Am9511A

Arithmetic Processor

DISTINCTIVE CHAHACTERISTICS GENERAL DESCRIFTION

¢ Feplacas Am9511 The Am35114A Arithmetic Processing Unil (APU) is a monolithic
* Fixed point 16 and 32 bit operalions MOS/LS| device that provides high performance fixed and
@ Floating point 32 bit operations floating point arithmatic and a variety of lNoating point
* Binary data formats tigonometric and mathematical operations. It may be used to
& Add, Subtract, Muttiply and Divide enhance the computational capability of a wide variety of
» Trigonometric and inverse trigonometric functions processor-oriented syslems.

» Square roots, logarithms, exponentiation All transfers, including operand, result, status and command
# Float o fixed and fixed to float conversions information, take place over an B-bit bidirectional data bus.
* Stack-oriented operand storage Opetands are pushed onto an infernal steck and a command
* DMA or programmed /O data iransters is issued lo perform operations on the data in the stack. Re-
& End signal simplifias concurrent processing sults are then available io be retrieved from the stack, or addi-

® Synchronous/Asynchronous operations

tional b )
¢ General purpose 8-bit data bus interlace nai commands may be entered

+ Standard 24 pin package Transfers to and from the APU may be handled by the
* +12 volt and +5 volt power supplies associated wacessor using conventional pregrammed 1O, or
¢ Advanced N-channel sificon gate MOS technology may be handled by a direct memaory access controller for sm-
* 100% MIL-STD-B83 reliability assurance tesling proved performance. Upon completion of each command, the

APU issues an end of execution signal that may be usad as
an interrupt by the CPU fo help courdingte program exacution.
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INTERFACE SIGNAL DESCRIPTION

VCC: 45V Power Supply
VDD: +12V Power Supply
VES: Ground

CLK {Clock, Input)

An external timing source connected to the CLK input provides
the necessary clocking. The CLK inpul can be asynchronous to
thé HD and WH control signals.

RESET (Reget, Input)

A HIGH on this inpuf causes initialization. Reset terminates any
operation in progress, and clears the status register 10 zere. The
internal stack pointer is initialized and the contents of the stack
may be affected but the command register is not affecied by the
reset cperation. After a reset the END cutput will be HIGH, and
the SVREQ output witl be LOW. For proper initialization, the
RESET input must be HIGH for atYeast five CLX periods following
stable power supply voltages and stable clock.

/0 (Command/Data Select, Input)

The C/D input together with the RD and WH inputs determines
the type of iransfer 1o be performed on the data bus as follows:

CO| RO |WR Function

L H L Push dsta byte inla the stack
L L H Pop data bHyte from the stack
H H L Enter command byte from ihe data bus
H L H Read Status
X L kL Undedined

L = LOw

H = HIGH

X = DONT CARE

END (End of Execution, Qutput)

A LOW on this output indicales that execution of the current
command is complete. This cutput will be cleared HIGH by ac-
tivating the EACK input LOW or performing any read or write
operation or device inilialization using the RESET. If EACK is
tied LOW, the END outpul will be a pulss (see EACK descrip-
tion). This is an open drain culput and requires a pullup io +5Y.

Feading the status register while a command execulion is in
progress is allowed. However any read or write cperation clears
the fiip-flop that generates the END ouiput. Thus such continu-
ous reading could conflict with internal logic setting the END
flip-fiop al the gompletion of command execution,

EACK (End Acknowledge, Output)

‘Fhis input when LOW makes the END output go LOW. As men-
tioned earlier HIGH on the END cutput signals completion of a
command execution. The END output signal is derived from an
internal flip-flop which is clocked at the completion of a com-
mand. This flip-flop is ¢locked to the reset state when EACK is
LOW. Consequently, if the EACK is tied LOW, the END output
will be a puise that is approximatety one CLK pericd wide.

SVREQ (Sarvice Request, Quipul)

A HIGH on this output indicates completion of a command. In
this sense this output is same as the END output. However,
whather the SYREQ output will go HIGH at the complation of a
command or not is determined by a service request bit in the
command register. This bit must be 1 for SVREQ to go HIGH.
The SVREQ can be cleared (e, go LOW) by activating the
SVACK Input LOW or initializing the dewvice using the RESET.

Alsa, tha SVREQ will be autamatically cieared after completion
of any command that has the servige request bit as 0.

SVACK (Service Acknowledge, Input)

A LOW on this input activatas the resel input of the flip-flop
generating the SYREQ output, i the SWACK input is perma-
nently tisd LOW, it will conflict with the internal setting of the
flip-flop 1o generale the SYREQ outpul. Thus the SYREG indi-
cation cannat be reliad upon if the SVATK is tied LOW.

DBO-DE7 (Bldirectional Data Bus, Input/Qutput)

These eight bidirectional lines are used o wansfer command,
status and operand information between the device and the host
processor, DBO is the least significant and DB7 is the mosi
significant bit positian, HIGH on the data bus line coresponds o
1 and LOW corresponds ta 0.

When pushing opevands on the stack using the dala bus, the
least significant byte must be pushed first and most significant
byte last. When popping the slack 1o read the resull of an opera-
tion, the most signilicant byte will be available on the data bus
first and the least significant byte will be the last. Moregver, for
pushing operands and popping resuits, the number of transac-
tions must be equal to the psoper number of byles appropriale
far ihe chosen format. Otherwise, the internal byte pointer will
not be aligned property. The Am3511A single precision format
requires 2 bytes, double précision and floating-point fomnats re-
quire 4 bytes.

CS (Chip Select, input)

This input must be LOW to accomplish any read or write opera-
fion to the AmS511A.

To perform a write operalion data is presented an DBO through
D87 lines, G/T is driven to an appropriale level and the TS input
ls made LOW. However, actualwriling into the AmS511A cannot
start until WR is made LOW. After initiating the write operation
by a WR HIGH to LOW transition, the PAUSE output will go
LOW momentarity (TPPWW),

The WR inpt can go HIGH after FAUSE goes HIGH. The data
lines, €6 input and the TS input can change when appropriate
hold time requirernents are satistied. See write timing dlagram
for details.

To perform a read operation an appropriate logic level is estab-
iished on the C/D input and &5 is made LOW. The Aead opera-
tion does not start until the R input goes LOW. FAUSE wili go
LOW for a period of TPPWR. When goes back HIGH
again, # Indicates that read cperation is complete and the re-
quirad information is available on the DBO through DB7 lines.
This information will remain on tha data lines as long as RD 10 input
is LOW. The AD Input can retum HIGH anyiime after PAUSE
goes HIGH. The TS input and C/D inputs can change anytime
after RD returns HIGH, See read timing diagram for deails.

AD (Read, Inpul)

ALOW on this input is used 1o read information from an intemal
location and gate that infarmation on to the data bus. The CS
input must be LOW to accomnplish the read operation. The C;’_D
input determines what internal location is of interest. See C/D,
CS5 input descriptions and read timing diagram for details. If the
END output was LOW, performing any read operation will make
the END output go HIGH after the HIGH to LOW transition of the
RD inpui {assuming CS is LOW).
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WR (Write, Input)

A LOW on this inpart is used 1o transfer information from the data
bus into an intemal location. The TS must be LOW to ac-
complish the write operation. The /D determines which intermai
location is to be written. See &0, TS input descriptions and
wrile timing diagram for detalls.

If the END output was LOW, performing any write operation will
make the END output go HIGH after the LOW to HIGH transition
af the WR input {assuming TS is LOW),

PAUSE (Pause, Outpu)

This outpul is a handshake zignal used while performing read or
write transactions with the AmE511A, A LOW at this oulput indi-
cates that the Am3511A has not yel completed its information
transfer with the host over the data bus. During a read operalion,
atter TS went LOW, the PAUSE will become LOW shortly (TRP)
after AD goes LOW. PAUSE will relurn high only after the data
bus contains valid output data. The CS and RD should remain
LOW when PAUSE is LOW. The RD may go high anytime after
PAUSE goes HIGH. During a write operation, after C8 want
LOW, ihe ﬁag__gﬁ wil be LOW for a very shon duralion
(TPPWN) atter WR goes LOW. Since the minimum of TPPWW
is 0, the PAUSE may not go LOW at all for fast devices. WR may
go HIGH arytime after PAUSE goes HIGH.

FUNCTIONAL DESCRIPTION

Major tunctional units of the Am9511A are shown in the block
diagram. The Am95114 employs a microprogram controlled
stack oriented architeciure with 16-bit wide data paths.

The Arithmetic Logic Unit (ALY receives one of its operands
from the Operand Stack. This stack is an 8-word by 16-bit 2-port
memory with last in-first out (LIFQ) atiributes. The secand
operand to the ALU is supplied by the mtemal 16-blt bus. In
addition to supplying the second cperand, this bidirectional bus
also carries the results from the output of the ALU when re-
quired. Writing into the Operand Stack takes place from this
internal 16-bit bus when required. Also connected to this bus are
the Constant ROM and Working Hegisters. The ROM provides
the required constants to perform the mathematical operations
{Chebyshev Algorithms) while the Working Ragisters provide
storage for the intermediate values during command execution.

Communication between the external world and the Amgs11A
takes place on sight bidirectionat input/eutput lines DB) through
DB7 (Data Bus). These signals are gated t0 the intemal eight-hit

bus through appropriate interface and buffer circuitry. Multi-
plexing facilities exist for bidirectional communication beiween
the intemal eight and sixieen-bit buses. The Status Register and
Command Register are also accessible via lhe eight-hit bus.

The Am9511A operations are controlled by the microprogram
contained in the Contral ROM. The Program Counter supplies
the microprogram addresses and can be partially loaded from
the Command Ragister. 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 micreinstruction being executed. This
register faciitates pipelined microprogram axecution. The In-
struction Decode logic generates varlous intemal control signals
needed for the AmS5114A operation.

The Interface Control logic receives saveral externa) inputs and
provides handshake related oulputs to facilitate interfacing the
AMES11A 10 MICroprocassars.

COMMAND FORMAT

Each command entared into the Am3511A consists of a single
8-bit byte having the format itustrated below:

OFERATION ___ _ _ |
SVREC SINGLE  FIXED CODE
far) | I | | | |
7 ] L ] 3 2 hi []

Bits 0-4 select the operation to be performed as shown in the
lable. Bits 5-6 sefect the data format for the operation. i bit 5
i5 a 1, a fixed point data format is specified. IFDit 5 is a 0,
floating point format is specified. Bit & selacts the precision of
the data 10 be operated on by fixed point commands {if bit 5
= 0, bit 6 must be 0. i bit 6 is a 1, single-precision {15-bit}
operands ane indicated; if bit & is a 0, double-precision {32-bif)
operands are indicated. Results are undefined for all illegal
cambinations of bits in tha command byte. Bit 7 indicates
whether a service request is to be issued alter the command
is executed. If bit 7 is a 1, the service request oulput
{SVREQ) will go high at the conclusion of the command and
will remain high until reset by a low level on the satvice
acknowledge pin (SVACK} or uniil complation of exacution of
a succeeding command where bit 7 is 0. Each comnand Is-
sued to the AmB511A requests post execulion service based
upon the state of bit 7 in the command byte. ¥When bit 7 is a
0, SVREG remains low.
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COMMAND SUNMMARY
Command Codas
Command
7[els[ala]2] 10| mnemonic Command Description
FIXED-POINT 18-BIT
ar | 1 1 0 1 1 oo SADD Add TOS to NOS, Pesuk o NOS. Pop Stack.
|1 1 1] 1 1 0 ] ssuB Subtract TOS from NOS. Result to NOS. Pop Stack.
ss|l 1|1 ]o]l 1] 1]1] o0 SmuL Multiply NOS by TOS. Lower half of result to NOS. Pop Stack.
e | 1 1 1 0 1 1 1] MUY Multiply NOS by TOS. Upper half of result 1o NOS. Pop Stack.
st | 1 0 i 1 1 % sDv Divide NOS by TOS. Result to NOS. FPop Stack.
FIXED-POINT 32-BIT
ar ] 1 1} 1 1 Q 3] DADD Add TOS to NOS. Result th NOS. Pop Stack,
] o1 ol 1 101 baue Subtract TOS from NOS. Result 1o NOS, Fop Stack.
sr | 0|1 [N | 1 1|0 DMUL Muttiply NOS by TOS. Lower hall of resuli to NOS. Fop Stack.
sr| 0|1 i bl 1 1 [+ DMUL Multiply NOS by TOS. Upper hall of result to NOS. Pop Stack,
sr| O 1 Q 1 1 1 1 Do Divide NOS by TOS. Result to NOS. Pop Stacic
FLOATING-POINT 32-BIT
sl 00 1 alaoflo aq FADD Add TGS to NOS. Rasult b NOS. Pop Steck,
st | 0] o 1 clo|ef 1 FsuB Subtract TOS from NOS. Result to NOS, Pop Stack.
sglo]lo|l1]e]lo]1]o FMUL Muttiply NOS by TOS. Result b NOS. Pop Stack.
sr | O 0 1 a 0 1 1 FBIV Divide NOS by TOS. Rasult to NOS. Pop Steck.
DERIVED FLOATING-FOINT FUNCTIONS
sr| O 0 1] 0 a 1] 1 SQRT Square Aoct of TOS, Result in TOS,
ss [ 0]lojOo]al o] 0 SIN Sine of TOS. AesuM in TOS.
s | O] O| O] O] O] 1 cos Cosine of TOS. Aesultin TOS.
s | O 1] Li] 1} 1 0 [H TAN Tangant of TOS. Result in TOS.
|0 ]Oo|O] D 1 I | ASIN Inverse Sine o TOS. Result in TOS.
s | O 1] 4] qQ 1 1 (1] ACOS inverse Cosgine of TOS. Aesull in TOS.
sr| 0] 0 {2 I I | 1 1 ATAN Inverse Tangent of TOS. Result in TOS.
ssr | 0] O | O] 0|0 |0 LOG Common Loganthin (basa 10} of TOS. Result in TOS.
sr | O 0 1) 1 0 [»] 1 N Natural Logarithm (base 8) of TOS. Result in TOS.
st | oo |o|l1]o]|1] 0 EXP Exponential (8*) of TOS. Result in TOS,
sr| 0] 010 1 01 1 PWR NOS raised to the power in TOS. Resull in NOS. Pop Stack,
DATA MANIPULATION COMMANDS
&r 0 0 o 0 1] 0 1] NOP No Operation
s |0 /] 1 1 1 1 1 FIXS Convert TOS fom floating point 1o 16-bit fixed podnt lormat.
sr | O 0 1 1 1 1 0 FIXD Convart TOS trom floating point 10 32-bil fixed point lamat,
sr| O 0 1 1 1 o 1 FLTS Convert TOS from: 16-bit fixed point io floating point format.
gloloe|1]1|1]0o] o0 FLTD Convert TOS from 32-bit fixed poWnt 10 Moating polnd jomat.
s | 1 t 1 0 1 0| o0 CHES Change sign of 16-bit fixed point operand on TDS.
st | O 1 1 ol t 0|0 CHED Change sign of 32-bit fixed point oparand on TOS,
ss| 0] O 1 ol 1 o1 CHSF Changa sign of fioating point aperand on TOS.
er | 1 1 1 ol 1 1 1 PTOS Push 16-bit fixed point operand on TOS o NOS (Copy)
g|lo]t|1]o]1]11]n1 PTOD Push 32-bit fixed point operand on TOS to NOS. (Gopy)
st | @ 1] 1 [i] 1 1 1 PTOF Push floabng point oferand on TOS to NOS. {Copy)
sr | 1 1 1 1 [} 0 1) POPS Pep 16-bit fixed point operand from TOS, NOS bacomes TOS.
st | O t 1 1 0|0 |0 POFD Pop 22-bit fiwed point operand from TOS, NOS becomes TOS.
sr | 0| O 1 1 ol 0| a POPF Pop floaling pdint opevand from TOS. NOS becomes TOS.
sr | 1 1 1 1 [+ 0 1 XCHS Exchange 16-bit fixed paint operands TOS and NOS,
| 0] 1 1 0|0 |1 XCHD Exchange 32-bit fixed poin opsands TOS ang NOS,
srlo|o]1]1]o|0]| XCHF Exchange fleating pont operands TOS and NOS.
ss | 0| O 1 1 0|1 0 PUPI Push floaiing point conatant “+#" ento TOS. Previous TOS becormes NOS.
MNOTES:

1. TOS means Top of Stack. NOS means Next on Stack,

2. AMD Application Brief "Algorithm Details for the AmSS11A

4. The trigonomatric functions handle angles in radigns, not

degress

APU" provides detailad descriptions of each command func-
tion, including data ranges, accuracies, stack configurations,
ele.

. Many commands destroy one stack location (bottorm of
stack) during development of the result. The derived fung-
tions may destroy several stack locations. See Application
Brief for detalls.

5. No remalnder is available for the fxec-point dvide functions.
€. Resulis will ba undefined for any combination of command
coxding bits not specilied in this table.
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COMMAND INITIATION

After propedty positioning the required operands on the stack, a
command may be !ssued. The procedure for initiating a com-
mand execution is as follows:

1. Emter the appropriate command on ihe DBO-DB7 lines.

2. Estabiish HIGH on the C/D Input.

3. Establish LOW on the TS input.

4. Establish LOW on the WR input after an appropriate set up
time (see timing diagrams),

5. Sometime afier the HIGH to LOW level transiton of WR
input, the PAUSE output will become LOW. After a delay of
TPPWW, it will go HIGH to acknowledge the write operation.
The WR input can retum to HIGH ahytwne after PAUSE going
HIGH. The PBO-DB7, C/D and CS inputs are allowed to
change after the hold time requirements are satistied {see
liming diagram).

An atiempt to issue a new commiand while the current command

execution is in progress is allowed. Under thege circumstances,

the PAUSE output will not go HIGH untll the current epmmand
axecution is completed.

OPERAND ENTRY

The AMSS11A commanks operste on the operands located at
the TOS and NOS and results are retumed to the stack at NOS
ang then poppad t0 TOS. The operands required for the
AmO511A are one of three formals — single precision fixed-point
(2 bytes). double precigion fixed-peint (4 bytes) or Hioating-point
{4 bytes). The result of an ocparation has the same forrmat as the
operands except for fivat to lix or fix to float commans.

Operands are always enfered into the stack least significant byte
firs! and most significant byte last. The fotlowing procedure must
be followed 1o enter cperands arto tha stack:

1. The lower significant operand byte is established on the
DBO-DB7 lines. _

2. A LOW is established on the G/D input to specify thal data is
lo be entered info the stack.

3. The CS input is made LOW. _

4. After appropriale set up time (see timing diagrams), the WR
input is made LOW. The PAUSE culput will become LOW.

5. Sometime after this event, the PAUSE will return HIGH to
indicate that the write operation has been acknowlaedged.

8. Anytime afier the PAUSE output goes HIGH the WH input
can be made HIGH. The DBO-DBY, C/E and ﬁimuts can
change after approptiate hold time requirements are satisfied
(see timing diagrams).

The above procedure must be rapeated unfil all bytes of the
operend are pushed info the stack. It should be noted that for
single precision fixed-point operands 2 bytes should be pushed
and 4 byles must be pushed for double precision fixed-point or
floating-point. Not pushing all the bytes of a quantity will result in
byte poinler misalignment.

The Am3511A stack can accommuodate 8 single precision
fixed-point quantities or 4 double precision fixed-point or Aoat-
ing-point quantities. Pushing more quantiies than the capacity
of the stack will resull in loss of data which is usual with any
LIFO stack.

DATA REMOVAL

Regull from an operation will be available at the TOS. Resulis
can e ranstered from the stack to the daia bus by reading the
stack. When the stack is popped for regults, the most significant
byte is available first and ihe least significant byte fast. A resultis
always of the same precigion as the operands that produced it

except for format canversion commands. Thus when the result
is taken from the stack, the total number of bytes poppad out
should be appropriate with the precision — single precision re-
sulls are 2 bytes and double precision and floating-point results
are 4 bytes. Tha following procedure must be used for reading
the result from the slack:

1. A LOW is estabiished on the C/O input.

2. The CS input is made LOW.

3. After appropriate set up time {see timing diagrams), the RD
input is made LOW. The FAUSE will bacome LOW.

4, Sometime after this, PAUSE will return HIGH indicating that
the data is available on the DBD-DB7 lines. This data will
remain on the DBO-DB7Y lines as long as the RO inpul re-
mains LOW.

5. Anytime atier PAUSE goes HIGH, the FD input can retum
HIGH to complete ‘transaction.

6. Tha CS and C/D inputs can change after appropriate hold

tire requiremants are satisfied {see timing diagram).

Repeal this procedure until all bytes appropyiate for the pre-

cigion of the result are popped oul.

Reading of the siack doss not alier its data; it only adjusts the
byle pointer. I more data is popped than the capacity of the
stack, the internal byte pointer will wrap around and older data
will be read again, consstent with the LIFD stack.

STATUS READ

The Am8511A slatus register can be read without any regard to
whether a command is in progress or not. The only implication
thai has o be considered is the effect this might have on the
END output discussed in the signal descriptions.

The fallowing procedure must be followed to accomplish status
register reading.

1. Establish HIGH on the GiD input.

2. Establish LOW on the C§ input. _

3. After appropriate set up time (sae timing diagram) RD input is
made LOW. The PAUSE will becorme LOW.

4, Sometime after the HIGH to LOW wansition of RD input, the
FAUSE will become HIGH indicating that status register
contenis are available on the DB0O-DBY lines. The status data
will remain on DBO-DB7 as iong as HD input is LOW.

5. The RD input can be retumed HIGH anytime after PAUSE
goes HIGH.

6. The C/D input and T8 inpul can change after satisfying ap-
propriate hold time requirements (see timing diagram).

b

DATA FORMATS

The AmB3511A Arithmetic Processing Unit handies operands in
both fixed-point and foating-point formats. Fixed-point operands
may be represonied in either single (16-bit operands) or double
precision (32-bit operands), and are always represenied as
binary, twa's complement values.

16-BIT FIXED-POINT FORMAT

E VALUE
ISR

J32-BIT FIXED-POINT FORMAT

$ VALUE
i Lt ed iyl

a []
imem)
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The sign (positive or nagative) of the operand is located in the
most significant bit (MSB). Positive values are represented by
& sign bit of zero (S = 0). Negative values are ropreserted by
the two's complement of the corresponding positive value with
a sign blt equal to 1 (8 = 1). The range of valuas that may be
accommodaled by each of these formats 1= —32,768 to
+32,767 for single precision 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 parformed in a fashion analogous to
operations with decimal values expressad in scientific nota-
tion.

(5.83 x 107)(8.16 x 107} = (4.75728 x 10%)

In tha decimal system, data may be exprassed ss values be-
tween 0 and 10 times 10 raised to a power that effectively
shitts the impliad decimal point right or left the number of
places necessary o exprass the resuit in conventional form
(0.g., 47,572.8). 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
foss associated with it. The gain is the ability to represent the
significant digits of data with values spanning a large dynamic
range limited only by the capacity of the exponent field. For
exampha, in dacimal notaton if the exponent fletd is hwo digits
wide, and the mantissa is five digits, a range of values (posi-
tive or negative) from 1.0000 x 10™* to0 9.9999 x 10" can
be accommodated. The loss is that only the significant digits
of the value can be represented. Thus there is no distinclion
in this representation between the valugs 123451 and
123452, for example, since each would ba expressed
as: 1,2345 x 10°. The sixih digit has been discarded. In most
applicalions where the dynamic range of values to be rep-
rasented is large, the loss of significance, and hence accuracy
of resulis, is a minor consideration, For greater precision &
fixed point format could be chosen, although with & toss of pa-
tential dynarilc range.

The Am9511 i8 a binary arithmetic processor and requires
that floating point data be represented by a fractional man-
tizsa valve between .5 and 1 mulliplied by 2 raised to an ap-
propriate power, This is expressed as follows:

valug = mantissa x 2exPonent

Far example, the value 1005 expressed in this form is
0.11001001 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 axponent as shown be-
low:
valug = (277 + 272 278 4+ 279 27

= {05 + 0.25 + 0.03125 + 0.00290625) x 128

= 0.7851562%5 x 128

= 1005

FLOATING POINT FORMAT

The format for floating-point values in the Ama5114A is given
below. The mantissa is expressed as a 24-bil (fractional) value;
the exponent is expressed as an unbiaged wo's complement
7-bit value having a range of —84 tc +€3. The most significant
bit is the sign of the mantissa (0 = positive, 1 = negative}, fora
total of 32 bits. The binary point is assumed to be o the left of
the most significant mantissa bit (bit 23). Al floating-point data
values must be nomnalized. Bit 23 must be equal to 1, except for
the value zero, which is represented by all zeros.

EXPONENT =} MANTIZUA i

mlE I
sSp )11 1L p bbbty
nM 2413 L]

The range of values that can be represenied in this format is
=(2.7 x 107 2% 10 9.2 x 10'%) and zero.

STATUS REGISTER

The Am9511A contains an eight bit status register with the fol-
lowing bil assignments:

BUSY | SIGN | ZERO ERFOR CODE CARRY
7 6 5 4 3 2 1 a
BUSY: Indicates that Am9511A is currently executing a com-
mand (1 = Busy).

SIGN: Indicates that the value on the top of stack is negative
{1 = Negaiive).

ZERQ: Indicates that the value on the top of stack is zerno

(1 = Value is zerc).
ERROR This field contains an indication of the validity of the
CODE: result of the last operation. The aror codes are:
0000 - No error
1000 - Divide by zero
0100 - Square root or log of negative number
1100 — Argument of inverse sine, cosine, of & too
large
XX10 — Underflow
XX01 - Quertlow
CARRAY: Previous operation resulted in camy 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, tha other status
hits are nol defined; if zero, indicating not busy, the operalion is
complete and the other status bits are defined ag given above.
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Table 1.
Command | Hex Code | Hex Code Execution Sumamary
Mnemonic {ar=1) (sr=0) Cytles Description
16-BIT FINED-POINT OPERATIONS
SAPD EC 8C 18-19 Add TOS o0 NOS, Resull to NOS. Pop Stack.
FsuB ED &D 30-32 Subtract TOS from NOS. Result v NOS. Pop Stack.
SMUL EE 6E 84-94 Multiply NOS by TOS. Lower resul to NOS. Pop Stack.
SMUU F6 76 80-08 Mutiply HOS by TOS. Upper result 1o NOS. Pop Stack.
sowv EF 8F 8454 Divide NOS by TOS. Result to NOS. Pop Stack.
32-BIT FIXED-POINT OPERATIONS

DACD AC 2C 20-22 Add TOS ko NOS. Aesull to NOS. Pop Stack,
psuB AD 20 38-40 Subtract TOS from NOS. Rasuit to NOS. Pop Slack,
DMuL AE 2E 194-210 Muttiply NOS by TOS. Lower result v NOS. Pop Stack.
DML B& 36 182-218 Multiply NOS by TOS. Upper result t NOS. Pop Stack,
porv AF 2F 196-210 Diide NOS by TOS. Result 1o NOS. Pop Stack

32-BIT FLOATIHG-POINT PRIMARY OPERATIONS
FADD 80 10 54-368 A TOS 0 NOS. Result 10 NOS. Pop Stack.
FSUB ] 1" 70-370 Subtract TOS fom NOS. Result to NOS. Pop Stack.
FMUL o2 12 148-188 Multiply NOS by TOS. Resuli to NOS. Fop Stack.
FOIv 93 13 154-184 Divide NOS by TOS. Result v NOS. Pop Stack.

92-BIT FLOATING-POINT DERIVED OPERATIONS
SORT a o1 7842870 Square Root of TOS. Result to TOS.
SN 82 02 3796-4808 Sina of TOS. Retult to TOS.
cos 83 03 3940-4878 Cosing of TOS. Result o TOS.
TAN 84 04 4604-5506 Tangent of TOS, Result io TOS.
ASIN 85 o5 8230-7938 Inverse Sine of TOS. Result to TOS.
ACOS 86 06 8304-8284 Inversa Cosine of TOS. Result o TOS,
ATAN 87 07 4992-8536 Inverse Tangent of TOS. Rasult o TOS.
LoG o0 08 4474-7132 Comman Logarlien of TOS, Aesult 0 TOS.
LN ag o9 4208-6966 Natural Logarithm of TOS. Result to TOS.
EXP 8s 04 A704-4078 # raised 10 power in TOS. Result to TOS.
PWR e 06 829012032 NOS raised to powsr in TOS. Resull to NOS, Pop Stack.

DATA AND STACK MANIPULATION OPERATIONS
NOP 80 00 4 Mo Oparation, Claar or s#t SVREC
FIXS 9F 1F 80-214 ) )
FIXD o€ \E 90-336} Conven TOS from lloating point format to fixed point format.
:gﬁ ﬁ :g ::;2 } Convart TOS from fixed point format o floating peirt format.
CHES F4 74 22.24
CHSD » 2 2628 } Change sign ol fived point operand on TOS,
CHSF o5 15 1620 Changs sign of foating point operand on TGS,
PTOS F? 77 18
PTOD 87 ar 20 } Push gtack. Duplicabs NOS in TOS.
PTOF 97 17 20
POPS Fa T8 10
POPD -] a8 12} Pop stack. Old NOS becomes iy TOS. Old TOS rotatet & bobiom.
POPF 9 18 12
XCHS F8 79 18
%CHD Bs 28 26 } Exchange TOS and NOS.
XCHF -5 19 28
PUPt 9A tA 16 Push flaating point constant + ontd TOS. Pravious TOS bacomas NOS.
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COMMAND DESCRIPTIONS

This section contains detailed descriptions of the APU com-
mands. They are arranged in alphabetical order by command
mnemenic. In the descripions, TOS means Tep Of Stack and
NOS means Naxt On Stack.

All derived functions except Square Root use Chebyshev
polynomial approximating algorithms. This approach is used
0 help minimize the internal microprogram, to minimize the
maximurn emor vaiuves and to provide a relatively even dis-
ibution of emmors cuer the data range. The basic arithmetic
operations are used by the derived funclions to compute the
various Chebyshey terms. The basic operations may produce
ermor codas in the status register as a result.

Execution times are listed in temms of clock cyclea and may
be converled into time values by mulliplying by the clock
period used. For example, an execution time of 44 clock cy-

cles when running at a 3MHz rate transiates to 14 micro-
seconds (44 x 32ps = 14us). Varations in execution cycles
reflect the data dependency of the algarithms.

In some operations exponent overfiow or underflow may be
possible. When this occurs, the axponent ratumed in the re-
sult will be 128 grealer or smaller than its true value.

Many of the funclions use portions of the data stack as
scraich storage during devalopment of the results. Thus pre-
vious valuas in those stack locations will be lost. Scratch loca-
tions deslroyed are listed in the command descripions and
shown with the crossed-out locations in the Stack Coments
After diagram.

Table 1 is a summaiy of all the Am9511A commands. It shows
the hex codes for each comimand, the mnemonic abbreviation, a
brief description and the axecution ime in clock cycles. The
commands are grouped by functional classes.

The command mnemonics in aiphabetical order are shown
below in Table 2.

Table 2.
Command Mnemonice In Aiphabetical Order.

ACOS ARCCOSINE

ASIN ARCSINE

ATAN ARCTANGENT

CHSD CHANGE SIGN DQUBLE
CHSF CHANGE SIGN FLOATING
CHSS CHANGE SIGN SINGLE
Cos COSINE

DADD DOUBLE ADD

DDV DOUBLE DIVIDE

DML DOUBLE MULTIPLY LOWER
DMUU DOUBLE MULTIPLY UPPER
psuB DOUBLE SUBTRACT

EXP EXPONENTIATION (e*)
FADD FLOATING ADD

FDIV FLOATING DIVIDE

FIXD FiX DOUBLE

FIXS FIX SINGLE

FLTD FLOAT DOUBLE

FLTS FLOAT SINGLE

FMUL FLOATING MULTIPLY
FsuB FLOATING SUBTRACT

LOG COMMON LOGARITHM

LN NATURAL LOGARITHM

NOP NO OPERATION

POPD POP STACK DOUBLE

FOPF POP STACK FLOATING

POPS POP STACK SINGLE

FTOD PUSH STACK DOUBLE

PTOF PUSH STACK FLOATING

FTOS PUSH STACK SINGLE

PUPI PUSH o

PWR FOWER (X"}

SADD SINGLE ADD

SDIv SINGLE DIVIDE

SIN SINE

SMUL SINGLE MULTIFLY LOWER
SMUU SINGLE MULTIPLY UPPER
SQRT SQUARE ROOT

ssUB SINGLE SUBTRACT

TAN TANGENT

XCHD EXCHANGE OPERANDS DOUBLE
XCHF EXCHANGE OPERANDS FLOATING
®CHS EXCHANGE OPERANDS SINGLE
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ACOS

32-BIT FLOATING-POINT INVERSE COSINE
7 6 5 4 3 2 1 0

BinaryCoding:#srlO]OiLO'oL1 J1]o#'
Hox Coding: 66 with sr =1
06 wilh sr = 0
Execution Time: G204 to 8284 clock cycles
Description:

The 32-bit floating-point operand A at the TOS is replaced by the
32-bit floating-point inverse cosine of A. The result R is a value in
radians between 0 and « . Mnitial operands A, B, C and D are lost.
ACOS will accept all input data vafues withinthe range of -1.010
+1.0. Values guiside this range will return an error code of 1100
in the status register.

Accuracy: ACOS exhibits a maximum relative error of 2.0 x

10~7 over the valid input data range.

Status Attected: Sign, Zero, Emor Figld

ATAN

32-BIT FLOATING-POINT
INVERSE TANGENT

7 & & 4 3 2 1 0

BinaryCoding:‘sr'nlﬂTO‘n’1111 4

Hex Coding: 67 with sr = 1

07 with sr = O
Execution Time: 4992 to 6536 clack ¢ycles
Description:

Tr.a 32-Dit hoating-point operand A at the TOS is replaced by the

32-bit flpating-pointinverse tangent of A. The result A is a valuein

radians between — /2 and +m/2. Instial operands A, C and D are

lost. QOperand B is unchanged.

ATAN will accept allinput data values that can be represented in

the floating point 1omat.

Accuracy: ATAN exhibits a maximum relative eror of 3.0 x
107 over the input data range.

Status Affected: Sigh, Zero

STACK CONTENTS STACK CONTENTS
BEFORE AFTER BEFORE AFTER
‘ A TO8 R A J—TO8 —= R
8 B B
c C e
D D e
e 33 —— ft—— 32 ——=] I ag | 32 .

ASIN

32-BIT FLOATING-POINT INVERSE SINE

7 4 5 4 3 2 1 0
Binary Ceding: [sr Jo [0 JoJ o] 1 Jo] 1]

Hex Coding: 85 withsr = 1

05 with sr = (¢
Execution Time: 6230 (o 7938 clock Cycles
Description:

The 32-bit floaling-point operand A at the TOS is replaced by the

32-bit flvating-point inverse sine of A. The rasult R is a value in

radians betwaen — w2 and +7/2. Initial operands A, B, C and D

are lost.

ASIN will accep! ali inpul data values within the range of —1.0 1o

+1.0. Values outside this range wilk return an arror code of 1100

in the status register.

Accuracy: ASIN exhibits a maximum relative error of 4.0 x
10~7 over the valil input data range.

Status Atfected: Sign, Zero, Error Field

CHSD

32-BIT FIXED-POINT SIGN CHANGE
7 6 5 4 3 2 i 0

Binary Coding: [sr [0 [ 1 [ 1] 0 [+ [0 | 0]
Hex Coding: B4 with st = 1

3dwithsr=0
Execution Time: 26 1o 28 clock cycles
Dascription:
The A2-bit fixed-point wo's complement integar operand A at
the TOS is subtracted from zerc. The resuit R replaces A at
the TOS. QOther enitries in the stack are not disturbed.
QOverflow siatus will be set and the TOS will be returned un-
changed when A is input as the mosl negative value possibie
in the format since no positive equivalent exists.
Status Affacted: Sign, Zera, Ercor Field (overflow)

S$TACK CONTENTS STACK CONTENTS
BEFORE AFTER BEFORE AFTER
A TOS R A TOS R
B 8 B
C C c
[s] D D
for——— 32— fo———32 | I 32 I 32
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CHSF

32-BIT FLOATING-POINT SIGN CHANGE

7 [ 3 4 3 2 1 0
Binarycoding:|sr [ 0 | ] ] 1 | 0 | 1io| 1 J
Hex Coding: 95 with 5T = 1

15 with 5¢ = 0
Executiort Tima&: 16 to 20 clock cycles
Description:

The sign of the manlissa of the 32-bit fioating-point operand A at
the TOS is inverted. The result B replaces A at the TOS, Other
stack entries are unchanged.
M A is inpul @s zero (mantissa MSB = 0), no change is made.
Status Affected: Sign, Zero

AmISTA

COS

32-BIT FLOATING-POINT COSINE

7 8 5 4 3 2 1 D
Blnarycodlng:]isr[0|0|0‘0|0[1|u
Hex Coding: 83 withsr = 1

03 withsr = 0
Execution Time: 3840 1o 4878 clock cycles
Description:
The 32-bit floating-pomt operand A at the TOS is replaced by
R, the 32-bit foating-point cosine of A. A is assumed 1o be in
radians. Operands A, C and D are jost. B is unchanged.
The COS lunction can accept any inpul data value that can
be representad in the data format. All input values are range
reduced o fall within an interval of —#/2 to +n/2 radians,

STACK CONTENTS Accuracy: COS exhibits a maximum relalive ereor of 5.0 x
BEFORE AFTER 10~ for all input data values in the range of -2z
N to +2r radians.
r A TOS R Status Affected: Sign, Zero
B B
c c STACK CONTENTS
BEFORE AFTER
D = A TOS | R
~— i |
F 32 -l b———12 | !
B8 B
c Pl
o)
CHSS 52— J———— 37—

16-BIT FIXED-POINT SIGN CHANGE

7 ] § 4 3 2 1 0
Blnarycoding:!sr|111f1]0|1 IO] OJ
Hax Coding: F4 with 8r = 1

74 withsr = 0
Execution Time: 22 10 24 clock cycles
Description:

16-bit fixea-point two's complement integer operand A at the TOS
is subtracted from zero. The result R replaces A at tha TOS. All
ofher operands are unchanged.

Ovarflow status will ba set and the TOS will be retumed un-
changed whah A is iInput as the most negative value possibie in
the format since no positive squivalent exists.

Stalus Affected: Sign, Zero, Overflow

STACK CONTENTS
BEFORE AFTER
A TOS R
B B
c C
(v] D
& E
F F
G G
H H
b 15— f— 16 —==
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DADD

32-BIT FIXED-POINT ADD

7 6 5 4 3 2 1 0
Blnaryc-oding:]sr‘{}i‘l |0|1| 1l0| Ol
Hex Coding: AC withsr = 1

2C withsr = @
Execution Time: 20 fo 22 clock cycles
Description:

The 32-bit fixed-point two's complement integer aperand A atthe
TOS is added to the 32-bit fixed-point Iwo's complement integer
operand B &l the NOS. The resull Rt replaces operand B and the
Stack is moved up s0 that R oocupées the TOS. Operand B is lost.
Operands A, C and D are unchangad. If the addition generates 2
cany it is reported in the slalus register.

I the rasult is 100 large to be represented by the data format, the
least significant 32 bits of the result are retumed and averflow
status is reported.

Status Affected: Sign, Zero, Cairy, Errar Field

STACK CONTENTS

BEFORE AFTER
A 108 R
B C
¢ 0
] 0 A
f az | [P Y
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DDIV

32-BIT FIXED-POINT DIVIDE

T B 5 4 3 2 1 0
BinaryCoding: (st [ o [ 1 [o [ 1] 1 1] 1]
Hex Coding:  AF with sr = 1

2F with sr =

Execution Time: 196 10 210 clock oycles whan A = 0

18 clock cyctes when A = 0.,
Desgcription:
The 32-bit fixed-point twa's complement integer operand B at
NOS is divided by the 32-bit fixed-point two's complemant in-
teger operand A at the TOS. The 32-bit infeger quotient R re-
places B and the stack is moved up so that R occupies the
TOS. No remainder is genevated. Operands A and B arg lost.
Opwrands C and D are unchanged.
If A is zero, R is set equal to B and the divide-by-zero error
stadus will be reported. If either A or B is the most negative
value possible in the format, R will ¢ meaningless and the
overilow enor staius wilt be reported.
Status AHectad: Sign, Zero, Eror Figld

seFoRe  STACK CONTENTS AFTER
A —— TS — A
B c
c D
o e
! 3z { F 32

DMUL

32-BIT FIXED-POINT MULTIPLY, LOWER

7 & 5 4 3 2 1 o
Binary Coding: | st [ 0 [ 1 | o[ 1 [ 1 [ 1] o]
Hex Coding:  AE with sr = 1

2E with 5r = 0
Execution Time: 194 to 210 clock cycles
Description:

The 32-bit fixed-point two's compdemnent integer operand A at the
TOS is muttipied by the 32-bit fixed-point two's complerment in-
teger operand B at the NOS. The 32-bit least significanst half of the
pmduct R replacas B and the stack is moved up so that R oc-
cupas the TOS. The most significart half. of the product is lost
Operands A and B are kost. Operands C and O are unchanged.
The overflow status bil is set if the discarded upper half was
nor-zeto. If eithet A or B is the most negative value that can
be representad in the format, that value is returned as R and
the overfiow status is set.

Status Affectad: Sign, Zero, Overfiow

DMUU

32-BIT FIXED-POINT MULTIPLY, UPPER

7 § 5 4 3 2 1 0
Binary Coding: [ s | 0 [ 1 ] 1 [o 1] (] o]
Hex Coding: B6 with sr = 9
36 with 5¢ = 0
Execution Time: 182 to 218 clock cycles
Description:

The 32-bit fixed-point two's complement integer operand A al
the TOS is multiplied by the 32-bil lixed-point two's comple-
ment integer cparand B at the NOS. The 32-bit most signifi-
cant half of the product R replaces B and the stack 15 moved
up 50 that R occupies the TOS. The least significant half of
the product is lost. Operands A and B are kost. Operands C
and D are unchanged.

IF A or B was the most negative value possible in the format,
overflow status is set and R is meaninglass.

Status Affected: Sign. Zero, Overflow

STACK CONTENTS

BEFORE AFTER
A TOS R
B c
c D
B D |
L J i —
| 3z | 32

DSUB

32-BIT FIXED-POINT SUBTRACT

7 G 5 4 3 2 1 0
Binary Coding: | s | 0 [t Jo [ 1110 1]
Hex Coding:  AD with sr = 1
2D with sr = 0
Execution Time: 38 o 40 clock cycles
Description:

The 32-bit fixed-point two's complement operand A at the
TOS is sublracied from the 32-bit fixed-paint two's comple-
ment operand B at the NOS. The difference R replaces
operand B and ke stack is moved up s0 that R occupies the
TOS. Operand B is lost. Operands A, C and D are un-
changed,

If the subtraction generates & borrow it is reported in the carry
status bit, If A is the most negative valus that can be rep-
resented in the format the overflow status is set. I the result
cannot be representad in the data format range, the overflow
tit is set and the 32 least significant bilts of the resul! are re-
turned as A.

Statug Affected: Sign. Zero, Carry, Qverflow

serorg  STACKCONTENTS serong  STACKCONTENTS
A — 705 —] A A TOS R
B c B c
c o c o
D o ] [ A
| 32 | |32 ) 32 | [ 32—
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EXP

32-BIT FLOATING-POINT ¢*

7 6 5 4 3 2 1 0
BinawCoding:|sr]_o|o | n i 10 1] 0]
Hex Coding:  8A with sr = 1

OA with sr = §

Execution Time: 3794 to 4878 clock cydles tor JAl < 1.0 x 25
34 clack cycles for 1Al = 1.0 x 2°

Des=cription:

The base of natural logarithms, g, is raised to an exponent value

specified by the 32-bit floating-point operand A at the TOS. The

result R of ¢ replaces A. Operands A, C and D are lost. Operand

B is unchanged.

EXP accepts all input data values within the range of —1.0 x 242

to +1.0x2* 5 input values outside this range will retun a code of

1100 in the arror field of the stalus regisies.

Accuracy: EXP exhibits a maximum relative error of 5.0 x
1077 over the valid input data range.

Status Affected: Sign, Zero, Eror Figld

AmoSTIA

FDIV

32-BIT FLOATING-POINT DIVIDE

'?_ & 5 4 3 2 1 __D
Binary Coding: [sr j 0 [ o |1 Jo] o[ 1] 1]
Hex Coding: 93 with sr = 1

13 with sr = 0

Execution Time: 154 to 184 clock cycles for A = 0

22 clock cycles for & = 0
Description:
32-bit fioating-point opgrand B at NOS is divided by 32-bil
fioating-point operand A at the TOS. The result A replaces B and
the stack is moved up so that R occuples the TOS. Operands A
and B are lost. Operands € and D are unchanged.
If operand A is zaro, R is set equal to B and the divide-by-zZeto
esror is reporied in the slatus regisler. Exponenl overflow or
underflow is reported in the status register, in which case the
mantissa portion of the rasuflis correct and the exponent portion
is offset by 128.
Status Affected:; Sign, Zero, Error Field

BEFORE  SYACK CONTENTS AFTER
A TOS n
s B
c |
D | -
! 32 | I 32 |

FADD

32-BIT FLOATING-POINT ADD

7 [} 5 4 3 2 1 0
BinaryCodng:\sr‘O‘IO}1|D|0\0]UI
Hex Coding: 90 with sr = 1

10 withsr =0

Execution Twme: 54 1o 368 clock cycles for A = 0

24 clock cycles for A = 0
Description:
32-hit floating-point operand A at the TOS is added o 32-bit
figating-paint operand B at the NOS. The result R replaces B and
the stack iz moved up so that R occupies the TOS. Operands A
and B are lost. Operands € and D are unchanged.
Exponent alignment before the addition and normalization of the
result accounts for the variation in executlon time. Exponent
overflow and undedfiow are reported in the status register, in
which case the mantissa is correct and the exponert is offset by
128,
Status Aftected: Sign, Zero, Error Field

BEFORE  -1HCK CONTENTS AFTER
A le—T108— R
B c
c D
D el
. 32 i [———3—e]

FIXD

32-BIT FLOATING-POINT TO
32-BIT FIXED-POINT CONVERSION

7 6 5 4 3 2 1 0
BinatyCodIng:'grEOloL1 [1 L1[1|0|
Hex Codlng:  9E with sr = 1

1E with sr = 0
Execution Time: 90 to 336 clock cycles
Description:

32-bit toating-peint operand A at the TOS is converted 10 a
32-bit fixed-point wo's complement intager. The result R re-
ptaces A. Operands A and D are lost. Operands B and C are
uncharged.

If the integer portion of A is larger than 31 bits when cov-
verted, the overilow status will ba set and A will not be
changed. Qperand D, hawever, will still be lpst.

Status Affected: Sign, Zero Ovartiow

BEFORE  ©TACK CONTENTS AFTER
A TOS —»= R
B c
¢ 5]
D
} 32 - I 32
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A TOS R
B 6
c c
D ___:}{___‘_‘\_‘
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FIXS

32-BIT FLOATING-PCINT TO
16-BIT FIXED-POINT CONVERSION

7 g &5 4 3 2 1 i)
Binarycoding:|sr|0|0i1|1i1Ili1|

Hex Coding: 9F withsr =1t

1Fwithgr = 0
Execution Time: 90 to 214 clock cycles
Description:

32-bit floating-point operand A at the TQOS is converted o a
16-bit fixed-point two's complement integer. The result R re-
places the lower half of A and tha stack is moved up by two
bytas s¢ that R accupies the TOS. Operands A and D are
lost, Operands 8 and  are unchanged, but appear as upper
{u} and lower (I} halves on the 16-bit wide stack if they are
32-hil operands.

If the integer postion of A is larger than 15 bits when con-
verted. the overflow status will be set and A will not be
changed. Operand O, however, will still be lost.

Status Affected: Sign, Zero, Overfiow

BEFORE STACK CONTENTS AFTER
A - —— TOS—— ] R
B Bu
c =]
D Cu
pa——— 32— Cl

=<

F— 16 —e=]

FLTD

32-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

7 65 5 4 3 2 1 0
BinaryCoding: [sr [0 [0 [ 1 [1 [ o] o

Hex Coding:  9C with sr = ¢

1C with st = @
Execution Time: 56 to 342 clock cyctes
Description:

32-bit fixed-point two's complement integer operand A at the TOS
is converted 1o a 32-bit floating-point number, The result R re-
places A atthe TOS. Operands A and D are lost. Oparands B and
C are unchanged.

Status Aftected: Sign, Zero

BEFORE STACK CONTENTS AFTER

FLTS

16-BIT FIXED-POINT TO
32-BIT FLOATING-POINT CONVERSION

? 6 5 4 3 2 1 0
Binary Coding: | sr [ 0 [o [ 1 [ v [1 o |t

Hex Coding: 90 withsr = 1

1Dwithsr =0
Execution Time: 62 to 156 clock cycles
Description:

16-bit fixed-point two's complement inleger A af the TOS is
convaned to a 32.bit floating-point number, The lower half of the
result R () replaces A, the upper half (Ru) replaces H and the
stack is moved down s that Ru accupies the TOS. Operands A,
F. G and H are kst Operands B. C, D and E are unchanged.
Stalus AMected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A |le—— T0S Ru
B Rl
c B
D C
E 1]
F E
G el
H

bo— 16 —d b 15—

FMUL

32-BIT FLOATING-POINT

MULTIPLY
7 6 5 4 3 2 ¥ 0
Binary Coding: | sr [0 |0 [ 17070 [1]al
Hex Coding: 92 withsr =1
12 withsr = 0
Execution Time: 146 to 168 clock cycles
Dascription:

32-bit floating-point operand A at the TOS is multiplied by the
32-tnt floating-point opsrand B atthe NOS. The normalized result
R replaces B and the stack is moved up’ se that R occupies the
TOS. Operands A and B are lost. Operands C and D are un-
changed.
Exponant overfiow of undertiow is reperied n the status reqister,
in which case the mantissa portion of the result is correct and the
exponent portion 1s offset by 128.
Status Affected: Sign, Zero, Error Field

STACK CONTENTS

T0S R |

Blo|lo| w|»
O

BEFORE AFTER
! A - TOS —n! A
e B c
c D

D ____,...-::-""'-—-—-..._,_‘___‘___

} 32 } 32 |




FSUB

32-BIT FLOATING-POINT SUBTRACTION

7 6 5 4 3 2 t 0
Binaryc.odiﬂg:[sr| D[Ol ! |010 u| 1 ’
Hex Coding: 91 with sr = 1

11 withsr = 0

Expcution Time: 70 to 370 clock eycles for A £ 0D

26 clock cyclas for A = 0
Deacription:
32-bit floating-paint oparand A at the TOS is subtracted from
32-bit flgating-point operand B at the NOS. The nomnalized
differance R replaces B and the stack is moved up so that R
occupies the TOS. Operands A and B are lost. Oparands C
and D are unchangad.
Expanent alignment before the sublraction and normalization
of the result account for the variation in execution time.
Exponent overfiow or undesflow is reporied in the stalus regis-
ter in which case the mantissa portion of the resuli is correct
and the exponent partien is offsel by 128.
Status ABected: Sign, Zero. Errov Field {overflow)

STACK CONTENTS

BEFORE AFTER
A TS R
B c
C D
| D N —\_<‘|
! 32 | a2 |

AmISNA

LN

32-BIT FLOATING-POINT

NATURAL LOGARITHM
7 6 5 4 3 2 1 ©
Binary Coding: sr [0 [o [ o [ 1 [o o] 1]
Hex Coding: 89 withsr = 1
09 with sr = @

Execution Time: 4208 to BY56 clock cycles for A = 0
20 clock cyclers for A< Q
Destription:
The 32-bil fioating-point operand A at the TOS is replaced by
R, tha 32-bit fleatimg-peint naiural logarithm {base e) of A,
Qpetands A, C and D gre lost. Qperand B is unchanged.
The LN tunction accepts afl positive inptd data values that can
be represented by the dala format. (f LN of a non-positive
numbsar is attermpted an error status of 0100 is returned.
Accuracy: LN exhibits a maximum absolute emor of 2 x 1077
for the input range trom e~ to e, and a maximum
relative error ol 2.0 x 1077 for positive values less
than ¢ " ar greater than e.

Status AHtected: Sign, Zero, Error Field

STACK CONTENTS

LOG

32-BIT FLOATING-POINT
COMMON LOGARITHM
5

7 6 4 3 2 1 ¢
Binary Coding: [sr [ 0 [0 Jo [ 1[0 ] 0] 0|
Hex Coding: 88 withor = 1

OB withsr = 0Q

Execution Time: 4474 to 7132 clock cycles for A = 0
20 clock cycles for A = 0

Description:

The 32-bil fioatng-point operand A at the TOS is replaced by R,

the 32-bil floating-paint cormmon logarithm (base 10) of A.

Oparands A, G and D are lost, Operand B is unchanged.

The LOG fundlion actepts any positive inpul data value that can

be represented by the data format, It LOG of a non-positive value

is attempted an error status of 0100 is relurned.

Accuracy: LOG exhibits a maximum absolutesrror of2.0x 1077
for the input range from 0.1 t0 10, and a maximum
relative error of 2.0 x 1077 for positive values less
than 0.1 or greater than 10.

Status Affected: Sign, Zero, Eror Field

BEFORE  STACK CONTENTS  AFTER
S -
— "
c
D
be—— 32— DY —

e

BEFORE AFTER
A — TOS —w R
B ’ B
c et
b e
I 32 I | 32 -]
NO
QOPERATION
7 6 5 4 a 2 1 0
Ginary Coding: | s [ 0 o o [0 [0 [o ] 0]
Hex Coding: 80 with sr = 1
00 with sr = 0
Execution Time: 4 clock cycles
Description:

The NOP command performs no internal data manipulations. 1
may be used 10 3ot or clear the service request intarface ling
without changing the contents of the stack.

Status Affected: The stalus byle is clearad 10 all zeroes.
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POPD

32-BIT
STACK POP
7 [ 5 4 3 2 1 a

BinaryCoding:‘s:rlCl“l] 1_[110]0i0|
Hex Coding: 88 with sr = 1

38 withsr =0
Execution Time: 12 clock cycles
Description:

The 32-bit stack Is moved up so that the old NOS becomes the
new TOS. The previous TOS rotates ko the botiom ol the stack. All
operand values are unchanged. POPD and POPF execule the
same operation.

Status Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER

A 108 B

) c

c 0

o A
} a2 | a2 -

32-8IT
STACK POP
7 6 5 4 3 2 t 0

Binary Coang: [sr [0 [0 [ 1 [ 1] 0o o]

Hex Coding: Bwithsar =1

18 withsr = 0
Exacution Time: 12 clock eycles
Description:
The 32-hit stack is moved up 5o that the old NOS becomas the
naw TOS. The ok TOS rotates ¥o the botiom of the stack. ANl
operand values are unchanged. POPF and POPD execute the
same operation.
Status Affected: Sign, Zero

STACK CONTENTS

POPS

16-BIT
STACK POP
7 6 5 4 3 2 1 0

BinawCodim:Ieri l 1 i i ' 1 l o] ! (J—[O—l
Hex Coding: F3 with sr = 1

T3 withsr = Q
Execution Time: 10 clock cycles
Des¢ription:

The 16-bit stack is moved up so that the oid NOS becomes the
new TOS, The previous TOS rotates to the battom of he stack. All
operand values are unchanged.

Statlus Atfected: Sign, Zero

STACK CONTENTS
BEFORE AFTER
A TOS B
B c
c D
D E
E F
F G
a H
H A
er— 16—l b 15—

PTOD

PUSH 32-BIT
TOS ONTO STACK

g

1]

7 6 5 4 3 2 i

Binary Coding: |_er_0 J_i | 1 | 0 [ 1 J_1 |
Hex Coding: BY with sr = 1

37 withsr = 0
Execution Time: 20 clock cycles
Description:
The 32-bit stack is moved down and the previous TOS is
copied o the new TOS location. Operand D is lost. All cther
oparand values ars unchanged. PTOD and PTOF axacute the
samea operation,
Status Atfected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A e TOS o= B
8 c
¢ )
0 A
| 32 - ———az——]

7-80

BEFORE AFTER
A TOS A
B A
¢ 8
) o]
——— 32— f az |




PTOF

PUSH 32-BIT

TOS ONTO STACK

F 6 &5 4 3 2 1 0
BinaryOodlng:[sr|0|O!1|U|1 |1|1|
Hex Coding: 97 withsr =1

17 withsr = 0
Execution Time: 20 clock cycles
Dascription:

The 32-bit stack is moved down and the previous TOS i coplad
into the new TOS kocation. Qperand D is lgst. AH other operand
values aré unchanged. PTOF and PTOD axecuts ihe same op-
eration,

Status Affected: Sign, Zero

AmSs11A

PUPI

PUSH 32-BIT
FLOATING-POINT 77

7 6 5 4 3 2 1 0
Binary Coding: | st [0 [0 [1 [ 1 [o |11 0]

Hex Coding:  9A withsr = 1

TAwithsr =0
Execution Time: 16 clock cycles
Description:

The 32-bit stack is moved down so thal the previous TOS oc-
cupigs the new NOS lacation, 32-bit fioating point constant « is
entered into the new TOS location. Operand D is lost. Operards
A, B and € are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS

STACK CONTENTS
BEFORE AFTER
A TOS A
B A
c B
0 ¢
F a2 | I 32
PUSH 16-BIT
TOS ONTO STACK
7 6 5 4 3 2 1 0
ginary Coding: [ st | 1 [ 1 [ 1 Jo [t [+]1]
Hax Coding: F7 withsr =1
77 with sr = 0
Execution Time: 156 clock cycles
Description:

The 18-bil stack is moved down and the previous TOS is copied
into the new TOS location, Operand H is lost and all other
operand values are unchanged.

Status Atfected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A TOS A
8 A
C B
D c
E D
F E
G F
H G
b 16 —=] e 1 =

781

BEFORE AFTER
A TOS Ed
B A
C B
1] o]
[ 32 t a2 |
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PWR

32-BIT y
FLOATING-PQOINT X
7 -] 5 4 3 2 1 o]

Binary Coding: [sr [0 0 o[ 1[0 { 1] 1]
Hex Coding: BB with st = 1

0Bwthsr =0
Execution Time; 8290 (o 12032 clock cycles
Description:

32-bil loating-point operand B at the NOS is raised lo Ihe power

specified by the 32-bit floating-point operand A at the TOS. The

resuit R of B replaces B and the stack is moved up so that R

occupies the TOS. Operands A, B, and D are losi. Operand C is

unchanged.

The PWR function accepts all input data values that can be

represented in the data format for operand A and all posilive

values for operand B. It operand B is non-positive an errar stalus

of 0100 will be retumed. The EXF and LN functions are used 1o

implement PWR using the ratationstip B* = EXP [AlLN B}].

Thus it the term [A(LN B}] is outsice the range of -1.0x 215 {0

+1.0x2* % an arror status of 1100 will be retumed. Underflow and

overflow conditions ¢an ocour.

Accuracy: The erar performnance for PWH is a lunction of
the LM and EXP performance as expressed by:
kReiative Errorlpwel=[(Relstive Enotigxp A{Absolule
Errar) |
The maximum relative error for PWR occurs when
A is at its maximum value while [A(LN B)] is near
1.0 x 2% and the EXP error is aiso at its maxi-
mum. For most practical applications the relative
etror for PWR will be tess than 7.0 x 1077,

Status Affected: Sign, Zero, Error Field

STACK CONTENTS
BEFORE AFTER
A -~ TO§ —= R
8 c
c e
= =
3 | | 3z |

782

SADD

16-BIT
FIXED-POINT ADD

7 6 - 4 3 2 1 0
Binary Coding: [ se | 1 [ 1| o | 1|1 |00
Hex Coding:  EG witit 1 = 1
6C with sr = 0
Execution Time: 16 t0 18 clock cycles
Description:

16-0it fixed-point two's complemant integer operand A at the
TOS is added to 16-bit fixed-point two's complement integer
operand B at the NOS. The rasult R replaces B and the slack
iz moved up so thal R occupies the TOS. Operand B iz lost.
All gther pperands are unchanged.

If the addition generates a carry bit it is repored in the siatus
register. I an overflow occurs i is reporied in the status regis-
ter and tha 16 least significant bits of he result are returned.
Status Affected: Sign, Zero, Carry, Errar Fiekd

STACK CONTYENTS
BEFOQRE AFTER
A TOS R
B c
C D
o E
E F
F G
G H
H A
lo— 15— b 16—




SDIV

16-BIT
FIXED-PQINT DIVIDE

7 € 5 4 3 2 t 0
BinaryCodIng:lsr|1|1|u|1|1|1|1|
Hax Coding: EF with sr = 1

6F with sy = 0

Execution Time: 84 to 94 clock cyclesfor A # 0

14 clock cycles for A = 0
Description:
16-bit fixed-point two's complement integer operand B at the
NOS is divided by 16-bit fixed-point two's complement integer
operand A at the TOS. The 16-bit integer quotien! R replaces B
and the stack is moved up so that R occuples the TOS. No
remainder is generated. Operands A and B are lost. All other
operands are unchanged.
If A is zero, A will be set equal to B and the divide-by-zere emor
status will be reported.
Status Affected: Sign, Zero, Erar Figld

STACHK CONTENTS
BEFORE AFTER
A TOS R
B c
C D
D E
E F
F G
G H
H
~— 16— b— 16—
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SIN

32-BIT
FLOATING-POINT SINE

7 6 5 4 3 2 1 0
Binary Coding: [er [0 [0 [0 [o o] 1] o]

Hex Coding: 82 withsr =1
Ewithsr =0
Execution Time: 3796 to 4808 clock cycles for 1Al > 212
radians
30 clock cycles for |Al = 2777 radians
Deascription:

The 32-bit floating-point operand A al the TOS is replaced by

A, the 32-bit floating-point sine of A. A is assumed 10 be in

radians. Operands A, C and D are lost. Operand B is un-

changed.

The SIN function will accept any input data value thal can be

represented by the data format. All input values are range re-

duced to fall wilhin the interval - 72 10 +x/2 radians.

Accuraty: SIN exhibits a maximum relative emor of 5.0 x
1077 for inpul values in the range of —27 to ~2n
radians,

Stiatus Affected: Sign, Zero

STACK CONTENTS

BEFORE AFTER
A - TOS —= A
B 8
c e
D
} 32 | } 3z |
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SMUL

16-BIT FIXED-POINT
MULTIPLY, LOWER

7 3 5 4 3 2 1 0
BinaryCosing:{ s [ 1 T Jol v [ 1] 1] o]
Hex Coding: EE withsr =1

BE with sr = 0
Exscution Time: B4 o 34 clck cycles

Description:

16-bit fixed-point iwo's complement integer operand A atthe TOS
is multiplied by the 16-bit fixgd-point two's complement integer
operand B at the NOS. The 18-bit laast significant half of the
protuct A repiaces B and the stack is moved up so that R
occupies the TOS . The most significant half of the product is kst
Operands A and B are lopst. All other operands are unchanged.
The overlow siatus bit is set if the discarded wpper hatf was
non-zevo. i either A or B is the most negative value that can be
reprasgnted in the format, that vatue is returned as A amd the
overflow glatys is set.

Status Aected: Sign, Zero, Error Field

STACK CONTENTS

BEFORE AFTER
A TOS R
8 o]
o] D
2] E
E F
F G
r] H
H

b 16—l 1~

784

SMUU

16-BIT FIXED-POINT
MULTIPLY, UPPER

7 [} 5 4 3 2 1 0
Binary Coding: s | 1 |3 |1 101 ]1] o]
Hex Coding: F& with sr = 1

16 with sr = 0
Exscution Time: 80 to 98 clock cycles
Description:

16-bit fixed-point two's complement integer oparand A at the
TOS is multiplied by the 16-bit fixed-point two's complement
integer operand B at the NOS. The 16-bit mesl significant half
0i 1ve product R replaces B and the stack is moved up so that
R occupigs the TOS. The least significant half of the product
is lost. Operands A and B are Jost. All giher operands are un-
changed.

If either A or B is ihy most negative value that can be rep-
resented in the formatl, that value is returned as R and the
overfiow slatus is set.

Status Affected: Sign. Zero. Error Fisld

STACK CONTENTS
BEFORE AFTER
A TOS R
8 c
¢ D
D E
E F
F G
G H
H
re— 46 —a-i F—1§ —==




SQRT

32-BIT FLOATING-POINT SQUARE ROOT

7 6 5 4 3 2 1 0
Binary Coding: [ st [0 Jo Joa [0 [0 o | 1]

Hox Coding: 8t with sr = 1

01 withsr = 0
Execution Time: 732 to 870 clock cycles
Description:

32-bil Hoating-point opesand A at the TOS is replaced by R, the
32-bit floating-point square ract of A, Operarkis A and D are lost.
Operands B and C are not changed.

SQRT wilk accept any non-negative inpul data value that can be
reprasentad by the data format. i A is negative an error code of
0100 will be reliwned in tha status register.

Statug Affected: Sign, Zero, Eror Fisld

BEFORE  STACK CONTENTS AFTER
A TOS R
B B
c c
D
| 32 32 |

| I
16-BIT FIXED-POINT SUBTRACT

7 6 5 4 3 2 1 0
BinaryCuding:|sfi1|1|°|‘]1|°t1|

Hex Coding: ED with sr =1

6D withsr=0
Execution Time: 30 1o 32 clack cycles
Description:

16-bit fixed-point two's complement inleger operand A at the
TOS is subtracted from 16-bit fixed-point two's complement in-
teger operand B at the NOS. The result R replaces B and the
stack is moved up so that R occupies the TOS. Operand B is
lost. All other operands are unchanged.

If the: subtraction ganerates a borrow it is reported in the carry
status bit. If A is the most negative value that can be rap-
rasented in the format the overfiow status is set. it the rasult
cannot be reprasented in the format range, the overflow
slatus is set and the 16 least signilicant bits of the result are
returned as B.

Status Affected: Sign. Zero, Carry, Error Field

BEFORE STACK CONTENTS AFTER
A TOS - R
B c
G D
(] E
£ F
F G
G H
H A
b 1§ —e- b 16—
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TAN

32-BIT FLOATING-POINT TANGENT

7 6 5 4 3 2 1 0
Binary Coding: [sr [0 |0 [0 [0 ]| 1 ]o ] o]
Hex Coding: 84withsr =1
04 with 5¢ = O
Execution Time: 4894 to 5886 clnck cycles for |Al = 2712

radians
30 clock cycles for 1Al = 272 radians

Description:

The 32-bit floaling-point operand A al the TOS is replaced by

the 32-bil fioating-point langent of A, Operand A is assumed

o be in radians. A, C and D are lost. B is unchanged.

The TAN function will accept any inpul data value thak can be

represented in the dala format. All input data values are

range-reduced to fall within —m/4 to + /4 radlans. TAN is un-

bounded 1or input values near odd multiples of =/2 and in

such cases the overflow bit is set in the siatus register. For

angles smaller than 2772 radians, TAN.returns A as the tan-

gent of A.

Accuracy: TAN exhibits a maximum relative emror of 50 x
10~ for input data values in the range of =2x 10
+ 27 radians except for data values near odd mul-
tiples of =/2.

Status Affected: Sign, Zero, Error Field {overtlow)

BEFORE  STACK CONTENTS AFTER
A TOS R
B B
c
D
I 32 I a2

XCHD

EXCHANGE 32-BIT STACK OPERANDS

7 6 § 4 3 2 1 o}

Binary Coding: [sr {0 [1 [ 1 [ 1 [o [ o] 1]
Hex Coding: B9 with sr = 1

39 withsr = O
Execution Time: 26 clock cycles
Description:
32-bit operand A at the TOS and 32-bil aperand B at the NOS
arg exchanged. After sxecution, B is at the TOS and A is at
the NQS. All operands are unchanged. XCHD and XCHF
axocute the same oparation.
Status Affected: Sign, Zewo

BEFORE STACK CONTENTS AFTER
A TOS B8
B A
c c
D D
32 32
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XCHF

EXCHANGE 32-BIT
STACK OPERANDS

7 6 5 a4 3 2 1 0
BinaryCodlng:Isr'!O }0'1 |1|0i0]1!
Hax Coding: 99 with sr = 1

19withsr =0
Execufion Time: 26 cloux cycles
Description:

32-bit operand A al the TOS and 32-bit operand B at the NOS
arg exchanged. Afier execution, B is at the TOS and A is at
the NOS. All operands are unchanged. XCHO anag XCHF
execute the same operalion,
Status Affected: Sign. Zero

STACK CONTENTS
BEFORE AFTER
A TOS B
B A
c c
o D
. 32 | . 32 |
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XCHS

EXCHANGE 16-8IT
STACK OPERANDS

T 8 §5 4 3 2 1 0
BinawCodlng:]sr|1|1'|1i1i010|1]
Hax Coding: F9wihsr =1

T9withst = 0
Exscution Time: 18 clock cytles
Description:

16-bil operand A at the TOS and 16-bit operand B at the NOS
are exchanged. After execulion, B s al the TOS and A is at
the NOS. All operand values are unchanged.

Status Affected: Sign, Zero

STACK CONTENTS
BEFORE AFTER

[ A }e———0s B |

B A

c c

D )

E E

F F

G G

H H
b 16— f— 15—




MAXIMUM RATINGS beyond which usetul life may be impaired

AmOSTIA

Slorage Temperature -65°C to +150°C
Ambient Tamperature Undear Bias ~58°C to +125°C
VDD with Raspact ta VES —D5V to +15.0V
WVCC with Respact 1o VSS ~0.5V 0 +7.0V
All Signal Vollages with Respect 1o VS5 -0.5V lo +7.0V
Power Dissipation {Package Limitation) 2.0W

The prkiuets described by this specification include internal circuilry designed to protect input devices from damaging accumulations of
statk; charge. It is suggested, neverthaless, that conventional precautions be observed during storage, handling and use in order 1o avoid

axposurs 10 excessive voltages.

OPERATING RANGE

Part Number Amblent Temperature VES vCo VoD
AmMI511ADC CC =Ty = +70°C ov +50V 5% +12V 25%

AmO511ADM —§5°C = Ty = +125°C o +5.0V 210% +12V =105

ELECTRICAL CHARACTERISTICS Over Operating Range (Mote 1)

Parameters Description Test Conditions Min. Typ. Max. Units
VOH Chsiput HIGH Vollage OH = —200xA 3.7 Volis
vOL Cutpul LOW Valtage IOL = 3.2mA 0.4 Valis
ViH lnpot HIGH volage 20 Volta
ViL fnput LOW Vgitage —.5 0.8 Volts
X nput Load Cument VS8 = wi s VCC =10 red
0z Data Bus Leakage VG = 04V 10 A

VO = ¥CC 10
Ta = +35°C 50 90
ICC VCC Supply Curment Ty = O°C 95 mA,
Ty = -55°C 100
Ta = +26°C 50 80
IDD VDO Supply Currant Tp = 00 as mA
Ta = -£65°C 100
co Ouiput Capaditance 10 pE
[w] input Capacitance fc = 1.0MHz, Inputs = OV 8 pF
Cio 10 Capaciance 10 12 pF

787




AmSSIIA

SWITCHING CHARACTERISTICS over operating range {Notes 2, 3)

Am9STIA Amg511A-1
Pacameters Deascription Min. Max. Min. Max. Units
TAPW EACK LOW Pulsa Widih 100 75 s
TCOR C/0 1o FD LOW Sot up Time ¢ 0 ne
TCOW €/D 1o WA LOW Set up Time 0 0 ns
TCPH Clock Pulsa HIGH Width 200 140 ns
TCPL Clock Pulse LOW Width 240 160 ne
TCSA T35 LOW to AD LOW Set up Time 0 ns
TCSW €5 LOW 1o WR LOW Set up Time 0 0 ns
TCY Clock Period 480 5000 320 3300 ns
TDW Data Bus $table to WR HIGH $#1 up Tima 150 100 (Note 9) ns
TEAE EAGK LOW 15 END HIGH Dalay 200 175 ns
TEPW END LOW Fulse Width {Note 4) 400 300 ns
TOP Data Bus Ouipul Vahd o PAUSE HIGH Delay o 0 ns
_ , Dala 35TCY+50 |SSTCY+300 | 3.5TCY+50 | S.5TCY+200
TPPWR PAUSE LOW Pulse Widin Raad (Note 3} =g s 15TCY+50 |3.5TCY+300 | 1.5TCY+50 | 35TCY+200 ns
TPPWW PAUSE LOW Puise Width Wrile (Note 8) 50 50 ne
TPR PAUSE HIGH to RD HIGH Hold Time 0 o ns
TPW PAUSE HIGH to WH HIGH Hold Time 0 o ny
TRCD AD HIGH to C/D Hold Time 0 ) ns
TRCS AD HIGH to T8 HIGH Hold Time o o ns
TRQ RD LOW to Data Bus ON Delay 50 50 ns
TRP RD LOW to PAUSE LOW Delay (Nate 6) 150 100 (Note 9} ns
TRZ RD HIGH to Data Bus OFF Delay 50 200 50 150 ns
TSAPW SVACK LOW Pulse Width 100 75 ns
TSAR SVACK LOW in SYAEC LOW Delay 300 200 ns
TWCD WE HIGH o C/C Hold Time ap ns
TWCS WR HIGH to CS HIGH Hold Time 60 30 ns
WO ‘WR HIGH 10 Data Bus Hold Tima 20 20 ns
Coromand arTeY 3TCY
™! Write Inactive Time (Nate 8) Data Oy e ny
T™P WH LOW to PAUSE LOW Dalay (Nole 6) 150 100 (Note 9} ns
NOTES is the tirme to complete execution plus the time shown. Status

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

2. Switching parametars are listed in alphabetical order.

3. Test conditions assume transition limes of 20ns or lass, output
loading of one TTL gate plus 100pF and timing referemce jevels
of 0.8V and 2.0V,

4. END low pulse widih is specified for EACK tied to VSS. Other-
wise TEAE applies.

5. Minimum values shown assume no previously entered com-
mand is baing executed for the data access. If a previousty
entered commandis baing executed, PAUSE LOW Pulse Width

7-88

may be read at any time without exceeding the time shown.

. PAUSE is pulled low for both command and data operations.
. TEX is the execution time of the cumrent cormmand (see the

Command Execution Times table).

. PAUSE low pulse width is less than 50ns when writing into the

data port or the control port as long as the duly cycle require-
ment {TWI) is observed and no previous command is being
executed, TW| may be salaly violated as long as fhe exiended
TPPWW that results is obseérved. If a previously enterad com-
mand is baing executed, PAUSE LOW Pulse Width is the time
to complete exegution pius the time shown.

. 150ns for AM9ST1A-1DM.
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SWITCHING WAVEFORMNS

READ OPERATIONS
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APPLICATION INFORMATION

The diagrarn in Figure 2 shows the interface connections for
the Amg511A APU with operand transfers handled by an
Am9517 DMA contraller, and CPU coordination handed by an
AmS519 Interrupt Controller. The APU interrupts the CPU to
tndicate that a command has been completed. When the per-
formance enhancements provided by the DMA and Interrupt

opéaralions are not raguired, the APU intertace can be
simplified as shown in Figure 1. The Am3511A APU is de-
signed with a general purpose B-bit data bus and interiace
control so that it can ba conveniently used with any general
8-bit processar.

ADDRESS BUS

—

R e Of FG
i o————————()
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AMOS1A
= ARITHMETIC

ADY e FALSE
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UNF

| SYSTEM DATA BUS >

Figure 1. Am2511A Minimum Configuration Example.
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Figure 2. Am8511A High Parformance Cornfiguration Example.
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