny 1 Wy W gy WISy gy Ry ¥ Wy ¥ iy 1 gy ¥y Wy ¥

[ o I I Wy VW 1y ¥ Sy 1 iy ¥y Iy 1 Mgy gy 1y ¥ gy 1y T3

Bus Address (Inverted)

c

| S ¥ W Uy U TS I ¥ Wy 1 T Ty 1y ¥y ¥y Ty s

MNLLULULUUUWwLLLwLpuem

[ A ¥ S VU Wy Wy Wy U Wy ¥ Iy Sy gy Wy iy iy T ¢}

[ et S VS T Ty Ty Wy ¥y T Uy ¥ By (U ¥ Wy T VN U By Uy s 0

[ S 1 VI U Uy Ty VIS ¥ Iy Sy Sy U TSy T VR ¢

Mk bbb

[N A VIR Gy Ty VN U NGy Uiy TSy Uy VI Vi VW ¥ Wy T - ¢

[ S 1 ¥ Sy V1 Sy ¥ Wy VS ¥y [y W VN ¥y VI V- ¢

NN~LbUubbbibuupbpbobupounwo

~NN~bbbuuuebbbuwpbbboeo

Ny bbuuo

[ WU ¥ W TNy W 1 Wy W My 1y ¥ My VW gy S VMo )

[ S VS T UV Wy ¥y Wy 1 Wy Wy Py ¥ Sy Ty O W VW o]

[ N W ¥ S Iy U W Uy U Ty Iy ¥ Wy gy ¥ Wy gy W ¥ W o}

[ S ¥y ¥ Wy Wy W Wy Wy My Wy 1 My ¥ W ¥ S Vg o]

L S W S Iy Wy 1 Wy W Ty Wy ¥ Wy Wy 1 Wy Sy T HY. o]

Bus Address (Inverted)

Table C-10. User Coded Chip Select PROM Contents
C

Table C-9. Chip Select PROM Contents for Intel Part Number 9100213 (Cont’d)
2 8K of EPROM (Type 2732) '

Base

Switches

B
Address

Page2 A

iSBC 86/12A

oOramMtuwoOoONMNocOOCOOO WL

3 16K of EPROM (Type 2732 with iSBC 340 Multimodule EPROM)

Switches

B
Address

Page3 A

Or-rNOTTOLONMNOOLCOOOW W

~NXuwLuhubuwsbbubbobwwm

[ 1 Iy Uy ¥ U Iy VIR ¥ Iy Vi Ty Uy Ty ¥ TR~

~NXuLu bbb bbbbuobbuo

A~X LW bbb

[ et G ¥ S Sy ¥y Ty Ty Sy T Oy ¥ Iy Ty oy 1y 1 O 1 O

N~NX Wbl

NXWib bbb

ol G VIR Sy VU VG Py ¥y VI ¥ Wy Uy Gy VI T Wy U I

~NXuLbLuwbbw bbbk b

| QN 1 T Iy U Sy ISy ¥y ¥y ¥y Wy Ty Ty ¥ N Ty TS T Y

N~NX Wb bbw bbbl

[ G ¥ SR T iy Wy Ty Uy ¥ Sy oy ¥y Vi Wy gy 1 Sy T

[ G ¥ S Wy ¥y T Ty ¥ Wy VIS ¥y Ny VI F Wy gy 1 VI

[ i WUy ¥ iy iy 1 My Ty gy ¥ Wy Wy ¥ Wy W Wy ¥ Wy ¥ Wy ¥y 1

[l G V' U Ty Wy ¥ Wy Uy gy ¥ Wy Wy ¥ Sy V Wy ¥y 1 Wy ¥y '

[ Oy ¥y Uy ¥y Wy ¥y Wy Wy T T Ty Ty

0 2K of EPROM (Type 2758)

Switches

B
Address

Page 0 A

OraNMYTLONMNODOLCOONWW

C-9




iSBC 86/12A

Bus Address (Inverted)

Cc

~NXwwi bbb m

MAXLb ki uwbbbuwuwum

[Nl VR T T T Uy A Iy W Iy Ty Ty Ty W VU~ ¢

[l G VIR T Ty T ¥ Wy VN V Iy Ay Ty Wy VI T W VI - ¢

~Xubwuwbuwuwbuwbborueibuwo

~NXuwuwuwbuburobuwbbuopbuwo

[ 4 VIR ¥ Ny Wiy Iy W My T Uy Iy ¥ Mgy Iy ¥ My ¥y ¥ Wy VY - o)

~NXw bbbt ibuwo

[arti> G W Wy ¥ U Uy ¥ Wy Wy ¥ Wy Gy ¥ Iy Wy Wy Wy Wy ¥ I

i G VS ¥ Wy Iy iy ¥y Iy W ¥ Wy ¥ Wy Wy Wy ¥ Ny ¥ oy T

[l ¥ W ¥ T 1y T U ey Sy Wy WGy Wy ¥ ¥ Ny Gy Vg ¥ B

| i G 1 S O U T Ty T W M Wy ¥ Wy I Wy Wy 'y ¥y Yy T

[ G ¥ S ¥ T Ay ¥ Wy Wy W ¥ Wy W Wy Ty My ¥ W ¥ Sy T I

- G 1 ¥ W W Ny W ¥ Iy Wy ¥ My I Wy ¥ Wy Uy ¥ gy ¥ Wy Vg T

A ¥ WO ¥ Ny I Ey ¥ gy Iy I Ny Vg Wy U gy 1 iy 'y ¥ iy ¥ gy ¥

[ ¥ Ty Iy ¥ Wy ¥y TN Ay I Ny My ¥ Wy ¥ My Wiy Sy T

C = Bus Address (Inverted)

[ 1 R ¥ N ¥ Iy Vi Vg I VG ¥y ¥y 1y gy Vs 0 |

N el wem

[ G R W T Iy Iy Wy Wy ¥y ¥ Wy 1 gy I iy gy 1y W My 4

MNXUbLbbbubuwbuwibwuu®

[ G T ¥ T T T VI T TN 1 Ny VG iy VS T Ey V-

MNXU bbbl u <

[pr— G VSR ¥ T VT VI Gy 1y 1y ¥y VN Wy N -

MXwuwuwuwuwuwuwuwiobuwug

MNXuwoLuwubwuwbubuueuo

~NX Wb bbb o

~XLbLuo bbb uwunuuo

MNMXWhbhubuwuwuusopbuwuwouwwo

[l G VI ¥ S ¥ Ny VG VI U Ny ¥ Wy ¥y VW ¥ Iy W

~Xw b bbby wo

[ G VI 1y I 1 VG Gy T T W Vg VS V Wy [ Wy T Ay o]

[ G 1RO N I FU VI TG T ¥ Wy 1 Mgy ' iy Ay ¥y ¥ . o]

Bus Address (Inverted)

(o]

Q1 W ¥ Ny T 1y Wy ¥ Wy Iy Wy ¥y ¥y Ty ¥y TSy 1

MNXwwwbbwbbupuuwuum

MXW bbb

NMXLLbuwibuuwuuwuwewuwm

| S VN ¥y 1 Ty 'y Ty Iy Wy VW Wy Ty ¥ Iy Ty ¢

| -G 1 iy Ty Wy ¥ Ny § ¥y G Wy Ty T Wy VI TS~

[ - Qi ¥ Ny Iy VI VG ¥ Gy U V Iy Ve VN ¥ Wy VU ¥ Ny VR~ ¢

[ Qi TS U 1V Ty ¥y 1y Ty Ty Ty Iy VY T Uy T -

| SR ¥ Wy I W gy 1y Ny ¥y Iy ¥y ¥ Wy Vi ¥y Vo )

> ¥ ¥ 1 Wy Wy 2y Ty VA ¥ N Wy ¥ N ¥y 1 Wy Wy )}

N~NXLbubbuoupibuwbuunuwom

~NXuwububuwuwobuwubuwuuo

[ ¥ Vi Vi Uy iy ¥ Uy Vi W Ty VU T Uy Ty Ty .}

- < VSN I 1 Wy Wy Wy Ny Wy ¥ My Wy VN ¥ Wy ¥ Wy VW

[as - G 1 Sy WISy I iy Wy U gy Ny Wy Sy 1 gy ¥ Wy ¥ Wy Uy Ty o

[l ¥ Wy Wy U Sy Wy 7 ¥ Wy ¥ Wy Iy W ¥ Wy Wy ¥ Ny VW o J

Table 3-10. User Coded Chip Select PROM Content (Cont’d)

4K of EPROM (Type 2716)

1

Base

A=
Address
Switches

Page 1

Appendix C

OrNMOTLON~NODOOLCNOOWL

2 8K of EPROM (Type 2732)

= Base
Address
Switches

Page2 A

OraOTVOMOOCODO O WL

3 8K of EPROM (Type 2732)

Address

Switches

Page 3 A

OCraNMOITOLONOOLCOOOWW
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REQUEST FOR READER’S COMMENTS

Intel Corporation attempts to provide documents that meet the needs of all Intel product users. This form lets
you participate directly in the documentation process.

Please restrict your comments to the usability, accuracy, readability, organization, and completeness of this
document.

1. Please specify by page any errors you found in this manual.

2. Does the document cover the information you expected or required? Please make suggestions for
improvement.

3. Is this the right type of document for your needs? Is it at the right level? What other types of documents are
needed?

4. Did you have any difficulty understanding descriptions or wording? Where?

5. Please rate this document on a scale of 1 to 10 with 10 being the best rating.

NAME DATE
TITLE

COMPANY NAME/DEPARTMENT

ADDRESS

CITY STATE________ ZIP CODE

Please check here if you require a written reply. O



WE'D LIKE YOUR COMMENTS . ..

This document is one of aseries describing Intel products. Your comments on the back of this form
will help us produce better manuals. Each reply will be carefully reviewed by the responsible
person. All comments and suggestions become the property of Intel Corporation.

Ml re=m
NECESSARY
IF MAILED
IN U.S.A.
]
|
BUSINESS REPLY MAIL
]
FIRST CLASS PERMITNO.1040 SANTA CLARA,CA —
]
POSTAGE WILL BE PAID BY ADDRESSEE
I
Intel Corporation I
Attn: Technical Publications |
3065 Bowers Avenue ]
Santa Clara, CA 95051 ]
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