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DATA ENTRY

Data entry Is accomplished by bringing the chip select
(CS), the command/data line (Ag), and WR low, as shown
in the timing diagram. The entry of each new data word
“pushes down" the previously entered data and places
the new byte on the top of stack (TOS). Data on the bot-
tom of the stack prior to a stack entry are lost.

DATA REMOVAL

Data are removed from the stack in the 8231A by bringing
chip select (CS), command/data (Ag), and RD low as
shown in the timing diagram. The removal of each data
word redefines TOS so that the next successive byte to
be removed becomes TOS. Data removed from the stack
rotates to the bottom of the stack.

COMMAND ENTRY

After the appropriate number of bytes of data have been
entered onto the stack, a command may be issued to
perform an operation on that data. Commands which re-
quire two operands for execution (e.g., add) operate on
the TOS and NOS values. Single operand commands
operate only on the TOS.
Commands are issued to the 8231A by bringing the chip
select (CS) line low, command data (A) line high, and
-WR line low as indicated by the timing diagram. After a
command is issued, the CPU can continue execution of
its program concurrently with the 8231A command
execution.

COMMAND COMPLETION

The 8231A signals the completion of each command exe-
cution by lowering the End Execution line (END).
Simultaneously, the busy bit in the status register is
cleared and the Service Request bit of the command
register is checked. If it is a ‘1" the service request out-
put level (SVREQ) is raised. END is cleared on receipt of
an active low End Acknowledge (EACK) pulse. Similarly,
the service request line is cleared by recognition of an
active low Service Acknowledge (SVACK) pulse.

READY OPERATION

An active high ready (READY) is provided. This line is
high in its quiescent state and is pulled low by the 8231A
under the following conditions:

1. A previously initiated operation is in progress (device
busy) and Command Entry has been attempted. In
this case, the READY line will be pulled low and re-
main low until completion of the current command
execution. It will then go high, permitting entry of the
new command.

2. A previously initiated operation is in progress and
stack access has been attempted. In this case, the
READY line will be pulled low, will remain in that
state until execution is complete, and will then be
raised to permit completion of the stack access.

3. The 8231A is not busy, and data removal has been re-
quested. READY will be pulled low for the length of
time necessary to transfer the byte from the top of
stack to the interface latch, and will then go high,
indicating availability of the data.

4. The 8231A is not busy, and a data entry has been re-
quested. READY will be pulled low for the length of
time required to ascertain if the preceding data byte,
if any, has been written to the stack. If so READY will
immediately go high. If not, READY will remain low
until the interface latch is free and will then go high.

5. When a status read has been requested, READY will
be pulled low for the length of time necessary to
transfer the status to the interface latch, and will
then be raised to permit completion of the status
read. Status may be read whether or not the 8231A is
busy.

When READY goes low, the APU expects the bus con-
trol signals present at the time to remain stable until
READY goes high.

DEVICE STATUS
Device status is provided by means of an internal status
register whose format is shown below:

BUSY SIGN ZERO — ERROR CODE — " CARRY

7 o

BUSY: Indicates that 8231A is currently executing a com-

mand (1=Busy)

SIGN: Indicates that the value on the top of stack is

negative (1 = Negative)

ZERO: Indicates that the value on the top of stack is

zero (1= Value is zero)

ERROR CODE: This field contains an indication of the
validity of the result of the last opera-
tion. The error codes are:

0000 — No error

1000 — Divide by zero

0100 — Square root or log of negative number

1100 — Argument of inverse sine, cosine, or

e* too large
XX10 — Underflow
XX01 — Overflow
CARRY: Previous operation resulted in carry or borrow

from most significant bit. (1= Carry/Borrow,
0= No Carry/No Borrow.)

If the BUSY bit in the status register is a one, the other
status bits are not defined; if zero, indicating not busy,
the operation is complete and the other status bits are
defined as given above.

READ STATUS

The 8231A status register can be read by the CPU at any
time (whether an operation is in progress or not) by
bringing the chip select (CS) low, the command/data line
(Ag) high, and lowering RD. The status register is then
gated onto the data bus and may be input by the CPU.

EXECUTION TIMES

Timing for execution of the 8231A command set is con-
tained below. All times are given in terms of clock
cycles. Where substantial variation of execution times
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is possible, the minimum and maximum values are
quoted; otherwise, typical values are given. Variations
are data dependent.

Total execution times may require allowances for
operand transfer into the APU, command execution, and
result retrieval from the APU. Except for command exe-

cution, these times will be heavily influenced by the
nature of the data, the control interface used, the speed
of memory, the CPU used, the priority allotted to DMA
and Interrupt operations, the size and number of
operands to be transferred, and the use of chained
calculations, etc. '

Table 5. Command Execution Times

Clock Command Clock

Command Clock Command Clock Command

Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles
SADD 17 - FADD 54-368 LN 4298-6956 POPF .12
SsuB 30 FsuB 70-370 EXP 3794-4878 - | . XCHS - 18
SMUL 84-94 FMUL 146-168 PWR 8290-12032 XCHD 26
SMUU 80-98 .
SDIV 84.94 FDIV 154-184 NOP 4 XCHF .26
DADD 21 SORT 800 CHSS 23 PUPI 16
psus 38 SIN 4464 CHSD 27
DMUL 194-210 COos 4118 CHSF 18
DMUU 182-218
DDIV 208 TAN - 5754 PTOS 16
FIXS 92-216 ASIN 7668 PTOD 20
FIXD 100-346 ACOS 7734 PTOF 20
FLTS 98-186 ATAN 6006 POPS 10
FLTD 98-378 LOG 4474-7132 POPD 12

DERIVED FUNCTION DISCUSSION

Computer approximations of transcendental functions
are often based on some form of polynomial equation,
such as:

F(X)=Ag+ A X + A2X2+ A3X3+ A4X‘ cen (1-1)

The primary shortcoming of an approximation in this
form is that it typically exhibits very large errors when
the magnitude of |X| is large, although the errors are
small when |X| is small. With polynomials in this form,
the error distribution is markedly uneven over any
arbitrary interval.

A set of approximating functions exists that not only
minimizes the maximum error but also provides an even
distribution of errors within the selected data represen-
tation interval. These are known as Chebyshev Poly-
nomials and are are based upon cosine functions. These
functions are defined as follows:

Tn(X)=Cos ng; wheren=0,1,2... (1-2)
6=Cos~ X

The various terms of the Chebyshev series can be com-
puted as shown below:

To(X)=Cos (0 - 6)=Cos (0)=1 (1-4)

T4(X)= Cos (Cos~1X)= X (1-5)

TaoX)= Cozs 20=2Co0s26 - 1=2Co0s?(Cos~'X)-1 (1-6)
=2X°-1

In general, the next term in the Chebyshev series can be
recursively derived from the previous term as follows:

TaX)=2X[Tn= 1X)] - Tp—2(X)n>2 (1-7)

Common logarithms are computed by multiplication
of the natural logarithm by the conversion factor
0.43429448 and the error function is thereiore the same
as that for natural logarithm. The power function is
realized by combination of natural log and exponential
functions according to the equation:

XY = gyLnx,

The error for the power function is a combination of that
for the logarithm and exponential functions.

Each of the derived functions is an approximation of the
true function. Thus the result of a derived function will
have an error. The absolute error is the difference be-
tween the function's result and the true result. A more
useful measure of the function's error is relative error
(absolute error/true result). This gives a measurement of
the significant digits of algorithm accuracy. For the
derived functions except LN, LOG, and PWR the relative
error is typically 4x 10-7. For PWR the relative error is
the summation of the EXP and LN errors, 7x 10-7. For
LN and LOG, the absolute error is 2x 10~7.
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8232
FLOATING POINT PROCESSING UNIT

a Compatible with Proposed IEEE For- = Standard 24-Pin Package
mat and Existing Intel Floating Point u 12V and 5V Power Supplies

Standard

‘ . a Compatible with MCS-80™, MCS-85™

m Single (32-Bit) and Double (64-Bit) and MCS-86™ Microprocessor Families
Precision Capability

s Add, Subtract, Multiply and Divide

= Error Interrupt
m Direct Memory Access or Programmed

Functions 1/0 Data Transfers

m Stack Oriented Operand Storage ® End of Execution Signal

m General Purpose 8-Bit Data Bus Inter- a Advanced N-Channel Silicon Gate
face HMOS Technology

The Intel® 8232 is a high performance floating-point processor unit (FPU). It provides single precision (32-bit) and
double precision (64-bit) add, subtract, multiply and divide operations. The 8232's floating point arithmetic is a subset
of the proposed IEEE standard. It can be easily interfaced to enhance the computational capabilities of the host
microprocessor.

The operand, result, status and command information transfers take place over an 8-bit bidirectional data bus. Oper-
ands are pushed onto an internal stack by the host processor and a command is issued to perform an operation on the
data stack. The results of the operation are available to the host processor from the stack.

Information transfers between the 8232 and the host processor can be handled by using programmed I/O or direct
memory access techniques. After completing an operation, the 8232 activates an *‘end of execution” signal that can
be used to interrupt the host processor.

CLOCK CONSTANT ROM TWO PORT DATA STACK
LK > GENERATOR I 128 %17 —I l Bx17 1
o1 2
Q 17.8T BUS {
@ @ ﬁ END

& —q " WORKING REGISTERS ARITHMETIC UNIT : cuK

AD >0 10x17 17 8ITS R RESET
WR ~——»0O

. Ao
RO
WR
c3
READY

BUS
CONTROL

ARITHMETIC INSTRUCTION DECODE
SEQUENCER AND CONTROL

16.81T
MICROINSTRUCTION
REGISTER

READY w——f I

DBO-DB7 8817 BUS Voo
087
[] ose

[=-0BS

IRESARERAASARERASAN)

END ~—r]

EACR —»Of '
SVREQ = INTERFACE ‘
SVACR ——»0| CONTROL

RESET ~——a

PROGRAM CONTROL ROM
COUNTER 768 x 16

ERROR

Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol

Pin No.

Type

Name and Description

Symbol

Pin No.

Type

Name And Description

Vee

POWER SUPPLY: +5V power supply

. |Voo

POWER SUPPLY: +12V power supply

Vss

GROUND

CLK

CLOCK: An external timing source con-
nected to the CLK input provides the
necessary clocking.

RESET

RESET: A HIGH level on this input causes

Reset i any opera-
tion in progress, and clears the status
register to zero. The internal stack pointer!
is initialized and the contents of the stack
may be affected. After a reset the END
output, the ERROR output and the SVREQ
output will be LOW. For proper initializa-
tion, RESET must be HIGH for at least five
CLK periods following stable power
supply voltages and stable clock.

18

CHIP SELECT: input must be LOW to ac-
complish any read or write operation to
the 8232.

To perform a write operation, appropriate
data is presented on DBO through DB7
lines, appropriate logic level on the A in-
put and the CS input is made LOW. When-
ever WRand RD inputs are both HIGH and
CS is LOW, READY goes LOW. However,
actual writing into the 8232 cannot start
until WR is made LOW. After initiating the
write operation by the HIGH to LOW tran-
sition on the WR input, the READY output
will go HIGH, indicating the write opera-
tion has been acknowledged. The WR in-
put can go HIGH after READY goes HIGH.
The data lines, the Ay input and the CS in-
put can change when appropriate hold
time requirements are satisfied. See write
timing diagram for details.

To perform a read operation an appropriate
logic level is established on the Ag input
and CS is made LOW. The READY output
goes LOW because WR and RD inputs are
HIGH. The read operation does not start
until the RD input goes LOW. READY will
go HIGH g that read c is

plete and the required inf 1 is
available on the DBO through DB7 lines.
This information will remain on the data
lines as long as RD is LOW. The RD input
can return HIGH anytime after READY
goes HIGH. The CS input and Ag input can
change anytime after RD returns HIGH.
See read timing diagram for details. If the
CS is tied LOW permanently, READY will
remain LOW until the next 8232 read or
write access.

RD

20

READ: A LOW level on this input is used
to read information from an internal
location and gate that information onto
the data bus. The CS input must be LOW
to the read The Ay
input determines what internal location is
to be read. See AO,F§ input descriptions
and read timing diagram for details. If the
END output was HIGH, performing any
read operation will make the END output
go LOW after the HIGH to LOW transition
of the RD input (assuming CS is LOW). If
the ERROR output was HIGH, performing
a status register read operation will make
the ERROR output LOW. This will happen
after the HIGH to LOW transition of the
RD input (assuming TS is LOW).

WRITE: A LOW level on this input is used
to transfer information from the data bus
into an internal location. The CS must be
LOW to accomplish the write operation.
Ay determines which internal location is
to be written. See Ag, CS input descrip-
tions and write timing diagram for details.

If the END output was HIGH, performing
any write operation will make the END
output go LOW after the LOW to HIGH
transition of the WR input (assuming CS is
LOW).

END ACKNOWLEDGE: When LOW,
makes the END output go LOW. As men-
tioned earlier, HIGH on the END output
signals completion of a command exe-
cution. The END signal is derived from an
internal flip-flop which is clocked at the
completion of a command. This flip-flop is
clocked to the reset state when EACK is
LOW. Consequently, if EACK is tied LOW,
the END output will be a pulse that is
approximately one CLK period wide.

SERVICE ACKNOWLEDGE: A LOW level
on this input clears SVREQ. If the SVACK
input is permanently tied LOW, it will
conflict with the internal setting of the
SVREQ output. Thus, the SVREQ
indication cannot be relied upon if the
SVACK is tied LOW.

21

ADDRESS: The Aj input together with the
RD and WR inputs determines the type of
transfer to be performed on the data bus
as follows:

Ao | RD|WR Function

0| 1| 0 |Enterdata byte into stack
0| 0] 1 |[Read data byte from stack
11 1| 0 |Enter command

1] 0| 1 |Read status

END

24

END OF EXECUTION: A HIGH on this
output indicates that execution of the
current command is complete. This output
will be cleared LOW by activating the
EACK input LOW or performing any read
or write ion or device i

using RESET. If EACK is tied LOW, the
END output will be a pulse (see EACK
description).

Reading the status register while a com-
mand execution is in progress is allowed.
However, any read or write operation
clears the flip-flop that generates the END
output. Thus, such continuous reading
could conflict with internal logic setting of
the END flip-flop at the end of command
execution.

AFN-01263C
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Table 1. Pin Description (Continued)

Symbol |Pin No.| Type Name and Description

Symbol {Pin No.| Type Name and Description

SERVICE REQUEST: A HIGH on this out-
put indi pletion of a

In this sense this output is the same as the
END output. However, the SVREQ output
will go HIGH at the completion of a
command only when the Service Request
Enable bit was set to 1. The SVREQ can be
cleared . (i.e., go LOW) by activating the
SVACK Input LOW or initializing the
device using the RESET. Also, the SVREQ
will be automatically cleared after
completion of any command that has the
service request bit as 0.

SVREQ 5 [o]

ERROR 6 - 0 ERROR: Output goes HIGH to indicate that
the current {
in an error condition. The error conditions
are: attempt to divide by zero, exponent
overflow and exponent underflow. The
ERROR output is cleared LOW on a status
register read operation or upon RESET.

The ERROR output is derived from the
error bits In the status register. These
error bits will be updated internally at an
appropriate time during a command exe-
cution. Thus, ERROR output going HIGH
may not coincide with the completion of a
command. Reading of the status register
can be performed while a command exe-
cution Is In progress. However, it should
be noted that reading the status register
clears the ERRGR output. Thus, reading
the status register while a command
execution Is in progress may result in an
internal conflict with the ERROR output.

READY 17 o] READY: Output is a handshake signal used
while performing read or write transac-
tions with the 8232. If the WR and RAD
inputs are both HIGH, the READY output
goes LOW with the CS input in anticipa-
tion of a transaction. If WR goes LOW to
initiate a write transaction with proper
signals established on the DB0-DB7, Ay
inputs, the READY will return HIGH
indicating that the write operation has
been accomplished. The WR can be made
HIGH after this event. On the other hand, if
aread operation is desired, the RD input is
made LOW after activating CS LOW and
establishing proper Ag input. (The READY
will go LOW in response to CS going
LOW.) The READY will return HIGH,
indicating completion of read. The RD can
return HIGH after this event. It should be
noted that a read or write operation can be
initiated without any regard to whether a
command execution is in progress or not.
Proper device operation is assured by
obeying the READY output indication as
described.

DBO- 8-15 o DATA BUS: Bidirectional lines are used to
DB7 transfer command, status and operand
information between the device and the
host processor. DBO is the least signifi-
cant and DB7 is the most significant bit
position. HIGH on a data bus line corre-
sponds to 1 and LOW corresponds to 0.

When pushing operands on the stack
using the data bus, the least significant
byte must be pushed first and the most
significant byte last. When popping the
stack to read the result of an operation,
the most significant byte will be available
on the data bus first and the least sig-
nificant byte will be the last. Moreover, for
pushing op and popping results,
the number of transactions must be equal
to the proper number of bytes appropriate
for the chosen format. Otherwise, the
internal byte pointer will not be aligned
properly. The single precision format
requires 4 bytes and double precision
format requires 8 bytes.

FUNCTIONAL DESCRIPTION

Major functional units of the 8232 are shown in the
block diagram. The 8232 employs a microprogram con-
trolled stack oriented architecture with 17-bit wide data
paths.

The Arithmetic Unit receives one of its operands from
the Operand Stack. This stack is an eight word by 17-bit
two port memory with last in-first out (LIFO) attributes.
The second operand to the Arithmetic Unit is supplied
by the internal 17-bit bus. In addition to supplying the
. second operand, this bidirectional bus also carries the
results from the output of the Arithmetic Unit when
required. Writing into the Operand Stack takes place

from this internal 17-bit bus when required. Also con-
nected to this bus are the Constant ROM and Working
Registers. The ROM provides the required constants to
perform the mathematical operations while the Working
Registers provide storage for the intermediate values
during command execution.

Communication between the external world and the
8232 takes place on eight bidirectional input/output
lines, DBO through DB7 (Data Bus). These signals are
gated to the internal 8-bit bus through appropriate inter-
face and buffer circuitry. Multiplexing facilities exist for
bidirectional communication between the internal eight

AFN-01263C
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and 17-bit buses. The Status Register and Command
Register are also located on the 8-bit bus.

The 8232 operations are controlled by the microprogram
contained in the Control ROM. The Program Counter
supplies the microprogram addresses and can be par-
tially loaded from the Command Register. Associated
with the Program Counter is the Subroutine Stack where
return addresses are held during subroutine calls in the
microprogram. The Microinstruction Register holds the
current microinstruction being executed. The register
facilitates pipelined microprogram execution. The
Instruction Decode logic generates various internal con-
trol signals needed for the 8232 operation.

The Interface Control logic receives several external in-
puts and provides handshake related outputs to facili-
tate interfacing the 8232 to microprocessors.

COmmandk Format

The operation of the 8232 is controlled from the host
processor by issuing instructions called commands.
The command format is shown below.

SVREQ OP CODE

7 L] 5 4 3 2 1 0

. The command consists of 8 bits; the least significant 7

bits specify the operation to be performed as detailed in
Table 1. The most significant bit is the Service Request
Enable bit. This bit must be a 1 if SVREQ is to go HIGH
at the end of executing a command.

The commands fall into three categories: single pre-
cision arithmetic, double precision arithmetic and data
manipulation. There are four arithmetic operations that
can be performed with single precision (32-bit) or double
precision (64-bit) floating-point numbers: add, subtract,
multiply and divide. These operations require two oper-
ands. The 8232 assumes that these operands are
located in the internal stack as Top of Stack (TOS) and
Next on Stack (NOS). The result will always be returned
to the previous NOS which becomes the new TOS.
Results from an operation are of the same precision and
format as the operands. The results will be rounded to
preserve the accuracy. The actual data formats and
rounding procedures are described in a later section. In
addition to the arithmetic operations, the 8232 imple-
ments eight data manipulating operations. These
include changing the sign of a double or single
precision operand located in TOS, exchanging single
precision operands located at TOS and NOS, as well as
pushing and popping single or double precision
operands. See also the sections on status register and
operand formats.

The execution times of the commands are all data
dependent. Table 3 shows one example of each com-
mand execution time.

Operand Entry

The 8232 commands operate on the operands located at
the TOS and NOS. Results are returned to the stack at
NOS and then popped to TOS. The operands required for
the 8232 are one of two formats — single precision
floating-point (4 bytes) or double precision floating-
point (8 bytes). The result of an operation has the same
format as the operands. In other words, operations
using single precision quantities always result in a
single precision result, while operations involving
double precision quantities will result in double
precision result.

Operands are always entered into the stack least signifi-
cant byte first and most significant byte last. The follow-
ing procedure must be followed to enter operands into
the stack:

1. The lower significant operand byte is established on
the DB0-DB? lines.

2. A LOW is established on the Ag input to specify that
data is to be entered into the stack.

3. The CS input is made LOW. Whenever the WR and RD
inputs are HIGH, the READY output will follow the CS
input. Thus, READY output will become LOW.

4. After appropriate set up time (see timing diagrams),
the WR input is made LOW.

5. Sometime after this event, READY will return HIGH to
indicate that the write operation has been acknowl-
edged.

6. Any time after the READY output goes HIGH, the WR
input can be made HIGH. The DB0-DB7, Ag and CS
inputs can change after appropriate hold time re-
quirements are satisfied (see timing diagrams).

The above procedure must be repeated until all bytes of
the operand are pushed into the stack. It should be
noted that for single precision operands 4 bytes should
be pushed and 8 bytes must be pushed for double pre-
cision. Not pushing all the bytes of a quantity will result
in byte pointer misalignment.

The 8232 stack can accommodate four single precision
quantities or two double precision quantities. Pushing
more quantities than the capacity of the stack will result
in loss of data which is usual with any LIFO stack.

The stack can be visualized as shown below:

Tos—~| A4 | A3 | A2 | A1 1
Nos--| B4 | B3 | B2 | B1

r——

— 32—

TosS»| A8 | A7 | As | A5 | A4 | A3 | A2 | A1 3
NOsS-e~| B8 | B7 | B6 | Bs | B4 | B3 | B2 | B1 | ¢
64
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Table 2. 8232 Command Set

Single Precision Instructions

2
Instruction Description ggg; i':::': g,:::::::; Sl:::::el:gs
B C D
SADD Add A and B 01 R C D U S,Z, U,V
SSuUB Subtract A from B 02 R C D U S,Z, UV
‘SMUL Multiply A by B 03 R C D U S,Z,U,V
SDIV Divide B by A. If A exponent=0, 04 R CD U S, Z U, V,D
then R=B. .
CHSS Change sign of AS 05 R B C D s,z
PTOS Push stack® 06 A* A B C s,z
POPS Pop stack 07 B C D A S, Z
XCHS Exchange 08 B A C D S, Z
Double Precision Instructions
3
Instruction Description Hex' itfa'::( g,z:::::::,sn Status Flags
Code Affected?
A B
DADD Add A and B 29 R U S,Z, U,V
DSuB Subtract A from B 2A R U S,Z UV
DMUL Multiply A by B 2B R U S,z U,V
DDIV Divide B by A. If A=0, 2C R U s,2,U,V,D
then R=B.
CHSD Change sign of A® 2D R B S,z
PTOD Push stack® 2E AT A 8,z
POPD Pop stack 2F B A S,Z
CLR CLR status 00 B
Notos:

-

. In the hex code column, SVREQ bit is a 0.

2. The stack initially Is composed of four 32-bit numbers (A, B, C, D). A is equivalent to Top Of Stack (TOS) and B is Next on Stack (NOS). Upon com-
pletion of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A,B,C, or D). -

w

. The stack initially is composed of two 64-bit numbers (A, B). A is equivalént to Top Of Stack (TOS) and B is Next On Stack (NOS). Upon completion

of a command the stack is composed of: the result (R); undefined (U); or the initial contents (A, B).

[N

. |f the exponent field

of A is zero, R or A* will be zero.

. Any status bit(s) not affected are set to 0. Nomenclature: Sign (S); Zero (Z); Exponent Underflow (U); Exponent Overflow (V); Divide Exception (D).

AFN-01263C
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Table 3.. Execution Times

Command TOS NOS Result - Clock Periods
* SADD 3F800000 3F800000 40000000 ' 58
SSuB 3F800000 3F800000 00000000 .56
SMUL 40400000 3FC00000 40900000 198
SDIvV 3F800000 40000000 3F000000 ‘228
CHSS 3F800000 — BFB800000 - 10
PTOS 3F800000 . - — T 16
POPS 3F800000 — - 14
XCHS 3F800000 : 40000000 — 26
CHSD 3FF00000 00000000 - BFF00000 00000000 24
PTOD 3FF00000 00000000 - — © 40
POPD 3FF00000 00000000 — — 26
CLR 3FF00000 00000000 - - 4
DADD 3FF00000 0A000000 3FF00000 00000000 3FFO0000 0A000000 578
DsuB 3FF00000 A0000000 3FF00000 00000000 . 3FF00000 A0000000 578
DMUL BFF80000 00000000 3FF80000 00000000 €0020000 100000000 1748
DDIV BFF80000 00000000 3FF80000 00000000 BFF00000 00000000 4560

Note: TOS, NOS and result are in hexadecimal; clock period is in decimal.

Command Initiation

After properly positioning the required operands in the
stack, a command may be issued. The procedure for
initiating a command execution is the same as that
described above for operand entry, except that the Ay
input is HIGH.

An attempt to issue a new command while the current
command execution is in progress is allowed. Under
these circumstances, the READY output will not go
HIGH until the current command executlon is com-
pleted.

Removing the Results

Result from an operation will be available at the TOS.
Results can be transferred from the stack to the data
bus by reading the stack. . .

When the stack is read for results, the most Significant
byte is available first and the least significant byte last.

A result is always of the same precision as tie operands
that produced it. Thus, when the result is taken from the
stack, the total number of bytes popped out should be
appropriate with the precision — single precision
results are 4 bytes and double precision results are 8
bytes. The foliowing procedure must be used for read-

~ ing the result from the stack:

1. A LOW is established on the Ag input.

2. The CS input is made LOW. When WR and RD inputs
are both HIGH, the READY output follows the CS
input, thus READY will be LOW.

3. After_apprOpriate set up time (see timing diagrémS),
the RD input is made LOW.

4. Sometime after this, READY will return HIGH, indi-
cating that the data is available on the DB0-DB7
lines. This data will remain on the DB0-DB?7 lines as
long as the RD input remains LOW. .

5. Any time after READY goes HIGH, the RD Input can
" return HIGH to complete the transaction.

6. The CS and A inputs can change after appropriate
hold time requirements are satisfied (see timing dia-
gram).

7. Repeat this procedure unm all bytes appropriate for
the precision of the result are popped out.

Reading of the stack does not alter its data; it only. ad-
justs the byte pointer. Note data must be removed in
even byte multiples to avoid a byte pointer misalign-
ment. If more data is popped than the capacity of the

" stack, the internal byte .pointer will wrap around and

older data will be read again, conswtent wnth the LIFO
stack B

Readlng Status Register

The 8232 status register can be read without any regard

to whether a command is in progress or not. The only

implication that has to be considered is the effect this

might have on the END and ERROR outputs discussed

in the signal descriptions.

The following procedure must be followed to:accom-

plish status register reading: . -

1. Establish HIGH on the Aq input.

2. Establish LOW on the CS input. Whenever WR and
RD inputs are HIGH, READY will follow the CS input.
.Thus, READY will go LOW.

3. After appropriate set up time (see timing diagram),
RD is made LOW.
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4. Sometime after the HIGH to LOW transition of RD,
READY will become HIGH, indicating that status reg-

Ister contents are available on the DB0-DB?7 lines.

These lines will contain this information as long as
RD is LOW.

5. The RD input can be returned HIGH ény time after
READY goes HIGH.

6. The Aginput and CS input can change after satisfying
appropriate hold time requirements (see timing
diagram).

Status Register

The 8232 contalns an 8-bit status register with the
following format:

iGN ZErO DIVIDE | EXPONENT | EXPONENT
BUSY s z RESERVED| EXCEPTION | UNDERFLOW|OVERFLOW| RESERVED|.
] v v
7 e 5 4 3 2 1 o

All the bits are Initialized to zero upon reset. Also,
executing a CLR (Clear Status) command will result in
all zero status register bits. A zero in bit 7 indicates that
the 8232 is not busy and a new command may be
initiated. As soon as a new command Is issued, bit 7
becomes 1 to indicate the device is busy and remains 1
until the command execution is complete, at which time
it will become 0. As soon as a new command is issued,
status register bits 0-6 are cleared to zero. The status
bits will be set as required during the command execu-
tion. Hence, as long as bit 7 is 1, the remainder of the
status register bit indications should not be relied upon
unless the ERROR occurs. The following Is a detailed
status bit description.

Bit 0 Reserved.

Bit 1 Exponent overflow (V). When 1, this bit indicates
that the result exponent is more positive than
+ 127 (+1023). The exponent is “wrapped” into the
negative exponent range, skipping the end values.

Bit 2 Exponent Underflow (U). When 1, this bit indicates
that the result exponent is more negative than
—126 (—1022). The exponent is “wrapped" into the
positive range by the number of underflow bits,
skipping —127 (-1023) and + 128 (+1024).

Bit 3 Divide Exception (D). When 1, this bit indicates
that an attempt to divide by zero is made. Cleared
to zero otherwise.

Bit 4 Reserved. -

Bit 5 Zero (Z). When 1, this bit indicates that the resuit
returned to TOS after a command is zero. Cleared
to zero otherwise.

Bit 6 Sign (S). When 1, this bit indicates that the result
returned to TOS is negative. Cleared to zero other-
wise.

Bit 7 Busy. When 1, this bit indicates the 8232 is in the

process of executing a command. It will become

zero after the command execution is complete.

All other status register bits are valid when the Busy bit
Is zero. .

Data Formats

The 8232 handles floating-point quantities in two differ-
ent formats — single precision and double precision.
These formats are the same as those used by Intel in
other products and those proposed by the IEEE Sub-
committee on floating point arithmetic.

The single precision quantities are 32 bits long, as
shown below: )

* — IMPLIED BIT

Ll L L1

I 0 23 22 . 2.1 0

Bit 31:

S = Sign of the mantissa. One represents negative and 0
represents positive. ' '

Bits 23-30:

E =These 8 bits represent a biased exponent. ‘The bias
is27-1=127.

Bits 0-22:

M = 23-bit mantissa. Together with the sign bit, the man-
tissa represents a signed fraction in sign-magni-
tude notation. There is an implied 1 beyond the
most significant bit (bit 22) of the mantissa. In other
words, the mantissa is assumed to be a 24-bit nor-
malized quantity and the most significant bit, which
will always be a 1 due to normalization, is implied.
The 8232 restores this implied bit internally before
performing arithmetic, normalizes the result and
strips the implied bit before returning the results to
the external data bus. The binary point is between
the implied bit and bit 22 of the mantissa.

The quantity N represented by the above notation is

BIAS
l— r BINARY POINT

——

N=(- 18 26-@ =N (1m)

Provided E#0 (reserved for 0) or all 1's (illegal). The
approximate decimal range for this format s
+1.17 x 10738 to +3.40 x 10%® The format supports 7
significant decimal digits.

AFN-01263C
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A double precision quantity consists of the mantissa
sign bit, an 11-bit biased exponent (E), and a 52-bit man-
tissa (M). The bias for double precision quantities is
219_ 1, The double precision format is illustrated below.

IMPLIED BIT

S E L

63 62 52 &1 2 1 0

Bit 63:

S = Sign of the mantissa. One represents negative and 0
represents positive.

Bits 52-62:

E =These 11 bits represent a biased exponent. The bias
is 219~ 1=1023,

Bits 0-51:

M = 562-bit mantissa. Together with the sign bit the man-
tissa represents a signed fraction in sign-magni-
tude notation. There is an implied 1 beyond the
most significant bit (bit 51) of the mantissa. In other
words, the mantissa is assumed to be a 53-bit nor-
malized quantity and the most significant bit, which
will always be a 1 due to normalization, is implied.
The 8232 restores this implied bit internally before
performing arithmetic, normalizes the result and
strips the implied bit before returning the result to
the external data bus. The binary point is between
the implied bit and bit 51 of the mantissa.

The quantity N represented by the above notation is

r— BIAS
BINARY POINT
e,

N=(-1)8 26-@°= 1 (1.m)

Provided E # 0 (reserved for 0) or all 1s (illegal). The
approximate decimal range is +2.22 x 1073% to +1.80
x 10, The format supports 16 significant decimal
digits.

The following are some examples of single precision
floating point representations:

Binary

Floating

Decimal S E L] Point
0 0 0 0 0000 0000H
1 0 127 0 3F80 0000H
-1 1 127 0 BF80 0000H
255 0 134 8922 437F 0000H
n 0 128 5708 4049 OFDBH

Rounding

One of the main objectives in choosing the 8232's Intel/
|EEE proposed floating point arithmetic was to provide
maximum accuracy with no anomalies. This means that
a mathematically unsophisticated user will not be
‘‘surprised” by some of the results. It is probably
possible for a sophisticated user to obtain reliable
results from almost any floating point arithmetic.
However, in that case there will be an additional burden
on the software. : e

The best example of what might be called the 8232's
“safety factor” is the inclusion of guard bits for
rounding.” The absence of guard bits leads to the
problem demonstrated by the following four-bit multi-
plication: ‘

A111x 20
.1000x 21

.01111000 x 2!
Since the last four bits are lost, the normalized result is:
1110x 20

and the identify function is not valid. In the past this
problem has been avoided (hopefully) by relying on
excess precision. )

Instead the 8232 uses a form of rounding known as
“round to even.” There are other types of rounding
provided for in the proposed IEEE standard, but *round
to even,” an unbiased rounding scheme, is required.
“Round to even” comes into play when a result is
exactly halfway between two floating point numbers. in
this case the arithmetic produces the “even” number,
the one whose last mantissa bit is zero. The 8232 uses
three additional bits— the Guard bit (G), the Rounding
bit (R), and the “Sticky” bit (S)—to do the rounding.
These are bits which hold data shifted out (right) of the
accumulator. Rounding is carried out by the following
rules, as shown in the following figure, after the result is
normalized. )

Bit
G R s Rule
0 0 0 No Round
0 0 1
0 1 0 Round Down
0 1 1
1 0 0 Round to Even
1 0 1
1 1 0 Round Up
1 1 1
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THEORY OF OPERATION

This section will explain how the circuitry on the System Support 1 works.
We will "walk" you through the schematic, and deal with circuits by function.
We will not spend too much time explaining all of the various hardware features
and options available because this information is covered thoroughly in the
section entitled "Configuring the System Support l". Please refer to that
section to find out what these circuits are supposed to do, and how to select
the options. This section will deal only with how they operate and will ‘assume
you already know what they’re supposed to do.

ADDRESS DECODE

There are three separate address decoder circuits on the System Support l.
One is for the I/0 ports, one is for the 4K block of memory address space in a
64K page, and the last determines which 64K page out of the 256 possible.

The I/0 port decoder is comprised of U35 (a 74LS136) and Ul9 (a 74LS138).
Half the inputs to U35 are connected to address lines A4-A7. The other half are
connected to four positions of Switch 3. The outputs of U35 are tied together.
When the address at the inputs matches the setting of the switches all the
outputs will be high indicating that the particular block of 16 addresses has
been addressed. This output is connected to the Gl input of Ul9. The G2B input
of Ul9 is connected to the output of U25 (a 74LS02). The inputs to this section
of U25 are connected to the sINP and sOUT signals on the S-100 bus. The output
of U25 will then be low any time there is an input or output cycle occurringe

Therefore the output of U35 and the output of U25 form the enable signals
for the one-of-eight decoder — Ul9. Ul9’s outputs will only be allowed to be
active when an I/0 cycle is occurring to the selected block of 16 I/0 addresses.
The address inputs to Ul9 are connected to address bits A3-Al.  Therefore each
of the outputs of Ul9 will be active for two I/0 addresses. Most of the chips
on the System Support 1l use two I1/0 ports so the output then becomes the “chip
select’ signal for that IC. For example the YO output of Ul9 becomes ICNTA*
which is the chip select for the master interrupt controller. The timer and
UART require four ports, so two of the outputs of Ul9 are combined with AND
gates to make their chip selects. .

The address for the memory on the System Support 1 is selected by two
address decoders. One selects the 64K page that the memory resides in and the
other selects which 4K block in the 64K page.

The "extended address'" decoder (the one that determines the 64K page) is
implemented with a 25LS2521 octal comparator (U32) and Switch S2. Half the
inputs to U32 are connected to address bits Al6-A23 and the other half are
connected to S2. When the addresses match the switch settings then the output

-0f 'U32 will go low. This output is connected to omne input of U33 (a NAND gate).
The other input to U33 is connected to one position of Switch S1 - XA. When
this switch is closed, the output of U33 will be forced high and the output of
U32 will be effectively ignored. This causes the rest of the decoder logic to
ignore the extended address decode and makes the memory space "global" which
means it appears in every 64K page. If the XA switch is open then the output of
U32 will be allowed to pass through U33 (with inversion). -

The decoder that determines which 4K block in the 64K page is implemented
with U36 (a 74LS136) and four positions of S3. Half the inputs to U36 are
connected to the address bits Al2-Al5 and the other half are connected to the
switches. When the address matches the switch settings the outputs of U36 will
be high signifying that the desired 4K block has been addressed.
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. This output is connected to one input of another section of U33. Another
input to U33 comes from the extended address decoder we discussed previously
(the output of another section of U33). Another input is the PHANTOM* signal
from the .5-100 bus that is either inverted or not inverted by U26 depending on
how S1-7 and S1-8 are set. If both switches are open, then this line will:be
pulled up by a resistor (R17) and PHANTOM* will be ignored. If Sl1-7.is closed
and S1-8 is open, the PHANTOM* signal will by-pass U26 and be connected to the
input of U33. This will cause the memory to be disabled when PHANTOM* goes,low
(the low forces the output of U33 high and causes the other inputs to be
ignored). If S1-8 is closed and S1-7 is open, the PHANTOM* signal will be
inverted by U26 and then connected to the input of U33.. This will cause the
memory to be disabled until PHANTOM* goes low when it will be enabled (if the

-addresses are correct). '‘The last input to U33 is from pin 6 of U25 that goes
- low when an I1/0 cycle is occurringe This keeps the memory from being selected

during I/0 cycles.

The output of U33 is the 31gnal ROM* and goes low to 51gn1fy that an address
to the memory space on the board has occurred.

If . S1-5 (RDI) is closed, the outputs of U36 will be held low and therefote
the memory space will be disabled permanently (because ROM* will never be
allowed to go low)

ROM/RAM CIRCUITRY

The signal ROM* is low when:the two memory address decoders and the,PHANTOM*
signal are active as described above. This signal is applied to one .input of

. two sections of . Ul8. The other inputs to Ul8 are the -inverted and non-inverted

All from the S-100 bus. . The outputs of Ul8 will go low depending on the state
of All which selects one or the other of the two RAM/ROM locations. = The upper
RAM/ROM (U16) has its chip enable tied directly to one output of Ul8. The lower
RAM/ROM (Ul7) has its chip enable first inverted by U45 and then goes through
the transistor ''buffer" created by Rl6, R8 and Q2. This provides isolation from
the output of Ul8 because excessive current would be drawn through Ul8°s output
stage when VCC is lost. Resistor R22 pulls up Ul7’s chip enable to the battery

‘supply.

Power for Ul7 is normally provided through Q3 until power is. lost then the
battery takes.over. Removing D3 from the circuit will prevent the battery from
supplying power if a high current ROM or RAM is used in Ul7. .

The output enable for the RAM/ROM is a function of sMEMR, RD* and PHANT*
If sMEMR and. PHANT* are high and RD* goes low, the output of the selected memory
chip will be enabled. The PHANT* signal is generated by the Interrupt Circuitry
and ensures that the memory does not respond during an interrupt acknowledge
cycle, regardless of the setting of PHE and .PHD.

The write strobe -for the RAM is the MWRITE signal with inversion by 024. 1f

“ROM is used, the VPP pin.will be high during memory reads, which is correct.

INTERRUPT CONTROLLERS .

The System Support 1 uses the 8259A.interrupt controller which is designed
to work with either 8085-0r 8088/86 type CPUs. An internal mode bit which is
set in  the software 1n1t1a11zat10n routine determines which type of processor is
to be used.

However, a problem exists when using the 8259As with 8080 or Z-80 CPUs..
This is because the 8259A issues CALL instructions as the interrupt response.



CALL  instructions are three bytes long; - so three interrupt ackndwledge cycles’

are needed to read the whole instruction out of the 8259A. The 8085 will
‘provide the three necessary interrupt acknowledge cycles; but ‘the 8080 and Z-80
"do-not.  These CPUs only expect to see:a one: byte instruction (usually a
“RESIART). What they do in response to the CALL is to fetch the CALL opcode:as
if it were an INTA cycle, but then try to get the next two bytes as if it were.a
.memory read. Natdrally we had tovprovide some circuitry to get around this
"problem.

The output of flip-flop- U44b will only go high when pSTVAL* goes low during
pbYNC, which signifies that the status lines on the S-100 bus are valid. This
signal is applied to one input each of two sections of U46. -When sINTA goes
high and this "status valid" signal goes high, pin 8 of U46 will go low which
will cause the inverting output of U44a to go low. This signal is ACK¥*. ACK* is

" connected to.one input’ of OR gate Ul8. "The other input to Ul8 is the pHLDA
signal from the S-100 Bus. This allows DMA requests from the bus to temporarily
suspend interrupt acknowledge cycles. This can happen because the interrupt
acknowledge response from the 8259A is 'a CALL instruction and DMA requests are
honored after M1 cycles, which in this case would be after the first byte of the

CALL opcode. The output of Ul8 becomes the PHANT* signal which is used to

disable the System Support 1°s memory during interrupt acknowledge cycles
(regardless of the setting of the PHD and PHE switches. This signal also
represents the fact that an interrupt acknowledge cycle is occurring and is
applied to one input to U20 that generates the master board select’signal that
is used to enable the board’s output buffers. This signal is also applied to
‘one ‘input of U2l that is used to -force two wait states during interrupt
acknowledge cycles to insure that a proper response is always sent in even the
fastest of systems. This PHANT* signal is inverted by a section of U24 and
becomes the PHNTM signal which is in turn applied to U28 which inverts again and
drives the PHANTOM* line on the S-100 bus. This signal also goes to one input
of NAND gate U27. The other input ‘to the NAND gate is the pDBIN signal from the
‘bus. The output of the NAND gate becomes the INTA* signal which goes to the
interrupt controllers which is used by them to gate the response onto the data
‘bus .’ : .
Flip flop U44a will remain set until one of two events occur, depending on
how jumper J13 is set. One input to U25 is the pHLDA signal from the S$-100 bus
“which is used to disqualify the other input during DMA cycles. This prevents
‘U4ba from being cleared by any cycles that a DMA device may run on .the bus
(since the interrupt acknowledge cycle may be. interrupted in mid-stream). = The
‘other input to U25 is selected by J13. In the :8085/8088/8086 mode (8 connected
toC), this input is the sINTA signal from the S~100 bus which means that U4é4a
“will be cleared on any cycle that is not an interrupt acknowledge cycle and not

“a'DMA cycle when status is valid. In the Z-80/8080 mode (Z connected to C),

this input is the sWO* signal from the S-100 bus. This will 'clear U44a on the

first write cycle following the interrupt acknowledge cycle that is not.a DMA

cycle. In a Z-80 or 8080 system this will be the stack push.that normally
follows the CALL instruction (which is the interrupt response).

The 8259As are enabled for reading and writing to their registers by the
ICNTA* and ICNTB* signals from Ul9. The RD* and WR* signals enable reading and
writing respectively.

Pin 16 (the master/slave programming pin).of Ul5 is tied high- through R21

‘and that programs Ul5 to be the master. Pin 16:0of Ul4 is tied low making it the

slave. The three cascade bus pins (12, 13.and 15) are' connected together, The

8259As communicate over this bus to maintain the master/slave relationship and
.priorxties. o : i C s . ) ‘
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INTERVAL TIMERS

The interval timers on the System Support 1 are implemented with the 8253
programmable interval timer IC. The TIMER* signal from U21 is used to enable
the 8253 for reading and writing with the RD* and WR* signals.

The CLOCK and GATE inputs and the timer outputs are all present at J4 so
that they may be interconnected to perform a variety of functions. The timer
outputs are buffered and inverted by UlO so that any polarity is available. The
timer outputs also appear at the interrupt controller option jumpers J7 and J8
for causing interrupts.

The GATE inputs are pulled up with resistors so that timers do not randomly
become disabled and nothing need be done with these inputs in most cases. See
the chart in the reprint from the 8253 data sheet to determine the effect of the
GATE input on the various timer modes.

The CLOCK inputs are normally tied to the 2 Mhz clock 51gnal on pin 49 of
the S-100 bus (after being buffered by Ull), but they may be "cut and jumpered"
at J4 to allow cascading of timer sections or use of external clocks. Make sure
any external signal brought in at J4 is a TTL level only!

SERIAL CHANNEL

The UART used on the System Support 1 is the 2651 type that has an internal
baud rate generator and latches for the RS-232 handshake lines.

The master clock is provided from the crystal oscillator comprised of two
inverters from U45 and crystal X2. The frequency is 5.068 Mhz.

The R/W and CE inputs to the UART do not have the same meaning as one has
come to expect from these type of LSI parts (such as all the others on the
board). 1Instead, the R/W signal is a status signal telling the UART which
direction the data bus should be in, and the CE input is the combination chip
enable and data strobe. The R/W line is tied to SOUT from the S-100 bus since
SOUT will be high for I/0 writes and low for I/0 reads. The RD*, WR* and UART
signals are combined with two sections of U46 to form the CE signal.

The RS-232 inputs and output are level shifted with 1489 and 1488 RS-232
receiver and driver ICs. They may be configured for either master or slave mode
by either a dip-shunt or dip-header at J2.

The TxRDY and RxRDY signals are inverted by two sections of U3l and go to
the interrupt circuitry for running the UART in an interrupt driven mode.

MATH CHIP

The System Support 1 can accept either the 9511A or 9512 type math proces-
sors from AMD or Intel. (Intel’s numbers are 8231 and 8232 respectively).

The chip is enabled by the 9511%* signal from Ul9 and is read or written with
the RD* and WR* signals.

The standard 9511A or 9512 runs from a 2 Mhz clock which is provided from
the S-100 bus CLOCK signal on pin 49. But AMD makes 3 Mhz parts and Intel makes
4 Mhz parts, so provision has been made for an on-board oscillator to allow
higher clock frequencies than 2 Mhz. This is formed by two sections of Ull and
crystal Xl. Xl is not supplied with the board. The output of the oscillator is
divided by two by flip=flop U8. Thus the crystal used must be twice the desired
frequency. This was done because 6 Mhz crystals are easier to find than 3 Mhz
crystals (and they’re smaller!). J5 is used to determine which clock source
drives the math chip.



The PAUSE output is used to cause the CPU to wait if the math chip needs
more time to get data ready, cannot accept a command just now and other reasons.
This is inverted by Ull and re-inverted by U28 and connected to the RDY line on
the S-100 bus.

The END and SVRQ outputs are brought into the interrupt structurp so that
the math chip can be run in an interrupt driven mode. The ERROR signal is only
available on the 9512 (8232) and the END polarity is different between the two
‘types of math chips. J6 is used to correct for the polarity difference.

REAL-TIME CLOCK/CALENDAR

The real time clock is implemented with the OKI MSM5832 clock chip. This is
a CMOS chip and is therefore much slower (in terms of access time) than the NMOS
components. Therefore it requires special interface circuitry.

The command and data lines are latched by U40 and U42 to keep them, stable
longer than the CPU would normally assert such signals. The CLK#* and WR*
signals are combined by a section of U25 to form a write strobe for the latches.
The appropriate latch is selected by AO and U26 and U27.

Whenever the command latch is written into, a 6 microsecond wait state is
generated by U43a and U28. Whenever the HOLD bit is set high, a 150 microsecond
wait state is generated by U43b and U28. This causes the CPU to slow down
automatically for the clock chip rather than have to bother with wait loops in
software.

The clock data is read by the occurrence of CLK* and RD* at the inputs of
U25. This causes the outputs of U42 to be tri-stated and the outputs of U39 to
be enabled. This assumes the READ bit is set high.

The master clock for the clock chip is provided by crystal X3 (a 32.768 Khz
watch crystal), C12 and Cll. Cl2 may be adjusted to vary the frequency of the
oscillator which will determine the accuracy of the clock.

The clock’s chip select (CS) input is held high by Q3 until the +8 volt
supply drops down to about 7 volts which will drive the CS input low. This
inhibits glitches at the command inputs from affecting the time. At the same
time Q5 will no longer provide power to the clock, but will allow the battery to
power the clock through D4.

POWER-FAIL DRIVER

The same circuit that pulls CS low on the clock (described above) is also
used to implement the PWRFAIL* line on the S-100 bus (pin 13). When the +8 volt
supply drops to about 7 volts then Q4 will turn off and R28 will pull the input
of U3l high. This will be inverted by U3l and becomes the PWRFAIL* signal.

PWRFAIL* will go low about 15 milliseconds before the regulators in the
system drop out of regulation. The exact time will depend on your system s
power supply and the loading on ite.

The PWRFAIL* signal may be jumpered to the NMI* line (bus pin 12) with
jumper J10.

WAIT STATE GENERATOR

The System Support 1l has the ability to insert O, 1, 2, 4, or 8 wait states
into every access to the board. The number of wait states inserted is dependent
on the setting of Switch S1, positions l-4. But there are also some instances
when wait states are automatically inserted regardless of how Sl is set.

Two wait states are automatically inserted every time an access to the math
chip occurs. This is because the PAUSE output of the 9511 (8231) comes. out too
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late to cause a wait state. Therefore we cause two wait states to be inserted
just in case, and if the 9511 needs more, its PAUSE line will remain asserted,
extending the wait state further.

Two wait states are automatically inserted on every interrupt acknowledge
cycle for added margin in responding to interrupts.

In addition, the clock circuitry can also cause wait states, but that
circuitry has been covered in the section on the clock.

Here’s how the wait state generator works: All of the ‘various 'chip select
signals, ROM* and the "interrupt acknowledge'" signal (labeled PHANT¥*) are
combined by U20, an eight input NAND gate. The output of U20 will be high any
time an access to the board is made, and is connected to one input of a section
of U27. The other input is connected to pSYNC from the S-100 bus. The output
of U27 will go low when there is a board select and a pSYNC, and is tied to the
SHIFT/LOAD input of U22. This causes the data present at its parallel data
inputs to be loaded into the register.

If no switches are closed and it’s not an access to the 9511 or an INTA,
then the data will be all ones. The QH output will immediately be set to

- whatever is present at the H input (inverted). In this case, a one is present

so a zero will appear at the QH output which will be inverted by U28 leaving the
RDY line high. No wait state will be generated.
If switch 4 (W1) is closed, the data present at H would be a zero (through

U21) and therefore a high would be present at the QH output when SHIFT/LOAD goes

low. This will cause the RDY line to be low and a wait state will be started.
When pSYNC returns low the SHIFT/LOAD input will be high so the clock can now
shift the data through the register. Since the G input was high, a low will
appear at the QH output after the falling edge of the next clock ending the
wait state.

You can see that the more zeroes that are loaded into the register, the more
wait states will be generated. The 9511% and.PHANT#* signals are combined by a
section of U2l. Two further sections AND this signal with the Sl-4 and S1-3 (W1
and W2) which makes these two switches appear to be closed if an access to the
9511 or an INTA occurs. This causes the automatic wait state generation
described above.

DATA BUS

The System Support 1 uses a bi-directional data bus on the board because
most of the peripheral chips also use a bi-directional data bus. This is
implemented with U37 and U38, two tri-state buffers.

The RD* signal is generated when any access to the board is made and pDBIN
is high. RD#* is applied to the tri-state control of U38 which drives the S-100
Data Input Bus and the inverted RD* signal is applied to the tri-state control
of U37 which controls the flow of data from the S-100 Data Output Bus into the
board.

So when RD* is low, U37 will be disabled and U38 will be enabled causing the
internal data bus to be driven onto the S-100 data lines. When RD* is high U38

‘will be disabled so the board will not drive the S-100 data bus and U37 will be
-enabled causing the data from the S-100 data bus to present on the internal data
bus.’

Data is always driven into the board unless a board read occurs which causes

_the data to be driven out from the board. Data will not be inadvertently

written into the stuff on the board because all write strobes a qualified by the
chip selects (either by the chip itself or on-board logic).

That completes the Theory of Operation Section.



PARTS LIST

INTEGRATED CIRCUITS (Note: the following parts may
have letter suffixes and prefixes along with the key
numbers given below.)

(4) 74LS00 quad 2 input NAND (U6,26,27,46)
(1) 74Ls02 quad 2 input NOR (U25)
(4) 74LS04 hex inverter (U10,11,24,45)
(3)  74LS06 hex inverter 0.C. (U28,30,31)
(1) 74LS08 quad 2 input AND (U21)
(1) 74Ls520 dual 4 input NAND (U33)
(1) 74Ls30 eight input NAND ) (U20)
(1) 74LS32 quad 2 input OR (U18)
(2) 74LS74 dual D flip-flop o (U8, U44)
(1) 74LS138 one-of-eight decoder (U19)
(1) 74LS165 . 8 bit shift register (U22)
(1) 74LS173 quad latch tri-state (U42)
(1) 74Ls8221 "dual one-shot . (U43)
(l) 74LS5244 octal bus buffer : (U38)
(2) 74L5266  quad XNOR 0.C. (U35,36)
(1) 74LS273  octal latch ‘ ' (U40)
(1) 74L8367 hex bus buffer (U23)
(3) 81LS95/97 octal non-inverting buffer (U34,37,39)
(1) 81LS96/98 octal inverting buffer (U29)
(1) 25LS2521 octal comparator (U32)
(1) 1488 RS-232 driver (U4)
(1) 1489 RS-232 receiver (w3)
(1) MSM5832 OKI Clock Chip (U41)
(1) 8253 Programmable Interval Timer Ul12)
(2) 8259A Interrupt Controller (Ul4,15)
(1) 2651/61 Programmable UART (Us)
(2) 7805 +5 volt regulator L, 7)
(1) 7812 +12 volt regulator (U9)
(1) 7912 -12 volt regulator o (U2)

OTHER ELECTRICAL COMPONENTS

(1) Zener Diode IN751A . : (o)
(2) Signal Diode 1N941 or sim. - (D2,4)
(3) ..Transistor NPN 2N3904 o (Q2-4)
(2) Transistor PNP 2N3906 : (Ql,5)
(1) Crystal 5.0688 Mhz (X2)
(1) Crystal 32.768 Khz o : - (X3)
(4) 39 mfd tantalum capacitor f (c1,2,5,6) .
(4) 6.8 mfd tantalum capaéitdr» o (C3,4,7,8)
(1) 4.7 mfd tantalum capacitor ' (Cl5)
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(2) .01 mfd disc capacitor (C9,10)

(1) .0l mfd mylar capacitor (cra)
(1) .00l mfd mylar capacitor (Cl13)
(1) 22 pfd disc capacitor (Cll)
(1) 9-35 pfd trimmer capacitor (Cl2)
(26) bypass, disc capacitor

(1) 180 ohm resistor (R3)
(1) 560 ohm resistor (R1)
(5) 1K ohm resistor (R2,18,19,23,24)
(5) 1.5K ohm resistor (R22, 27-30,33)
(3) 2.2K ohm resistor (R8,16,38)
(8) 4.7K ohm resistor (R10-13,15,20,21,26)
(1) 6.8K ohm resistor (R9)
(1) 8.2K ohm resistor (R14)
(5) 10K ohm resistor (R4-7,36)
(1) 20K ohm resistor (R37)

(5) 4.7 or 5.1K ohm SIP resisitor (R17,31,32,34,35)

MECHANICAL COMPONENTS

(1) circuit board
(46) low profile sockets

(3) 8 position DIP switches (s1-3)
(1) 26 pin transition connector (J1)
(1) 2 pin Molex connector (J33)

(2) 8 position DIP shunts

(2) 8 position DIP headers

(2) heat sinks

(4) sets 6-32 hardware

(2) card ejectors

(1) battery holder

(1) battery Mallory PX-21 or Eveready 523
(1). User’s manual

(1) Assembly manual (if unkit)

The following components are not supplied by CompuPro
unless ordered separately. UL3,U16,U17,X1,D3, and R25.



16

COMPONENT LAYOUT




7415266

Ry

u32
s2
25152521

R32 R17

6 .
6 ot & 1] U
s1 2
10
9
12

7415266

Ay

s puis-2
13
pi SYSTEM SUPPORT 1
; * !
e :::11; 121" | COMPUPRO division GODBOUT ELECTRONICS
Al 3 vbl3 u21 >TIMER® 162G
22 iplt > 1ovre* Page 1 of 3
. AL 1 vopls > 1CNTA*
. © | rasiss o
. o3 I Jz ubal
: . a2A
> P I A u20 o B |

Shift/Load v22

ik 74L5165 3,

Clk_Inhibit
1L 1,2,4 & 8 wait States

=
8
2
o)
2
=
5
=
=
S
2
o
oo
2

U9 gut
7812

' Gnd.
2

©1981

92



L)

+8
D2 4 6KBYRI
0 Q3
BATTERY >—JpF T > RoMBVCE
1k5Q R22 c15
z =
- > ROMICE *

Optional Sip

R25

3 4 5 6] 7
(3 °
DIP HEADER

o o

—<TIMER 2 =+
—CTIMER 1 .
IR@2 -y D4

—G IMER
) I 38
1RQ3 p3fR

Upper
07
06
U6 g
papd_ DRAS
= 03
2716 2|
or 6116 DIE? gg%
09
ROMAVCC
o pp_OE CE
207 M
>
Em*
@\uz'
>t
UL
P> i
' @Vlé‘
T
2
J7
16] 1
U30
T
162G Y
u13 Page 2 of 3
©1981
9511A/9512
svrol2
Q
9511% 81CS ERROR!

L5794
q

u28

L_So
L S0 ok—2 1hes
‘—————5030 01‘1—‘12“ 2 mgs SLAVE

TINT 1RQ6
RINT ' IRQ?
i
Dip Header 18259A
O N N

TIMER 2
TIMER 1
TIMER 9

0
RI12 R15 R13

u42-7

14,
R C

Uasa

‘£u A #aLs221
Cir

3
CLEAR*

R36 C13 001 Mylar

R37 C14 -OlMylar . Ja

U43b

74Ls221
Clr

10K

. Gate 2!
Gate 1
Gate @

RDY

93



94

+5V

162G gf,l 92 "
' 4
Page 3 of 3 )W_ﬁ.us; ™D Ha (3 1 6 3
8
086 Rxnl——o@m ;)
o5
us 4 5
ga T d
3 :NW: 4 4
5 2 »
2 3 6
{ OUA}-;RS ol 6
4 ot 0 p
+1iv ” w2
1
10K 10K
-DRINY HEADER 7
D825
= Header
> TINT
11 2 m;_@
w N [ 205 )
u3z
3 . 4 005 551
. e 20
81L595/97 20053
L R — A |
u 14 0% 7]
N 13
17 19 n
q 180 Spy
TVAL 15 Uasp ohms
T F4LS74 R28
c 1Ks K| +i2
>—Lo Q4 . R14 atn
8k2 5600hms
R38 INF51A
PHRFAIL # <T3 S Q.
J10 - = = BATTERY
NHI* <Z}—o R 10K 5 )
U43b-10
l 3 T
e 3 Q BoLn
Soes el A Je 2 J3
o 1Te BATTERY
HeBd 12 Hrenp = CONNECTOR
SWi 13| 7aLsers A3 (4.5V)
Sz sl a2 .
ve1
14 AL ;f: 9-35pf 1 w’ 2
1N Y - s
D Q oK1 (]
e a1l = aopf 1 S10
< MsMs832  yrfi
= T
v2r-6 L (cLenr® 32.768
| 4 WATCH CRYSTAL
N 735 9 g
0 o
Sei__llbs 3 12), L
‘ ? UNUSED GATES
212, @ ulo
2 A
DREL__Liy Q D1
ym__uw o oo
7415173 b N
13 JJ____DBL; S
= nz DB
U3
. )
2 >
= o De3y
81L595/97
. l______£R>
(1  FASS— ) §Y
1 {>_Lu_______ou_>

Dt

©1981



S6

About System Support 1l « « « o ¢ ¢« o o o &«

Address Decoder, Theory
Address Selection
I/0 ¢ ¢ o o o o o o @
Memory « o« o« o o o o &

e o o o o o s o o

Extended, Memory o « « ¢« ¢ o ¢ ¢ o o &

Battery,
Connecting o« o« o o« o &
Holder, Mounting . . .
Replacement =+ « « « &
Clock (see Real Time Clock)
Configuration (Hardware)

e o o o o o o

e o o o o o o

Quick Reference « o« o o o o o o « &

Full Reference + « « &
I/0 Port Map « « o o o« o« &
Interrupt,

Controller, Disabling

e o o o o o o

Controller, General =« ¢ o« o ¢ o o &

Jumpers and Options

Programming .« . « « &«

Theory of Operation

Using with DDT . . . .

Using with Math Chip
Interval Timers,

General « « ¢ o« o o &

® o o o o o o o

e o o o o o o

e o o o o o o

e e. 0o o o o o o

Jumpers and Options « « ¢ ¢ o o o &

Programming .+ « « « &

Theory of Operation =« « o ¢ o o o &

Logic Diagram « « o o o o«
Math Processor,
General =« o« o o o o &
Programming .« « « ¢ &«
Theory of Operation

Using Higher Speed « ¢« ¢« ¢« ¢ ¢ ¢ o &

Using with Interrupts

e o o o o o o

INDEX OF CONTENTS

. 57

13,36

35
84
35
15

15,59
15
58

91

69,75
66
86
13
15

Memory,
Address Selection o ¢ ¢« o ¢ o o o o &
Battery Backup « o o o o o o o o o o o
Global/Extended Address « « « « o« o
PHANTOM* ResSponse o« o« o o o o o o o «
Theory of Operation =« « « ¢« o ¢« o« o .
Parts LiSt o ¢ o o o o o o o ¢ o o o o o «
Parts Placement Diagram =« « « ¢« o ¢ o o &
PHANTOM* Response Options .« « « ¢ o o o &
Programming Considerations (also see under
individual functions) =« ¢ o o o ¢ o o
DDT, use 0f =« ¢ ¢ o ¢ o ¢ ¢ o o o o &
Power—up Initialization .+ « « ¢« « o &
PSTVAL*, use 0f ¢ o ¢« o o ¢ o o o o o » &
PWRFAIL*
Jumpering to NMI* . o ¢ ¢ ¢ o o ¢ o &
Theory of Operation =« « « ¢ o o o o &«
Real-Time-Clock
Programming « « o o« o o o o o ¢ o o &
Theory of Operation «+ « ¢« o o« o o o &
RESET#* vs SLAVE CLR* « « « o « o o o o o &
RS-232 Channel (see Serial Channel)
Serial Channel
General « o« o o ¢ o o o o o o o o o o
Jumpers and Options « ¢ ¢ o o ¢ o o &
Programming o« « « ¢ ¢ o o o o o o o o
Theory of Operation .« « o« o o o o o &«
SLAVE CLR* vse RESET* ¢ 4 ¢ ¢ ¢ ¢ o o o &
Technical Overview « « ¢ o o o o o ¢ o o @
Theory of Operation (also see under
individual sections) « « o ¢« ¢ o ¢ o &
Vectored Interrupts (see Interrupts)
Wait States,
Selection ¢ o o ¢ ¢ o o o o o o o o
Theory of Operation .« « ¢ o ¢ o o o o

26
87
17

16
16
86
17
83

12
87



CUSTOMER SERVICE INFORMATION

Our paramount concern is that you be satisfied with any Godbout
CompuPro product. If this product fails to operate properly, it may be
returried to us for service; see warranty information below.

If you need further information feel free to write us at:

P.O. Box 2355, Oakland Airport, CA 94614.

When writing, please be as specific as possible concerning the nature
of your query. We maintain a 24 hour a day phone for taking orders,
(415) 562-0636. If you have any problems or questions which cannot
be handled by mail, this number can be used to connect you with our
technical people ONLY during normal business hours (10am-5pm
Pacific Time). We cannot return calls or accept collect calls.

LIMITED WARRANTY INFORMATION

Godbout Electronics will repair or replace, at our option, any parts
found to be defective in either materials or workmanship for a period of 1
year from date of invoice. Defective parts MUST be returned for
replacement.

If a defective part causes a Godbout Electronics product to operate
improperly during the 1 year warranty period, we will service it free
(original owner only) if delivered and shipped at owner’s expense to and
from Godbout Electronics. If improper operation is due to an error or
errors on the part of the purchaser, there may be a repair

I charge. Purchaser will be notified if this charge exceeds $50.00.

/ We are not responsible for damage caused by the use of solder in-

! tended for purposes other than electronic equipment construction,
failure to follow printed instructions, misuse or abuse, unauthorized
modifications, use of our products in applications other than those in-
tended by Godbout Electronics, theft, fire, or accidents.

Return to purchaser of a fully functioning unit meeting all advertised
specifications in effect as of date of purchase is considered to be com-
plete fulfillment of all warranty obligations assumed by Godbout
Electronics. This warranty covers only products marketed by Godbout
Electronics and does not cover other equipment used in conjunction
with said products. We are not responsible for mmdental or conse-
quential damages.

Prices and specifications are subject to change without notice, owing
to the volatile nature and pricing structure of the electronics industry.

"System Support 1" is a trademark of W.J. Godbout.

""8086 FAMILY USER’S MANUAL" October 1979, pages Al37 through
Al157, Copyright 1979, Intel Corporation. "PERIPHERAL DESIGN
HANDBOOK" August 1980, pages 1-61 through 1-68, Copyright
1980, Intel Corporation. "COMPONENT DATA CATALOG" January
1981, pages 8-21 through 8-26, and pages 8-31 through 8-38,
Copyright 1981, Intel Corporation. Reprinted by permission
of. Intel Corporation.

Contents of this booklet Copyright 1981 by Godbout Electronics. All

rights reserved. We encourage quotation for the purposes of product
review if source is credited. Printed in U.S.A.

COMPUPRO division GODBOUT ELECTRONICS BOX 2355, OAKLAND AIRPORT, CA 94614



