intel® PRELIMINARY

8231A
ARITHMETIC PROCESSING UNIT

m Fixed Point Single and Double a Compatible with MCS-80™ and
Precision (16/32 Bit) MCS-85™ Microprocessor Families
a Floating Point Single Precision = Direct Memory Access or
(32 Bit)

Programmed /O Data Transfers
s End of Execution Signal
= General Purpose 8-Bit Data Bus

a Binary Data Formats
a Add, Subtract, Multiply and Divide
a Trigonometric and Inverse

. b . Interface
Trigonometric Functions .
s Square Roots, Logarithms, a Standard 24 Pin Package
Exponentiation ‘ s +12 Volit and + 5 Volt Power
s Float to Fixed and Fixed to Float Supplies
Conversions : s Advanced N-Channel Silicon Gate
m Stack Oriented Operand Storage HMOS Technology

The Intel® 8231A Arithmetic Processing Unit (APU) is a monolithic HMOS LSI device that provides high performance fixed
and floating point arithmetic and floating point trigonometric operations. It may be used to enhance the mathematical

capability of a wide variety of processor-oriented systems. Chebyshev polynomials are used in the implementation of the
APU algorithms.

All transfers, including operand, result, status and command information, take place over an 8-bit bidirectional data bus.
Operands are pushed onto an internal stack and commands are issued to perform operations on the data in the stack.
Resuits are then available to be retrieved from the stack.

Transfers to and from the APU may be handled by the associated processor using conventional programmed /O, or may be
handled by a direct memory access controller for improved performance. Upon completion of each command, the APU
issues an end of execution signal that may be used as an interrupt by the CPU to help coordinate program execution.

In January 1981 Intel will be converting from 8231 to 8231A. The 8231A provides enhancements over the 8231 to allow use
in both asynchronous and synchronous systems.
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Table 1. -Pin Description

Pin . ’ . Pin .
Symbol | No.{ Type Name and Function Symbol | No. | Type Name and Function
Vee 2 Power: +5 VoIt power supply. SVREQ | 5| O |Service Request: This active high out-
Voo 16 Power: +12 Volt power supply. * put signal-indi’cates that command
execution is complete and that post
Vss 1 | Ground. . - execution service was requested in the
CLK 23| | |Clock: An external, TTL compatible, previous command byte. It is cleared by
timing source is applied to the CLK pin. SVACK, the next command output to the
RESET | 22 | | Reset: The active high reset signal pro-. device, or by RESET.
vides initialization for the chip. RESET READY | 17 | O |Ready: This active high output indi-
also terminates any operation in_pro- cates that the 8231A is able to accept
gress. RESET clears the status register communication with the data bus. When
and places the 8231A into the idle state. an attempt is made to read data, write
Stack contents and command registers data or to enter a new command while
are not affected (5 clock cycles). -| the: 8231A is executing a command,
= P - — READY goes low until execution of the
CcS 18 | thp Sele.ct: CS is an active low input current command is complete ‘(See
signal which sglec.ts thg 8231A and en- READY Operation, p. 5).
ables communication with the data bus.
- - - — DBO- 8- | /0 | Data Bus: These eight bidirectional
Ao 21| | |Address: In conjunction with the RD" DB7 15 lines provide for transfer of commands,
and WR signals, the Ao control line es- ' status and data between the 8231A and"
tablishes the type of communication the CPU. The: 8231A can drive the data
thatis to be performed with the 8231Aas bus only when CS and RD are low.
shown below:
Ao RD WR Function
0 1 0 Enter data byte into stack: COMMAND STRUCTURE
[ 0 1 Read data byte from stack : .
1 1 0 Enter command Each command entered into the 8231A consists of asingle
1 0 1 Read status 8-bit byte having the format illustrated below:
RD 20 | | |Read: This active low input indicates SVREQ OPERATION
that data or status is to be read from the ® Vemnae rxeo cope )
8231A if CS is low. l | I I
WR 19| | |Write: This active low input indicates 4 s s 4 8 2 ! °
that data or a command is to be written
into the 8231A if CS is low. Bits 0-4 select the operation to be performed as shown
EACK 3 | | End of Execution: This active low input in the table. Bits 5-6 §elect the d.ata format appropriate
clears the end. of execution output sig- to the selected operation. If bit 5 is a 1, a fixed point data
nal (END). If EACK is tied low, the END format is specified. If bit 5 is a 0, floating point format is
output will be a pulse that is one clock specified. Bit 6 selects the precision of the data to be
period wide. operated upon by fixed point commands only (if bit
SVACK | 4| | |Service Request: This active low input 5=0, bit 6 must be 0). If bit 6 is a 1, single-precision
clears the service request output | (16-bit) operands are assumed. If bit 6 is a 0, double-
(SVREQ). precision (32-bit) operands are indicated. Results are
END 24| O |End: Thisactive low, open-drain output undefined for all iltegal combinations of bits in the com-
indicates that execution of the pre- mand byte. Bit 7 indicates whether a service request is
viously entered command is complete. It to be issued after the command is executed. If bit 7 is a
can be used as an interrupt request and 1, the service request output (SVREQ) will go high at the
is cleared by EACK, RESET or any read conclusion of the command and will remain high until
or write access to the 8231. reset by a low level on the service acknowledge pin
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(SVACK) or until completion of execution of the suc-
ceeding command where service request (bit 7) is 0.
Each.command issued to the 8231A requests post execu-
tion service based upon the state of bit 7 in the command
byte. When bit 7 is a 0, SVREQ remains low.
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Table 2 32-B|t Floating Point Instructions

: (2)

Instruction Descrlpthn o ; l‘é::l) ) sltig;;é::ém:gn Sta::'s.:::gs(‘)
ACOS Inverse Cosine of A 06 R U U U S,ZE
ASIN Inverse Sine of A 05 R U U U S$,ZE
ATAN Inverse Tangent of A 07 R B U U S,2
CHSF Sign Change of A 15 R B C D S$,Z
Ccos Cosine of A (radians) 03 R B U U 4
EXP eA Function 0 A R B U U S, ZE
FADD - "Add A and B 10 R C DU S, E
FDIV Divide Bby A 13 R C DU S, 2 E
FLTD 32-Bit Integer to Floating Point Conversion 1 C R-.B C VU §,2
FLTS 16-Bit Integer to Floating Point Conversion 1D R B C U §,2Z
FMUL Multiply A'and B 1 2 R C DU S, ZE
FSuB Subtract A from B 11 R C DU S, ZE
LOG Common Logarithm (base 10) of A 0 8 R B U WU $,ZE
LN Natural Logarithm of A 0:9 R B U WU S, ZE
POPF Stack Pop 18 B C D A S$,2
PTOF Stack Push 17 A A BC §,Z
PUP| Push n onto Stack 1t A R A'B C s,z
PWR BA Power Function 0B R CUU S, ZE
SIN Sine of A (radians) 0 2 R B U U S,z

" SQRT Square Root of A 01 R B C U S, ZE
TAN ) Tangent of A (radians) 0 4 R B U U S,ZE
XCHF Exchange A and B 1.9 B A CD §,2

Table 3. 32-Bit Integer instructions
(2)

Instruction ’ ‘Description 2%"5(2 sﬁi&t;ﬂ%ﬂ?@ sm‘t‘t:'sez::gs(‘)
CHSD Sign-Change of A 3 4 R B C D $,2,0
DADD Add A and B ) 2 C R C DA §,Z2CE
DDV Divide B by A . 2 F R C DU S$,ZE
DMUL Muttiply A and B (R = lower 32-bits) 2 E R C-D U §,20
DMUU Muitiply A and B (R = upper 32-bits) 3 6 R CDUWU $,20
psus Subtract A fromB. o 2D R C D A $,2,C,0
FIXD Floating Point to Integer Conversion 1 E R B CU $,2,0
POPD Stack Pop 3 8 8 C DA S,2
PTOD Stack Push 3 7 A ABC S,z
XCHD Exchange A and B 3 9 . B ACD §,2

Table 4. 16-BIt InIeger Instructions
REE (]
Instruction Description "é:"f(;) slt\?l?r 2:::::'::; Sta:;'sez ::gs“)
) Ay AL By B_ Cy € Dy D
CHSS Change Sign of Ay - 7 4. R AL By By Cy;.CL Dy Dy . 8z0
FIXS Floating Point to Integer Conversion 1 F R ByB CyC U U U $,20
POPS Stack Pop : 7.8 AL By B_ Cy C Dy Dy Ay ¥4
PTOS Stack Push - 77 Ay Ay AL By B Cy C_ Dy s,z
SADD Add Ay and A 6 C R By B Cy Ci Dy D Ay 5,2,CE
SDIV Divide A by Ay 6 F R ByB CyCDyDL U S,ZE
SMUL Multiply A_ by Ay (R=lower 16-bits) 6 E R By B CyCLDyD U S,Z,E
SMUU Multiply A, by Ay (R=upper 16-bits) 76 R ByB_CyC_DyD U S,ZE
sSsus Subtract Ay from A 6 D R By B_ Cy C_ Dy D_ Ay S,Z,CE
XCHS Exchange Ay and A 79 AL Ay By B_ Cy C Dy D, S,z
NOP No Operation 00 Ay AL By B Cy C_ Dy D, ‘

Notes: 1. In the hex code column, SVREQ is a 0. :
2. The stack initially is composed of four 32-bit numbers (A, B,C, D). Alis equivalent 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, C, or D).
3. The stack initially is compesed of eight 16-bit numbers (Ay, A, By, By, Cy, C, Dy, D). Ay is the TOS and A_is NOS. Upon completion of a
command the stack is composed of: the result (R); undefined (U); or the initial contents (Ay, A, By, B, .. ). .
4. Nomenclature: Sign (S); Zero (2); Overflow (O); Carry (C); Error Code Fieid (E).

. 8-23 AFN-012518

@ HhPDF - wyw.fastio.com


http://www.fastio.com/

ClibPDF -

intal

8231A

PRELIMINARY

DATA FORMATS

The 8231A arithmetic processing unit handles operands
in both fixed point and floating point formats. Fixed
point operands may be represented in either single
(16-bit operands) or double precision (32-bit operands),
and are always represented as binary, two's comple-
ment values.

SINGLE PRECISION FIXED POINT FORMAT

VALUE

CURNRRRNNNRENIN]

DOUBLE PRECISION FIXED POINT FORMAT

VALUE

sJIIHIIHIIIHIIIIIIIIHIIlllli

The sign (positive or negative) of the operand is located
in the most significant bit (MSB). Positive values are

represented by a sign bit of zero (S = 0). Negative values "

are represented by the two’s complement of the corre-
sponding positive value with a-sign bit equal to 1(S=1).
The range of values that may be accommodated by each
of these formats is — 32,768 to + 32,767 for single preci-
sion and - 2,147,483,648 to + 2,147,483,647 for double
precision.

Floating point binary values are represented in a format

that permits arithmetic to be performed in a fashion
analogous to operations with decimal values expressed
in scientific notation.

(5.83 x 10?) (8.16 x 10") = (4.75728 x 10%)

In the decimal system, data may be expressed as values
between 0 and 10 times 10 raised to a power that effec-
tively shifts the implied decimal point right or left the
number of places necessary to express the result in con-
ventional form (e.g., 47,672.8). The value-portion of the
data is called the mantissa. The exponent may be either
negative or positive. .

The concept of floating point notation has both a gain
and a loss associated with it. The gain is the ability to
represent the significant digits of data with values span-
ning a large dynamic range limited only by the capacity
of the exponent field. For example, in decimal notation
if the exponent field is two digits wide, and the mantissa
is five digits, a range of values (positive or negative)
from 1.0000x 10~% to 9.9999x 10*% can be accom-
modated. The loss is that-only the significant digits of
the value can be represented. Thus there is no distinc-
tion in this representation between the values 123451
and 123452, for example, since each would be ex-
pressed as: 1.2345x 10°. The sixth digit has been
discarded. In most applications where the dynamic
range of values to be represented is large, the loss of
significance, and hence accuracy of results, is a minor
consideration. For greater precision a fixed point format
could be chosen, although with a loss of potential
dynamic range.
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* The 8231A is abinary arithmetic processor and requires

that floating point data be represented by a fractional
mantissa value between .5 and 1 multiplied by 2 raised
to an appropriate power..This is expressed as follows:

value=mantissa x 28xPonent

For example, the value 100.5 expressed in this form is
0.1100 1001 x 27. The decimal equivalent of this value
may be computed by summing the components (powers
of two) of the mantissa and then multiplying by the ex-
ponent as shown below: '

value=(2"1+2°242-542-8x 27
=0.5+0. 25+003125+000290625)x 128
=0.78515625x 128 .
=1005 .

FLOATING POINT FORMAT

The format for floating point values in the 8231A is given
below. The mantissa is expressed as a 24-bit (fractional)
value; the exponent is expressed as a two’s complement
7-bit value having a range of —64 to +63. The most
significant bit is the sign of the mantissa (0 = positive,
1=negative), for a total of 32 bits. The binary point is
assumed to be to the left of the most significant man-
tissa bit (bit 23). All floating point data values must be
normalized. Bit 23 must be equal to 1, except for the
value zero, which is represented by all zeros.

EXPONENT

[EHENEEE
3t 30 24 23

MANTISSA

HIIII»IIIIIIIVIIIIIIIIHO

The range-of values that can be represented in this for-
mat is % (2.7 X 10~2°t0 9.2x 10%8) and zero.

FUNCTIONAL DESCRIPTION

STACK CONTROL

The user-interface to the 8231A includes access to an 8
level 16-bit wide data stack. Since single precision fixed
point operands are 16-bits in length, eight such values
may be maintained in the stack. When using double
precision fixed point or floating point formats four
values may be stored. The stack in these two configura-
tions can be visualized as shown below:

T0s —=| A2, A1 TOS —]: A4 | A3 | A2-, Al T
NOs —=1 B2 81 NOS —| B4, BS , B2 .81},
Ll i L L
1 8 1 1 A l
1 f —)
1
.
)

Data are written onto the stack, eight bits at a time, in
the order shown (A1, A2, A3, .. .). Data are removed from
the stack .in reverse byte order (A4, A3, A2...). Data
,should be entered onto the stack in multiples of the
number of bytes appropriate to the chosen data format.
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DATA ENTRY

Data entry is accomphshed by brmgmg the ch|p select
(CS), the command/data line (Ag), and WH 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 (A¢), and RD 6w 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. Commarids 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 (Ag) 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 (devnce
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
execuhon It will then go high, permlmng entry of the
new command.

2. A previously initiated operatlon is in progress and
stack access has been attempted. In this case, the
READY line will be pulled low, will remam 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.

ClibPDF = www fastio.com

4. The 8231A is not busy, and a data entry has been re-
quested. READY will be puiled 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 oo — ERROR CODE —————>| CARRY

[ |1

7 0

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 gwen Vanatlons
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 aliotted 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

Command Clock Command Clock Command Clock Command Clock
Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles Mnemonic Cycles
SADD 17 FADD 54-368 LN 4298-6956 POPF 12
SSuUB 30 FSUB | .. 70-370. EXP ‘| 3794-4878 XCHS 18
SMUL 84-94 FMUL 146-168 PWR 8290-12032 XCHD - 26

SMUU 80-98 v

SDIV 84-94 FDIV 154-184 NOP 4 XCHF 26
DADD 21 SORT 800 CHSS ... 23 PUPI 16
psuB .38 SIN ] 4464 CHSD 27 : :
DMUL 194-210 cOos 4118 CHSF 18

DMUU 182-218 o s

oDIv 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:

FX)=Ag+ AX+ AgX2+ AgX3+ AgX4. i (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)
8= Cos~X :

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

To(X)=Cos (0 - 8)=Cos (0)=1_ (1-4)

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

To(X)= Cozs 20=2C0s20~1=2Co0s2(Cos~'X)-1 (1-6)
=2X%-1
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In general, the next term in the Chebyshev series can be
recursively derived from the previous term as follows:

T,,'(X)’= 2X [T 1X)} - Th—2X)n>2 ‘ (-7

Common logarithms are computed by multiplication
of ‘the .natural logarithm by the conversion factor
0.43429448 and the error function is therefore 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 erroris 2x 10-7.
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APPLICATION INFORMATION

The diagram in Figure 4 shows the interface connec-
tions for the APU with operand transfers handled by an
8237 DMA controller, and CPU coordination handled by
an Interrupt Controller. The APU interrupts the CPU to
indicate that a command has been completed. When the
performance enhancements’ provided by the DMA and
Interrupt operations are not required, the APU interface

can be simplified as shown in Figure 3. The 8231A APU is
designed with a general purpose 8-bit data bus and in-
terface control so that it can be conveniently used with
any general 8-bit processor.

In many systems it will be convenient to use the
microcomputer system clock to drive the APU clock
input. In the case of 8080A systems it would be the
$2TTL signal. Its cycle time will usually fall in the range
of 250 ns to 1000 ns, depending on the system speed.

ADDRESS BUS

cpy  1OR Jo————»-0| D ezA:u cs
jO———————>0 WR
oW, WR  ARiTHMETIC
cLock CLK  PROCESSOR
READY. READY UNIT

SYSTEM DATA BUS

y

Figure 3. Minimum Configuration Example

ClibPD

ADDRESS BUS

8205 l AB-ATS
DECODER |, [+ A0-A7 AEN >o ol 5. ADDRESS
LATCH
A-ATS o 8237 ApsTB STB g2
DMA CONTROLLER 0B0-
HLDA HLDA e B DB? /}
|s H ‘5 g
LD b1 3
o o 3 B EBEE E
! i
cLocK
MEMR fo—
- :>
iOR o——
cry
W jJo—
READY
Vee } i
Q_Q ___ 0
WR RO [y B 5 8 ¢ E 8 4
< &
o————»JinTA J— i B &
INTA INTA 82804 RO g £ B & 8231
INTERRUPT ARITHMETIC
INT it CONTROLLER ACK PROCESSOR UNIT
DB0-DB7 DBO-DB7 = DB0-DB7
L SYSTEM DATA BUS

Figure 4. High Performance Configuration Example
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ABSOLUTE MAXIMUM RATINGS*

Storage Temperature............. —65°C to + 150°C
Ambient Temperature Under Bias......... 0°Cto70°C
Vpp with RespecttoVgg............ - 0.5V to +15.0V
Ve with RespecttoVgg. ............ -0.5Vto +7.0V
All Signal Voltages with Respect

tO Vg e oot -0.5V to +7.0V
Power Dissipation................... ... ..., 2.0W

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may effect device

reliability. -

D.C. AND OPERATING CHARACTERISTICS (T, = 0°C to 70°C, Vgg = OV, Vec = +5V = 10%,
Vop = +12V * 10%)

Parameters Description Min. Typ. Max. Units Test Conditions
Von Output HIGH Voltage 3.7 Volts loH= — 200 pA
VoL Output LOW Voltage 0.4 Volts loL=3.2 mA
ViH Input HIGH Voltage 2.0 Vee Volts
ViL Input LOW Voltage -05 0.8 Volts
e Input Load Current +10 pA Vss = VN = Vge
loz Data Bus Leakage +10 A Vgs +0.4 < Voyt < V¢
lec Ve Supply Current : 50 95 mA
Ibp Vpp Supply Current 50 95 mA
Co Output Capacitance 8 ~ pF
C, Input Capacitance : 5 pF fc = 1.0 MHz, Inputs =0V
Cio I/O Capacitance 10 pF
A.C. TESTING INPUT, OUTPUT WAVEFORM
C, = 150 pF

37
2.0 2.0
> TEST POINTS <
0.8 0.8
0.4

A.C. TESTING: iINPUTS ARE DRIVEN AT 3.7V FOR ALOGIC “1” AND 0.4V “OR
ALOGIC “0.” TIMING MEASUREMENTS ARE MADE AT 2.0V FORA LOGIC “1”
AND 0.8V FOR A LOGIC "0.”
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|nte| 8231A PRELIMINARY

A.C. CHARACTERISTICS (Ty = 0°C to 70°C, Vgg = OV, Ve = +5V = 10%, Vpp = +12V * 10%)

READ OPERATION
Symbol Parameter 8231A-8 §231A-3 8231A Units
Min. Max. Min. Max. Min. Max.
tar Ag, CS Setup to RD 0 0 0 ns
tRa Ay, CS Hold from RD ] 0 ) 0 ns
try READY | from AD ¢ Delay (Note 2) . 150 < 100 100 ns
tyr READY t to RD* 0 0 ] ns
B -1 35tey 35 toy 35ty
tRAR READY Pulse Width (Note 3) et +50 + 5,° +50 ”
saws | D Rty bty s
tRDE Data Bus Enable from RD 4 : 50 50 50 ns
tory Data Valid to READY ¢ ; 0 0 0 ns
tor Data Float after RD t 50 200 ) 50 150 50 100 ns
WRITE OPERATION
Symbol Parameter 8231A-8 8231A-3 8231A Units
Min. Max. Min. Max. Min. Max.
taw Ag, CS Setup to WR 0 0 0 _ ns
twa Aq, CS Hold after WR 60 30 25 ns
twy READY { from WR ¢ Delay (Note 2) 150 100 100 ns
tyw READY t to WR t ] 0 ] ns
tRRW READY Pulse Width (Note 4) 50 50 50 ns
tw Write Inactive Time (Note'4) | Command 4toy 4oy 4ter ns
Data 5tcy Stoy " Stey ns
tow Data Setup to WR 150 100 100 ns
twp Data Hold after WR . 20 20 20 ns
OTHER TIMINGS
Symbol Parameter 8231A-8 8231A-3 _ 8231A Units
Min. Max. Min, Max. Min. Max.
toy Clock Period ) 480 5000 320 3300 250 2500 ns
topH Clock Pulse High Width 200 140 100 ns
tepL Clock Pulse Low Width 240 160 120 . ns
tee END Puise Width (Note 5) 400 300 200 ns
teaE EACK 4 to END * Delay 200 175 150 ns
taa EACK Pulse Width 100 - 75 50 ns
tsa 'SVACK + to SVREQ | Delay 300 20 150 ns
tss SVACK Pulse Width 100 ) 75 50 ns

NOTES:

1. Typical values are for To=25°C, nominal supply voltages and nominal processing parameters.

2. READY is pulled low for both command and data operations.

3. Minimum values shown assume no previously entered-command is being executed for the data access. If a previously entered
command is being executed, READY low puise width is the time to complete execution plus the time shown. Status may be read at any
time without exceeding the time shown. ’ ‘

4. READY low pulse width is less than 50 ns when writing into the data port or the control portas long as the duty cycle requirement (tw) is
observed and no previous command is being executed. tw; may be safely violated as long as the extended trpw that results is
observed. If a previously entered command is being executed, READY low pulse width is the time to complete execution plus the time
shown. These timings refer specifically to the 8231A.

5. END low pulse width is specified for EACK tied to VSS. Otherwise tgag applies.
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WAVEFORMS
READ OPERATION
cLock _[ \ _Jz H_\ / \
! - tey tcpu> | topL -
Ag, CS x ‘ B
’ le— tan — ¢—~|—lu
—
AB li . /|
tRY tRRR I-—Ma——
READY s , f
tRDE — DRY toF
D:Eg 4 g OUTPUT VALID E—-———
WRITE OPERATION
.68 X
W . n.\ :
" S
lwv—L—w tRAW ) l-—-—-lvw—-’ twr
READY \ f
tow two
ey g INPUT STABLE
INTERRUPT OPERATION
j+—tee——
0 "V
tEAE
[+—taa—|
ek \ \/ .
SVREQ / T \
tsa X ‘
SVACK /
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