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Am2903A

Four-Bit Bipolar Microprocessor Slice
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DISTINCTIVE CHARACTERISTICS

o Expandable Register File ~
The Am2903A includes the necessary "‘hooks” to
expand the register file externally to any number of
registers.

® Built-in Parity Generation and Sign Extension Circuitry -
Can supply parity across the entire ALU output and
provide sign extension at any slice boundary.

e Built-in Division Logic -
Executes non-restoring, multiple-length division with
correction of the quotient.

e Built-in Normalization Logic -

The mantissa and exponent of a floating-point num-
ber can be developed using a single microcycle per
shift. Status flags indicate when the operation is
complete.

e Built-in Multiplication and Division Logic -
Performs unsigned multiplication, two's complement
multiplication and the last cycle of a two's comple-
ment multiplication.

GENERAL DESCRIPTION

The Am2903A is a four-bit expandable bipolar microproces-
sor slice. The Am2903A performs all functions performed
by the industry standard Am2501 and, in addition, provides
a number of significant enhancements that are especially
useful in arithmetic-oriented processors. infinitely expand-
able memory and three-port, three-address architecture are

provided by the Am2903A. In addition to its complete
arithmetic and logic instruction set, the AmM2903A provides
a special set of instructions which facilitate the implementa-
tion of multiplication, division, normalization, and other
previously time-consuming operations. The Am2903A is
identical to the Am2903 but up to 30% faster.
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RELATED PRODUCTS

Part No. Description
Am2902A | Carry Look-Ahead Generator
Am2904 Status and Shift Control Unit
Am2910A | Microprogram Controller

Am2914 Vectored Priority Interrupt Controiler

Am2918 Pipeline Register
Am2920 Octal Register

Am2922 Condition Code MUX
Am2925 System Clock Generator
Am2940 DMA Address Generator
Am2952 Bidirectional 1/0 Port
Am29705A | Two-Port RAM
Am27S35 | Registered PROM
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CONNECTION DIAGRAMS*
Top View
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Note: Pin 1 is marked for orientation.

*This device is also available in a 48-Pin Flatpack (CFT048).
Pinouts are the same as the DIP.




LOGIC SYMBOL
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Vcge = Power Supply
GND = Ground

METALLIZATION AND PAD LAYOUT
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DIE SIZE 0.172" x 0.218"




ORDERING INFORMATION
APL and CPL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL
{Approved Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List)
products are processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability,
or surface treatment exceptions to those specifications. The order number (Valid Combination) is formed by a combination of:

APL Products: A. Device Number

CPL Products: A. Device Number

B. Speed Option (if applicable) B. Speed Option (if applicable)
C. Device Class C. Package Type
D. Package Type D. Temperature Range
E. Lead Finish E. CPL Status
APL Products
AM2903A /B C
L——E. LEAD FINISH
C = Gold
D. PACKAGE TYPE
X = 48-Pin Sidebrazed DIP (SD 048)
Y = 48-Pin Topbrazed Flatpack (CFT048)
C. DEVICE CLASS
/B =Class B
B. SPEED OPTION
Not Applicable
A. DEVICE NUMBER/DESCRIPTION
AmM2903A
Four-Bit Bipolar Microprocessor Slice
CPL Products
AM2903A i c

l———E. CPL STATUS

C = CPL Certitied

D. TEMPERATURE RANGE
M = Military (~55 to +125°C)

C. PACKAGE TYPE

/L = 52-Pin Ceramic Leadless Chip Carrier (CL 052)

B. SPEED OPTION
Not Applicable

A. DEVICE NUMBER/DESCRIPTION
Am2903A

Four-Bit Bipolar Microprocessor Slice

Valid Combinations

APL AM2903A

/BXC, /BYC

CPL AM2903A

/LMC

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the locai AMD
sales office to confirm availability of specific valid
combinations or to check for newly released valid
combinations.

iMDX is a trademark of Advanced Micro Devices, inc




PIN DESCRIPTION

Ag-3 RAM A Address Inputs (TTL Input)
Four RAM address inputs that contain the address of the
RAM word appearing at the RAM A output port.

Bg-3 RAM B Address Inputs (TTL Input)
Four RAM address inputs that contain the address of the
RAM word appearing at the RAM B output port and into
which new data is written when the WE input and the CP
input are LOW.

WE Write Enable input (TTL Input)
The RAM write enable input. If WE is LOW, data at the Y I/0O
port is written into the RAM when the CP input is LOW.
When WE is HIGH, writing data into the RAM is inhibited.

DAg-3 External Data Inputs (TTL Input)
A four-bit external data input that can be selected as one of
the Am2903A ALU operand sources; DAg is the least
significant bit.

EA Control Input (TTL Input)
A control input that, when HIGH, selects DAg.3 as the ALU
R operand, and, when LOW, selects RAM output A as the
ALU R operand.

DBp-3 External Data Inputs/Outputs (Three-State
Input/Output)

A four-bit external data input/output. Under control of the
OEp input, RAM output port B can be directly read on these
lines, or input data on these lines can be selected as the

ALU S operand.

OEg Control Input (TTL Input)
A control input that, when LOW, enables RAM output B onto
the DBp.3 lines and, when HIGH, disables the RAM output B
three-state buffers.

Cn Carry-in Input (TTL input)
The carry-in input to the Am2903A ALU.

lp-g Instruction Inputs (TTL Input)
The nine instruction inputs used to select the Am2903A
operation to be performed.

IEN Instruction Enable Input (TTL Input)
The instruction enable input that, when LOW, allows the Q
Register and the Sign Compare flip-flop to be written. When
TEN is HIGH, the Q Register and Sign Compare flip-flop are
in the hold mode. On the Am2903A, TEN also controls
WRITE.

Cn+4 Carry-Out Output (TTL Output)
This output generally indicates the carry-out of the
Am2903A ALU. Refer to Table 5 for an exact definition of
this pin.

G/N  Carry-Generate Qutput (TTL Output)
A multi-purpose pin that indicates the carry generate, G,
function at the least significant and intermediate slices, and
generally indicates the sign, N, of the ALU result at the most
significant slice. Refer to Table 5 for an exact definition of
this pin.

P/OVR Carry-Propagate Output (TTL Output)
A multi-purpose pin that indicates the carry propagate, P,
function at the least significant and intermediate slices, and
indicates the conventional two's complement overflow,
OVR, signal at the most significant slice. Refer to Table 5 for
an exact definition of this pin.

Z Open-Collector I/0 Pin (Open-Collector
Input/Qutput)
An open-collector input/output pin that, when HIGH,
generally indicates the outputs are all LOW. For some
Special Functions, Z is used as an input pin. Refer to Table
5 for an exact definition of this pin.

Sl0g, SI0; Bidirectional Serial Shift 1/0s for the
ALU (Three-State Input/Output)
Bidirectional serial shift inputs/outputs for the ALU shifter.
During a shift-up operation, SiQg is an input and SIO3 an
output. During a shift-down operation, SIOg is an input and
SIQp is an output. Refer to Tables 3 and 4 for an exact
definition of these pins.

QI0g, QI03 Bidirectional Serial Shift 1/0 s for the Q
Shifter (Three-State Input/Output)
Bidirectional serial shift inputs/outputs for the Q shifter that
operate like SIOg and SIO3. Refer to Tabies 3 and 4 for an
exact definition of these pins.

LSS Control input (TTL Input)
An input pin that, when tied LOW, programs the chip to act
as the least significant slice (LSS) of an Am2903A array and
enables the WRITE output onto the WRITE/MSS pin. When
T3S is tied HIGH, the chip is programmed to operate as
either an intermediate or most significant slice and the
WRITE output buffer is disabled.

WRITE/MSS Control Input (Three-State Input/Output)
When LSS is tied LOW, the WRITE output signal appears at
this pin; the WRITE signal is LOW when an instruction that
writes data into the RAM is being executed. When LTSS is
tied HIGH, WRITE/MSS is an input pin; tying it HIGH
programs the chip to operate as an intermediate slice (IS)
and tying it LOW programs the chip to operate as the most
significant slice (MSS).

Yg-3 Data inputs/Outputs (Three-State
Input/Output)
Four data inputs/outputs of the Am2903A. Under control of
the OEy input, the ALU shifter output data can be enabled
onto these lines, or these lines can be used as data inputs
when external data is written directly into the RAM.

OEy Control Input (TTL Input)
A control input that, when LOW, enables the ALU shifter
output data onto the Yg.3 lines and, when HIGH, disables
the Yp.3 three-state output buffers.

CP Clock Input (TTL Input)
The clock input to the Am2903A. The Q Register and Sign
Compare flip-flop are clocked on the LOW-to-HIGH
transition of the CP signal. When enabled by WE, data is
written in the RAM when CP is LOW.




FUNCTIONAL DESCRIPTION
Architecture of the Am2903A

The Am2903A is a high-performance, cascadable, four-bit
bipolar microprocessor slice designed for use in CPU's,
peripheral controtlers, microprogrammable machines, and nu-
merous other applications. The microinstruction flexibility of
the Am2903A allows the efficient emutation of almost any
digital computing machine. The nine-bit microinstruction se-
lects the ALU sources, function and destination. The
Am2903A is cascadable with full lookahead or ripple carry,
has three-state outputs, and provides various ALU status flag
outputs. Advanced IMOXTM processing is used to fabricate
this 48-pin LSI circuit.

All data paths within the device are four bits wide. As shown in
the block diagram, the device consists of a 16-word by 4-bit,
two-port RAM with latches on both output ports, a high-
performance ALU and shifter, a multi-purpose Q Register with
shifter input, and a nine-bit instruction decoder.

Two-Port RAM

Any two RAM words addressed at the A and B address ports
can be read simultaneously at the respective RAM A and B
output ports. ldentical data appear at the two output ports
when the same address is applied to both address ports. The
latches at the RAM output ports are transparent when the
clock input, CP, is HIGH and they hold the RAM output data
when CP is LOW. Under control of the OEg three-state output
enable, RAM data can be read directly at the Am2903A DB
{I/0) port.

External data at the Am2903A Y 1/O port can be written
directly into the RAM, or ALU shifter output data can be
enabled onto the Y 1/Q port and entered into the RAM. Data is
written into the RAM at the B address when the write enable
input, WE, is LOW and the clock input, CP, is LOW.

Arithmetic Logic Unit

The Am2903A high-performance ALU can perform seven
arithmetic and nine logic operations on two 4-bit operands.
Multiplexers at the ALU inputs provide the capability to select
various pairs of ALU source operands. The Ea input selects
either the DA external data input or RAM output port A for use
as one ALU operand and the OEg and lg inputs select RAM
output port B, DB external data input, or the Q Register
content for use as the second ALU operand. Also, during
some ALU operations, zeroes are forced at the ALU operand
inputs. Thus, the Am2903A ALU can operate on data from two
external sources, from an internal and external source, or from
two internal sources. Table | shows all possible pairs of ALU
source operands as a function of the Ea, OEg, and Ip inputs.

When instruction bits ls, I3, l2, 11, and lp are LOW, the
Am2903A executes special functions. Table 4 defines these
special functions and the operation which the ALU performs
for each. When the Am2903A executes instructions other than
the nine special functions, the ALU operation is determined by
instruction bits l4, I3, |2, and ly. Table 2 defines the ALU
operation as a function of these four instruction bits.

TABLE 1. ALU OPERAND SOURCES

Ea| lp | OEg | ALU Operand R | ALU Operand S
L|L L RAM Output A RAM Output B
L|L H RAM Output A DBo.3
LI{H| X RAM Output A Q Register
HiL| L DAp.3 RAM Output B
H{L H DAp.3 DBo.3
H|H X DAg-3 Q Register
L=LOW H=HIGH X =Don't Care
TABLE 2. Am2903A ALU FUNCTIONS
Hex
lgil3ilz2|l1| Code ALU FUNCTIONS
lelol o lo=L |Special Functions
lo=H |Fi=HIGH
Ll lH 3 F =S Minus gnMinus 1 plus
Llctnle 2 F =R Minus gnMinus 1 Plus
LIL|{H|[H 3 F=R Plus S Plus Cp
LIH|L}L 4 F =S8 Plus GCp
LIH|LIH 5 F=S Plus Cp
L{HIH|[L 6 F=R Plus Cq
LIH{H[H 7 F=R Plus Cp
H{L|L|L 8 Fi = LOW
H{L|L{H 9 Fi=R; AND S;
HILIH|L A Fi=R; EXCLUSIVE NOR §;
H{L|H|H B F) = Rj EXCLUSIVE OR S;
H|H|L|L C Fi=Rj AND S;
H{H|L|H D Fi=R; NOR S;
H{HH|L E Fi= Rj NAND S;
HiH|H|H F Fi=R; OR S;
L=LOW H = HIGH i=0to 3

Am2903As may be cascaded in either a ripple carry or
lookahead carry fashion. When a number of Am2903As are
cascaded, each slice must be programmed to be a most
significant slice (MSS), intermediate slice (IS), or least signifi-
cant slice (LSS) of the array. The carry generate, G, and carry
propagate, P, signals required for a lookahead carry scheme
are generated by the Am2903A and are available as outputs of
the least significant and intermediate slices.

The Am2903A also generates a carry-out signal, Cp + 4, which
is generally available as an output of each slice. Both the
carry-in, Cp, and carry-out, Cp, + 4, signals are active HIGH.
The ALU generates two other status outputs. These are
negative, N, and overflow, OVR. The N output is generally the
most significant (sign) bit of the ALU output and can be used
to determine positive or negative results. The OVR output
indicates that the arithmetic operation being performed ex-
ceeds the available two's complement number range. The N

IMOX is a trademark of Advanced Micro Devices, Inc.




and OVR signais are available as outputs of the most
significant slice. Thus, the multipurpose G/N and F/OVR
outputs indicate G and P at the least significant and intermedi-
ate stices, and sign and overflow at the most significant slice.
To some extent, the meaning of the G, + 4, P/OVR, and G/N
signals vary with the ALU function being performed. Refer to
Table 5 for an exact definition of these four signals as a
function of the Am2803A instruction.

ALU Shifter

Under instruction control, the ALU shifter passes the ALU
output (F) non-shifted, shifts it up one bit position (2F), or shifts
it down one bit position (F/2). Both arithmetic and logical shift
operations are possible. An arithmetic shift operation shifts
data around the most significant (sign) bit position of the most
significant slice, and a logica! shift operation shifts data
through this bit position (see Figure 1). SIGg and Si0O3 are
bidirectional serial shift inputs/outputs. During a shift-up oper-
ation, SIQOg is generally a serial shift input and SIO3 a seriat
shift output. During a shift-down operation, SIOg is generally a
serial shift input and S!Og a serial shift output.

To some extent, the meaning of the SiOg and SIO3 signals is
instruction dependent. Refer to Tables 3 and 4 for an exact
definition of these pins.

The ALU shifter also provides the capability to sign extend at
slice boundaries. Under instruction control, the SIOg (sign)
input can be extended through Yo, Y4, Y2, Y3 and propagated
to the SIO3 output.

A cascadable, five-bit parity generator/checker is designed
into the Am2903A ALU shifter and provides ALU error
detection capability. Parity for the Fg, F4, F2, F3 ALU outputs
and SIO3 input is generated and, under instruction control, is
made available at the SIOg output.

The instruction inputs determine the ALU shifter operation.
Table 4 defines the special functions and the operatian the
ALU shifter performs for each. When the Am2903A executes
instructions other than the special functions, the ALU shifter
operation is determined by instruction bits !g, 17, g, |5. Table 3
defines the ALU shifter operation as a function of these four
bits.

Q Register

The Q Register is an auxiliary four-bit register which is clocked
on the LOW-to-HIGH transition of the GP input. It is intended
primarily for use in multipiication and division operations;
however, it can also be used as an accumulator or holding
register for some applications. The ALU output, F, can be
loaded into the Q Register, and/or the Q Register can be
selected as the source for the ALU S operand. The shifter at
the input to the Q Register provides the capability to shift the
Q Register contents up one bit position {2Q) or down one bit
position (Q/2). Only logical shifts are performed. QIOg and

QIQg are bidirectional shift serial inputs/outputs. During a Q
Register shift-up operation, QlQq is a serial shift input and
QIOg3 is a serial shift output. During a shift-down operation,
QIO3 is a serial shift input and QIOg is a serial shift output.

$103 ﬁ L' — si0g

Ll

Most
Significant
Skice
DF000430
LI
103 S0y
[
Least
Significant or
intermediate Slice
DF000410

Figure 1-1.
Am2903A Arithmetic Shift Path

§103 510,

Al
Stice Positions

DF000420

Figure 1-2.
Am2903A Logical Shift Path

Double-length arithmetic and logical shifting capability is
provided by the Am2903A. The double-length shift is per-
formed by connecting QIO3 of the most significant slice to
SIOg of the least significant slice, and executing an instruction
which shifts both the ALU output and the Q Register.

The Q Register and shifter are controlled by the instruction
inputs. Table 4 defines the Am2903A special functions and the
operations which the Q Register and shifter perform for each.
When the Am2903A executes instructions other than the
special functions, the Q Register and shifter operation is
controlied by instruction bits Ig, 17, I, Is. Table 3 defines the Q
Register and shifter operation as a function of these four bits.

Output Buffers

The DB and Y ports are bidirectionai /O ports driven by three-
state output buffers with external output enable controls. The
Y output buffers are enabled when the OEy input is LOW and
are in the high impedance state when OEy is HIGH. The DB
output buffers are enabled when the OEg input is LOW.




TABLE 3. ALU DESTINATION

CONTROL FOR lg OR |1 OR Iz OR I3 = HIGH, IEN = LOW.

SI03 Y3 Y2
Q Reg &
Hex | ALU Shifter [Most Sig| Other |Most Sig| Other | Most Sig | Other Shifter
lg i7 1g s | Code | Function Slice |Slices| Slice |[Slices| Slice |Slices| Y4 Yo | SiOg | Write | Function | QIO3 | QIOg
L LLL| o [Adith F2=Y |input Input |F3 Si03 |S103 Fs [F> [F1  |Fo L [Hold z z
L LLH[ 1 [Log Fr2~Y [input Input  [SIO3 sios |Fa Fs |F2 [F1 [Fo L [How b2 z
L LHL| 2 |aih Fr2oY|input  |input |Fs siog [sios  [Fs F2 R |Fo L ;"’_%Q’ input Qo
~ Log. Q/
L LHH 3 |Log. F/2—Y [input Input |SI0O3 Si03 |F3 F3 Fo F Fo L 240 Input Qg
L HLL|{ 4 [FoY Input input |F3 [ Fo |Fy [Fo [Parity L |Hoid z p2
LHLH| 5 |[F~Y nput  |input |F3 3 |F Fa |Fi |Fo  |Parity H ;‘lng/ Input | Qo
L HHL| & [F~Y Input Input [F3 F3 |F2 Fo |Fy [Fo [Parity H [F-a z z
L HHH 7 |F™Y Input Input |F3 F3 Fo F» Fy Fo Parity L F~Q z z
H LL L[ 8 |aih 2F-Y [F2 F3 |F3 Fa  |Fy Fi  [Fo [S10p [input L |Hold z z
H L LH 9 |Log. 2F—Y |F3 F3 F2 F» =] Fq Fo SIOg |Input L Hold z V4
H LHL| A |Aih 2F~Y |F Fa |Fs Fo  |Fy Fy Fo  |SI0g |Input L '§°Qg; Q Q3 |lnput
H LHH| B |lLog. 2F~Y |[Fg Fz  |F2 Fo Ry Fy Fo  |SIOg |input L ’EOQQ;O Qs |input
HHLL| C [FY F3 Fs  |F3 Fs |Fo N [ z H  |Hold z z
HHLH| D |F~Y F3 Fs  |Fs Fa |F2 Fa  |F1 |Fo z H ;gg; a Qs |input
HHHL| E 3'100;2‘(3-3 S0, |Si0p [si0e  |Si0g |siop  |si0p [s100 {Si0g |mput L |Hold z | z
HHHH[] F [F-y F3 Fs |F3 Fa  |F2 Fo  |F1  |Fo z L [Hold z z
Parity =F3 V F2 V Fy ¥ Fo V SIOg L=LOW Z = High-lmpedance
¥ = Exclusive OR H = HIGH




TABLE 4. SPECIAL FUNCTIONS FOR Ig4=I3=1ip=1y= lo = LOW (Note 4)

5103
Q Reg &
(Hex) ALU Shifter | Most Sig | Other Shifter
Igl7lgls | Special Function ALU Function Function Slice Slices|SI0p | Function |QIO3|QI0g | WRITE
) . F=S+Cpnif Z=L Log F/2—Y¥ Log Q/2
0 Unsigned Multiply F=R+S+Cpif Z=H (Note 1) 4 input Fo 2, Input Qg L
1 (Note 5)
Two's Complement F=S+ChifZ=1L Log F/2—Y Log Q/2
2 |Muttiply F=R+S+Cpnif Z=H (Note 2) z Input | Fo ~Q lput | Qo | L
3 {Note 5)
| t b .
4o e F=S+1+Cp % input Input [ Parity Hold z z L
Sign/Magnitude F=8+Cnif Z=L F-Y N
5 Two's Complement F=S+Chif Z=H (Note 3) Input Input | Parity Hold z 4 L
Two's Complement F=8+Cphif Z=1L Loeg F/2—Y Lag Q/2
& Multiply, Last Cycle [F=S-R-1+GCnif Z=H |(Note 2) z Input 1 Fo ~Q Iput | Qo | L
7 (Note 5)
Single Length - - Log 2Q
8 |Normalize F=8+Cy Foy F3 Fs | z 95 Qz |put| L
9 (Note 5)
Double Length Log 2Q
A Normalize and First F=8+C, Log 2F—Y R3 V F3 Fa Input EQ Qs | tnput L
Divide Op
B (Note 5)
Two's Complement F=8S+R+Cphif Z=L - Log 2Q
c Divide F=S-R-140Cy ff 2= H Log 2F~Y A3 7 F3 Fz | Input 23 Qs | Input L
D {Note 5)
Two's Complement F=S+R+Cnif Z=L Log 2Q
E Divide Correction F=S-_R-1 fC i Z=H F-Y F3 Frg z ey Qg { Input L
and Remainder n
F (Note 5)
Notes: At the most significant slice only, the Cp 4+ 4 signal is internally gated to the Y3 output.

At the most significant slice only, F3 ¥ OVR is internally gated to the Y3 output.

The Q Register cannot be used explicitly as an operand for any Special Functions. It is defined implicitly within the functions.

Not valid.

L =LOW P4
H =HIGH v
X =Don't Care Parity

= High-lmpedance
= Exclusive OR
=803 VF3 $F, VFy Vg

1.

2.

3. At the most significant slice only, S3 ¥ F3 is generated at the Y3 output.
4.

5.

The zero, Z, pin is an open collector input/output that can be
wire-OR'ed between slices. As an output it can be used as a
zero detect status fiag and generally indicates that the Yg.3
pins are all LOW. To some extent the meaning of this signal
varies with the instruction being performed. Refer to Table 5
for an exact definition of this signal as a function of the
Am2903A instructions.

Instruction Decoder

The Instruction Decoder generates required internal control
signals as a function of the nine instruction inputs, lg.g; the
Instruction Enable input, IEN; the LSS input; and the WRITE/
MSS input/output.

The WRITE output is LOW when an instruction which writes
data into the RAM is being executed. Refer to Tables 3 and 4
for a definition of the WRITE output as a function of the
Am2903A instruction inputs.

On the Am2903A, when TEN is HIGH, the WRITE output is
forced HIGH and the Q Register and Sign Compare Flip-Flop
contents are preserved. When iEN is LOW, the WRITE output
is enabled and the Q Register and Sign Compare Flip-Flop can
be written according to the Am2903A instruction. The Sign
Compare Flip-Flop is an on-chip flip-flop which is used during
an Am2903A divide operation (see Figure 2).

Programming the Am2903A Slice Position

Tying the TSS input LOW programs the slice to operate as a
teast significant slice (LSS) and enables the WRITE output
signal onto the WRITE/MSS bidirectional 1/0 pin. When LSS
is tied HIGH, the WRITE/MSS pin becomes an input pin; tying
the WRITE/MSS pin HIGH programs the slice to operate as
an intermediate slice (IS) and tying it LOW programs the slice
to operate as a most significant slice (MSS). The WRITE/MSS
pin must be tied HIGH through a resistor. WRITE/MSS and
LSS should not be connected together.




TABLE 5. Am2903A STATUS OUTPUTS

P/OVR G/N Z(OEy = LOW)
(Hex) | (Hex) Gi Pi Most Sig | Other | Most Sig | Other | Most Sig Intermediate | Least Sig
Igl7lgls | lalal2ly |lg| (i=0 to 3} (i=0 to 3) Cn+sa Slice Slices Slice Slices Slice Slice Slice
X 0 H|O 1 0 0 o F3 G Yo¥1Y2Y3 YoY1Y2Ys YoY1{Y2Y3
=, = Gv C, v 5 = v R"] v RY] G5
X 1 X |Ri~S; Rj v S PCn C::g P Fs G YoY1Y2Y3 YoY1Y2Y3 YoYqYaY3
= = G G v S ~ | vovw [ A ——
X 2 X|RiAS; RivS PC\,-’, C::i P Fa G YoY1Y2Ya YoY1Y2Y3 YoY1Y2Y3
Gv C, 7 5 = ER AR G V.V.T S T.T.7
X 3 X |RiAS; Ri v § PCn 0212 P Fa G YoY1YoY3 YaY1Y2Y3 YoY1Y2Y3
Gv C v 5 = ER v G V.97, ¥ T.0.7
X 4 |xlo S oy & 13 P Fa G Yo¥1Y2Y3 YaY1YaV3 Yo¥1¥2Y3
X 5 |x|o El Gv  Cn+a¥ p Fa G | Yo¥iTaVs | VoVaVo¥s | Vo¥iva¥
PCn Cn+4 0 1r2fs
G v G v 5 = VV.T.T V.. .7 G V.V.T
X 6 [x|o Ri PGy Cg:i Fa G Yo¥1Y2Y3 YoV1¥aY3 YoY1Y2Y3
= GV Cnta ¥ 5 = | voow [ [
X 7 X|o R; PCp C: : i P Fa G YoY1Y2Y3 YoY1Y2Y3 YoY1Y2Y3
X 8 X{0 1 0 0 0 F3 G YoY1Y2Y3 Yo¥1YoYs Yo¥1Y2Y3
X 9 X [RirS; 1 o} 0 0 Fa G YoY1¥2Ya Yo¥1Y2Y3 YaY1¥2¥3
X A X |Ri~S; RivS o} 0 0 Fa G YoY1YoY3 Yo¥1¥2Y3 YoY1Y2Ys
X B X {RirSi Ri v S; o 0o 0 F3 G YoY1YoY3 Yo¥1¥2Ya Yo¥1YaYs
X [ X [RinS; 1 0 o 0 Fa G YoY1¥2Ys Yo¥1Y2Y3 Yo¥1Y¥2¥3
X D X [Rirg; 1 0 o} 0 F3 G YoY1¥2Y3 Yo¥1YaYs YoY1Y2Y3
X E X {RiAS; 1 0 0 0 Fs G YoY1YaYa Yo¥1YoY3 Yo¥1Ya¥3
X F X [RirS; 1 o] Q 0 Fa G YpY1YaY3 YoY1Y2Ys Yo¥iYoYs
. Siif Z=L
0ifZ=L ! G v Ch+3 ¥V 5 =
0 0 L RinS; if Z=H §|=VHS| if PCp Crvd P Fa G Input Input Qo
1 0 L |(Note 6)
1 8 L [(Nole 6)
B Siif Z=L
0if Z=1L ! L Gv C v 5 =
2 0 |L|ping; it z=H Ri=vHS, if FCn C:Ii P F3 G tnput Input Qo
3 0 L [(Note &)
Gv C v 5 = Y .T..7 v.U.9.7 v.9.9.7
4 0 |L|(Note 1) (Note 2) rC C::i B Fa G YoV1VaVg | YoVi¥a¥s | YoV1VaVa
. Faif Z=1L
SiifZ=L Gv Ch+3 ¥V 5 3 h =
5 0 Ljo §: fZ=H PCn Crr:+4 P Fa V=83 if G S3 input Input
. §itZ=L
0ifZ=L 20 e= Gv Cn+3 ¥ = =
6 o] L RinS; if Z=H ?|=VHS. if PCn Crva P Fa G Input Input Qo
7 0 L {{Note 6)
8 0 Lo S (Note 3)]Q2 ¥ Qq P Q3 G | Qo102Q3 | Qp01Q2Q3 | Qo®1Q2Q3
9 o} L |(Note &)
9 8 L [{Note 6)
A 0 Lo Sj {Note 4)|F2 V F4 P F3 G {Note 5) {Note 5) {Note 5)
B 0 L [{Note 6)
Riv 5iif - Sign
RinSi it Z=L |Z=L Gv Cn+3 5 =
C o] L H:A8: fZ=H|Fvsif PCh Cova P F3 G Corgﬁ?relFF Input Input
=H pu
[n} o] L [{Note 6)
s R v S if G c v Sign
RiASiif Z=L |Z=L v n+ 3 5 I
E Q L R;AS: #Z=H |Rvsif PCh Cnva P F3 G Corg;d?retFF Input Input
=H pu
F Q L |(Note 6)
Notes: 1. If LSS is LOW, Gg = Sp and Gy, 2, 3=0. If LSS is HIGH, Gg, 1, 2, 3=0.
2.1t LSS is LOW, Pg=1 and Py 2 3=S1‘\3’8 if LSS is' HIGH, P;=S;.
3. At the most significant slice, Ch+ 4 = Q3 5. At other slices, Cn+4=G v PCp.
4. At the moast significant_slice, Cn + 4 = F3 V F2. At other slices, Cn+4=G v PGy
5 2=0Qp Qy Oz Qg Fg Fy F2 F3.
6. Not valid.
L =LOW=0
H =HIGH=1
v =0R
~ = AND
v = EXCLUSIVE OR
P =P3P2P4Pp
G =G3 v GoP3 v GyP2P3 v GoP1P2P3
Ch+3 = Go v (§1P2 v GgP1P2 v CnpPoP1P2
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Am2903A Speciaf Functions

The Am2803A provides nine Special Functions which facilitate

the implementation of the following operations:

® Single- and Double-Length Normalization

® Two's Complement Division

® Unsigned and Two's Complement Muitiplication

® Conversion Between Two's Complement and Sign/Magni-
tude Representation

® Incrementation by One or Two

Table 4 defines these Special Functions.

The Single-Length and Double-Length Normalization functions
can be used to adjust a single-precision or double-precision
floating point number in order to bring its mantissa within a
specified range.

Three Special Functions which can be used to perform atwo's
complement, non-restoring divide Operation are provided by
the Am2903A. These functions provide both single- and
double-precision divide operations and can be performed in

n" clock cycles, where ''n'"" is the number of bits in the
quotient.

The Unsigned Multiply Special Function and the two Two's
Complement Multiply Special Functions can be used to
muiltiply two n-bit, unsigned or two's complement numbers,
respectively, in n clock cycles. These functions utilize the
conditional add and shift algorithm. During the last cycle of the
two's complement multiplication, a conditional subtraction,
rather than addition, is performed because the sign bit of the
multiplier carries negative weight.

The Sign/Magnitude-Two's Complement Special Function can
be used to convert number representation systems. A number
expressed in Sign/Magnitude representation can be convert-
ed to the Two's Complement represemation, and vice-versa,
in one clock cycle.

The Increment by One or Two Special Function can be used to
increment an unsigned or two's complement number by one
or two. This is useful in 16-bit word, byte-addressable ma-
chines, where the word addresses are multiples of two.

Ry v F3
SPECIAL l
FUNCTION
AORC o Q
1EN = SIGN
cP Clk - Q COMPARE
DF000400

Figure 2. Sign Compare Flip-Flop

The sign compare signal appears at the Z output of the most significant slice during special functions C and
E. Refer to Table 5.

Cycle Times for 16-Bit System for
Common Operations

Figure 3 shows a typical configuration using 4 Am2903A
Superslices, an Am2902A carry lookahead chip, and the
Am2904 for shift multiplexers, status registers, and carry-in
control. For the system enclosed within the dashed lines,
there are four major switching paths whose values for various
kinds of cycles are summarized below, and shown on the
timing waveform, Figure 4.

1. MICROCYCLE TIME (TCHCH).
The minimum time which must elapse between a
LOW-TO-HIGH clock transition and the next LOW-TO-
HIGH clock transition.

2. DATA SET-UP TIME (TDVCH).
The minimum time which must be allowed between
valid, stable data on the D inputs and the clock LOW-
TO-HIGH transition.

3. D TO Y (TDVYV).
The maximum time required to obtain valid Y output
data after the D inputs are valid. This is the combina-
tional delay through the parts from D to Y.

4. CP TO Y (TCHYV).
The maximum time required to obtain valid Y outputs
after a clock LOW-TO-HIGH transition.

The types of cycles for which data is summarized are as
follows:

1. Logic - Any logical operation without a shift.

2. Logic Rotate ~ Any logic operation with a rotate or

shift.

3. Arithmetic - An add or subtract with no shitt.

4. Multiply — The first cycle of a 2's complement multiply
instruction. Subsequent cycles require less
time.

5. Divide - The iterative divide cycle. The first divide in-

struction and the last divide (correction) in-
struction require less time.

Time in ns Over Commercial Operating Range

CYCLE TCHCH | TDVCH | TDVYV | TCHYV
LOGIC 99 79 59 81
LOGIC ROTATE 118 99 79 98
ARITHMETIC 130 109 91 112
MULTIPLY 152 113 95 135
DIVIDE 139 113 95 121
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Figure 3. 16-Bit System with Am2903A, Am2902A, Am2904
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Figure 4. Timing Waveforms for Data in, Clock, and Y Out




ABSOLUTE MAXIMUM RATINGS

Storage Temperature ..................... ..... —-65 to +150°C

(Ambient) Temperature Under Bias ....... ...=55 to +125°C
Supply Voltage tc Ground Potential
Continuous ..........ocoveevienininin. -05Vto+70V

DC Voitage Applied to Outputs For

High Output State ........ —~0.5 V to +Vgo Max.
DC Input Voltage ................... ...-05 V1t +55V
DC Output Current, Into Outputs ......................... 30 mA
DC input Current ...............c......e.. -30 mA to +5.0 mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device

OPERATING RANGES

Commercial (C) Devices

Temperature ..............cooiiiiiiiiiiii 0 to +70°C

Supply Voltage ......................... +4.75 V to +525 V
Military (M) Devices

Temperature .............ccoooeiiiil -55 to +125°C

Supply Voltage ............................ +45 Vio +55 V

Operating ranges define those limits over which the function-
ality of the device is guaranteed.

reliability.

DC CHARACTERISTICS over operating range unless otherwise specified

Table continued on next page

Parameters Description Test Conditions (Note 2) Min. (l\L {ep'” Max. Units
loH=-16 mA 2.4
Yo-Ya, G/N
Ve = Min, loy = - 800
Von Dutput HIGH Voltage v L TP N Volts
Si0p. 5103, QICH, QIO3, 24
WRITE, Cp+4
Output Leakage Current Veg =Min, Voy=55V
lcex for 2 Output (Note 4) VIN = ViH or V| 250 HA
oL = COM'
Yo. Y. Yz oL =20 mA (COM'L) 05
Y3, Z oL = 16 mA (MIL) -
DBg, DB, loL =12 mA (COM'L) 05
Vo = Min DBy, DB3 IoL = 8.0 mA (MIL) :
VoL Output LOW Voitage . _ Volts
Vin=Vin o= Vit ?/N loL =18 mA 05
P/OVR oL = 10 mA 0.5
Cn+a S'OO
SiO3, Qi0g loL = 8.0 mA 0.5
QI03, WRITE
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs (Note 6) 20 Volts
Guaranteed input logical LOW
viL Input LOW  Level voltage for all inputs (Note 6) 08 Volts
V| Input Clamp Voltage Voo =Min, Iy =-18 mA -15 Volts
Cp -36
Yo. Y1. Y2, Y3 -1.13
lo, 11, 12, 13, 1a
- - DAg, DAy, DAy, DA3 -0.72
Voc =Max., V=05 V
b Input LOW Current (l\%:te 2 IN Si0p, SIOg, QIO mA
QIO3, MSS, DBg, DBy -0.77
DBy, DB3
All other inputs -0.36
Cn 200
Yo, Y4, Yo, Y3 110
= - lo-l4, DAg-DA3 40
i1 Input HIGH Current Vee =Max, Vin=2.7 V SI0g, SIDa, QI0g HA
(Note 4) QI0g, DBgy.3, 90
MSS
All other inputs 20




DC CHARACTERISTICS

Parameters Description Test Conditions (Note 2) Min. (rL ¥:'1) Max. Units
ly input HIGH Current Voo = Max, ViN=5.5V 1.0 mA
Vo=24V 110
Oft State Yo-Y3 Vo =05V “1130
lozn (HIGH Impedance) Voo = Max., = A
lozL Output Current {Note 4) DBg.3, QI0g, QI03, | Vo=24 \ 90
SiOg, SIO3, WRITE/MSS | yo=05V -770
Output Short Circuit Voo =Max. +0.5 V :
los Current (Note 3) Vp=05V 30 85 mA
Ta =25°C 220 335
Ta=0 to 70°C 350
) Power Supply Current v Max comL Ta=70°C 291 A
= : m
cc {Note 5) ce Tc=-55 to 125°C 395
MIL To = 125°C 258
Notes: 1. Typical limits are at Vgg = 5.0 V, 25°C ambient and maximum loading.

2. For conditions shown as Min. or Max., use the appropriate value specified under Operating Ranges for the applicable device type.

»w

o m

" Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. Yp.3, DBo.3, Sl0p3, Qi0p3 and WRITE/MSS are three state outputs internally connected to TTL inputs. Z is an open-collector

output internally connected to a TTL input. Input characteristics are measured under conditions such that the outputs are in the OFF
state.

. Worst case Icc is at minimum temperature.
. These input fevels provide zero noise immunity and shouid only be static tested in a noise-free environment {not functionally tested).




I. Am2903A GUARANTEED COMMERCIAL RANGE PERFORMANCE

The Am2903A Switching Characteristics are a function of the
power supply voltage, the temperature, and the operating

mode of the devices. The data has been condensed onto the
tables below. All numbers in the tables are in ns.

INDEX TO SWITCHING TABLES

Table Data Type Conditions Applicable to
6 Clock and Write Pulse 475 to 525 V, 0 to 70°C All Functions
7 Enable/Disable Times 4.75 to 5.25 V, 0 to 70°C All Functions
8 Setup and Hold Times 4.75 to 5.25 V, 0 to 70°C All Functions
12 Combinational Delays | 4.75 to 525 V, 0 ta 70°C S‘a“da;’eif';‘;"‘;”of“g Incre-
1-3 Combinational Delays 4.75 to 5.25 V, 0 to 70°C Muitiply Instructions
1-4 Combinational Delays 4.75 10 5.25 V, 0 to 70°C Divide Instructions
15 Combinational Delays | 4.75 to 5.25 V, 0 to 70°C %g’r‘nx:r?]’s:“:dgo:’v;zzf
1-6 Combinational Delays 475 10 525 V, D to 70°C Single Length Normalization

I-1. Am2903A GUARANTEED COMMERCIAL

RANGE PERFORMANCE

TABLE 7. ENABLE/DISABLE
TIMES ALL FUNCTIONS

The tables below specify the guaranteed performance of the From To Enable | Disable
Am2903A over the commercial operating range of 0 to +70°C OEY Y 25 21
with Vg from 4.75 to 5.25 V. All data are in ns, with inputs
switching between 0 and 3 V at 1 V/ns and measurements OEB DB 25 21
made at 1.5 V. All outputs have maximum DC load. I S0 25 21
TABLE 6. CLOCK AND WRITE PULSE CHARAC- g QI0 38 38
TERISTICS ALL FUNCTIONS 18765 Qo 38 38
Minimum Clock Low Time 30 ns lazz1o  |QIO 38 38
Minimum Clock High Time {| 30 ns LSS WR 25 21

Minimum Time CP and WE both Low to Write\ 15 ns

Note: C| = 5.0 pF for output disable tests.

Measurement is made to a 0.5 V
change on the output.
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TABLE 8. SETUP AND HOLD TIMES ALL FUNCTIONS

HIGH-to-LOW LOW-to-HIGH
tpwl

From With Respect to Setup Hold Setup Hold Comments
Y CP Don't Care | Don't Care | 14 3 Store Y in RAM/Q (Note 1)
WE HIGH CcP 15 Tpwl 0 Prevent Writing
WE LOW cP Don't Care | Don't Care |15 0 Write into RAM
A, B Source CP 20 3 Don't Care | Don't Care | Latch Data from RAM Out
B Destination cpP 6 Tpwl 3 Write Data into B Address
QI0, 3 CP Don't Care | Don't Care | 17 3 Shift Q
la7es CP 12 - 20 0 Write into Q (Note 2)
TEN HIGH cpP 24 0 Prevent Writing into Q
IEN LOW cP Don't Care | Don't Care |21 0 Write into Q
143210 cP 1B - 32 0 Write into Q (Note 2)

Notes: 1. The internal Y-bus to RAM setup condition will be met 5 ns after valid Y output (OEy =0).

2.

3.

The setup time with respect to CP falling edge is to prevent writing. The setup time with respect
to CP rising edge is to enable writing.

For all other setup conditions not specified in this table, the setup time should be the delay to
stable Y output plus the Y to RAM intemal setup time. Even if the RAM is not being ioaded, this
setup condition ensures valid writing into the Q register and sign compare flip-flop.

. WE controls writing into the RAM. TEN controls writing into Q and, indirectly, controls WE through

the WRITE/MSS output. To prevent writing, JEN and WE must go HIGH during the entire clock
LOW time. They may go LOW after the clock has gone LOW to cause a write, provided the WE
LOW and TEN LOW setup times are met. Having gone LOW, they shouid not be returned HIGH
until after the clock has gone HIGH.

A and B addresses must be set up prior to the clock HIGH-to-LOW transition to latch data at the

RAM output.

. Writing occurs when CP and WE are both LOW. The B address should be stable during this

entire period.

. Because lg7gs controls the writing or not writing of data into RAM and Q, they should be stable

during the entire clock LOW time unless TEN is HIGH, which prevents writing.

. The setup time prior to the clock LOW-to-HIGH transition occurs in paraliel with the setup time

prior to the clock HIGH-to-LOW transition and the clock LOW time. The actual setup time require-
ment on l43210 relative to the clock LOW-to-HIGH transition is the longer of (1) the setup time
prior to clock L —H and (2) the sum of the setup time prior to ciock H —L and the clock LOW
time.

16




SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified
-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4)

To
o WﬂEI SlOg
From Y Ch+a| G, P 4 N OVR DB MSS |QiOg, 3 Sl0g Sl03 Parity
A, B Addr 67 55 52 74 61 67 28 - - 41 62 78
DA, DB 58 50 40 65 54 58 - - - 35 59 65
Cn 33 18 - 35 28 26 - - - 23 30 38
lg-0 64 64 50 72 61 62 - 34 26" 50" 62" 74*
CP 58 42 43 61 54 58 22 - 22 37 54 60
SIOg, SiOz 23 - - 20 - - - - - - 29 19
M3S 44 - 44 44 44 44 - - - 44 44 44
— — - 17 - - - - - - - —
TEN - - - - - - - 20 - - - -
EA 58 50 40 65 54 58 — - - 35 59 65
Notes: 1. A '"—'' means the delay path does not exist.
2. An''*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "'*"* is the delay to correct
data on an enabled output.
Standard Functions: See Table 2 Increment SF 4: F=8+1+Cn
I-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6)
To
_ WHITE/
From Slice Y Ch+4 G, P z N OVR DB M QIOQ,3 Sl0g
MSS 67 (55) - - 61) 67) (28) - - (41}
A, B Addr IS {67) (55) {52) - - - (28) - - 41)
LSS (67) (55) (52) - - - (28) - - (41)
MSS 58 (50) - - (54) (58) - - - (35)
DA, DB IS (58) (50) (40) - - - - _ - (35)
LSS (58) (50) (40) - - - - - _ @5)
MSS 35 (18) - - (28) (26) - - - (23}
Cn IS {33) (18) - - - - - - - {23)
LSS (33) (18) - - - - - - - (23)
MSS 94 75 - - 88 88 - - (26) 73*
[Py 1S 94 75 7 - - - - - (26) 73"
LSS 94 75 7 30 - - - (34} (26) 73*
MSS 58 (42) - - (54) (58) (22) - {22) 37
CP IS (58) (42) (43) - - - 22) - (22) 37)
LSS 90 7 67 26 - - 22) - (22) &9
MSS 64 45 - - 58 58 - - - 43
z 1S 64 45 41 - - - - - - 43
LSS - - - ~ - - - - - -
SIQg, Si03 Any {23) - - - - - - - - -
Notes: 1. A "-'' means the delay path does not exist.
2. An''*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "'*"" is the delay to correct
data on an enabled output.
3. A number in parentheses means the delay path is the same as specified in the Standard Functions and increment by One or Two Instructions
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and increment by One or Two Instruction Test.
Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle
SFO.F=S+Cnif Z=0 SF2.F=S+CnifZ=0 SF 6: F=S+Cnif Z=0
F=S+R+Cnif Z=1 F=R+S+Cnif Z=1 F=S-R-1+Cnif Z=1
Y =Log. F/2 Y =Log. F/2 Y =log. F/2
Q=Llog Q/2 Q =Log. Q/2 Q=Log. Q/2
Y3=Cp+ 4 (MSS) Y3=F3 @ OVR (MSS) Y3=O0VR & (MSS)
2 =Qq (LSS) Z=Qp (LSS) Z=Qp (LSS)




SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified
-4 DIVIDE INSTRUCTIONS (SF A/SF C, SF E)

To
From Slice A Cn+a| G P F4 N OVR DB WR | QIiOp3| SIO3
MSS (67) 61/(55) - 74/- 61 67 (28) - - 62
A, B Addr 1S 67) (55) (52) (74)/~ - - 28) - - (62)
LSS (67) (85) {52) (74)/- - - (28} - - (62)
MSS {58) 55/(50} - 65/~ 54 58 - - - 58
DA, DB 1S (58) (50) (40) (65)/~ - - - - _ (59)
LSS (58) (50) {40) (65)/— - - - - - (59)
MSS {33) 33/(18) - 35/- 28 27 - - - 32
Cn IS (33) (18} - {35)/— - - - - - (30)
LSS (33) (18) - (35)/— - - - - - (30}
MSS 64/84 75/68 - 72/29 61/77 62/77 - - (26) 62/83*
ig-0 IS 64/84 64/68 50/70 72/- - - - - (26) 62/83*
LSS 64/84 64/68 50/70 72/~ - - - (34) (26) 62/83*
MSS (58)/80 46/64 - 61/25 54/66 58/66 (22) - (22) 54/79
cP 1S (58) (42) (43) (61)/— - - {22) - {22) (54)
LSS (58) (42) (43) (61)/- - - {22) - (22) (54)
MSS - - - - - - - - - -
Z IS ~/55 -/39 ~-141 - - - - - - -/54
LSS ~/55 ~/39 -f41 - - - - - - -/54
SIQp, SI03 Any {23) - - - - - - - - -
Notes: 1. A "-" means the delay path does not exist.

2. An"*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ""*" is the delay to correct
data on an enabled output.

3. A number in parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two Instructions
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and increment by One or Two Instruction Test.

4. if two delays are given, the first is for 1st divide and normalization; the second is for two's complement divide and two’s complement divide
correction.

Double Length Normalize and First Divide Op

SF A F=S8+Cn
Y = Log. 2F
Q=Log. 2Q
SIO3 = F4 ® Ry (MSS)
Cn+4=F3 @ Fo (MSS)
OVR=tz $F1éMS_S) o
3 FoFFaF3

Two's Complement Divide

SFC:F=R+S+Cnif Z=0
F=S-R-1+ CnifZ=1
Y =Log. 2F

Q=Llog 2Q
SO = F3 @ RAg (MSS)
Z =F3 ® A3 (MSS) from previous cycle

Two's Complement Divide Correction and Remainder
SFEF=R+S+Cnif Z=0

F=S-R-1+Cnif Z=1

Y=F

Q= Log. 2Q

Z =Fz @ Ry (MSS) from previous cycle




SWITCHING CHARACTERISTICS over the COMMERCIAL operating range unless otherwise specified

1-5 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5)

To
_ WRITE/
From Slice Y Ch+4 G, P [4 N OVR DB MSS Ql0g 3 SI03
MSS 97 81 - 42 89 89 (28) - 102
A, B Addr - s 67) (55) (52) - - - (28) - (62)
LSS (67) (55) (52) - - - (28) - (62)
MSS 94 76 - 37 84 84 - - 97
DA, DB 1S (58) (50) (40) - - - - - (59)
LSS (58) (50) (40) - - - - - (59)
MSS 33 (18) - - 32 27 - - (30)
Cn 1S (33) (18) - - - - - - (30)
LSS (33) (18) - - - - - - (30)
MSS 85 67 - 28 82 73 - - (26) 88*
lg-0 IS 85 67 63 - - - - - {26) 88"
LSS 85 87 63 - - - - (34) (26) 88*
MSS 94 76 - a7 B4 84 22) - (22) 97
cP ] {58) (42) (43) - - - (22) - (22) (54)
LSS (58) (42) (43) - - - {22) - (22) {54)
MSS - - - - - - - - - -
z 1S 57 39 35 - - ~ - - - 60
LSS 57 39 35 - - - - - - 60
S10g, S103 Any (23) - - ~ - - - - - -
Notes: 1. A ="' means the delay path does not exist.

2. An''*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "'**' is the delay to correct
data on an enabled output.

3. A number in parentheses means the delay path is the same as specifiad in the Standard Functions and Increment by One or Two instructions
Table. This specification is not tested but is guaranteed by carreiation to the Standard Function and Increment by One or Two Instruction Test.

SF5 F=8+Cnif Z=0 Y3 =53 ® F3 (MSS) Q=Q
F=S+CniftZ=1 Z =S (MSS) N=F3ifZ=0
N=F3 @ 83 if Z=1




1-6 SINGLE LENGTH NORMALIZATION (SF 8)

To
_ WRITE/
From Slice Y Cn+4 G, P z N OVR DB MSS Ql0g 3 SI03
MSS {67) - - - - - (28) - - (62)
A, B Addr 5 {67) (55) (52) - - - (28) - - (62)
LSS 67) (55) (52) - - - (28) - - {62)
MSS (58) - - - - - - - - {59)
DA, DB 1S (58) (50) (40) - - - - - - (59)
LSS (58) {80) (40) - - - - _ - (59)
MSS (33) ~ - - - - - - - (30)
Cn 1S (33) (18} - - - - - - _ (30)
LSS (33) (18) - - - - - - - (30)
MSS 64 37 - 29 24 24 - - (26) 62*
Ig~0 IS 64 64 50 29 - - - - (26) 62"
LSS 64 64 50 29 - - - (34) (26} 62"
MSS (58) 29 - 26 26 29 {22) - (22} (54)
CP 1S (58) (42) (43) 26 - - (22) - (22) (54)
Lss (58) (42) (43) 26 - - (22) - (22) (54)
MSS - - - - - - - - - -
z 1S - - - - - - - - - -
LSS - - - - - - - - - -
SiOp, SIO3 Any (23) - - - - - - - - -
Notes: 1. A "-"" means the delay path does not exist.

2. An"*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "'*"" is the delay to correct
data on an enabled output.

3. A number in parentheses means the delay path is the same as specified in the Standard Functions and increment by One or Two Instructions
Tabie. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test.

SF 8 F=8+Cn Cn+4=Q3 @ Qy (MSS) OVR =0z © Qp (MSS)
N=Q3 (MSS) Z=000765‘®
Y=F
Q=Llog. 2Q
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Il. Am2903A GUARANTEED MILITARY RANGE PERFORMANCE

The Am2903A Switching Characteristics are a function of the
power supply voltage, the temperature, and the operating

mode of the devices. The data has been condensed onto the
tables below. All numbers are in ns.

INDEX TO SWITCHING TABLES

Table Data Type Conditions Applicable to

9 Clock and Write Pulse f'ssst?osi‘zs\:b All Functions

10 Enable/Disable Times f-555t?051.525\‘{’c All Functions

11 Setup and Hold Times f’ssst?o 51525\!C All Functions

1-2 Combinational Delays f.555t?051.25\!’c Standa:geirr:)(;tic:no?ng Incre-
1-3 Combinational Delays fést?osiszs\‘{’c Multiply Instructions

1-4 Combinational Delays f'ssst?o 5125\.,10 Divide Instructions

1-6 Combinational Delays f'555t?05i525\:b Single Length Normalization

1I-1. Am2903A GUARANTEED MILITARY
RANGE PERFORMANCE

The tables below specify the guaranteed performance of the
Am2903A over the military operating range of - 55 to 125°C,
with Voo from 4.5 to 5.5 V. All data are in ns, with inputs
switching between 0 and 3 V at 1 V/ns and measurements
made at 1.5 V. All outputs have maximum OC load.

TABLE 9. CLOCK AND WRITE PULSE CHARAC-
TERISTICS ALL FUNCTIONS

Minimum Clock Low Time 30 ns
Minimum Clock High Time [ 30 ns
Minimum Time CP and WE both Low to Write \l 30 ns

~ -

TABLE 10. ENABLE/DISABLE
TIMES ALL FUNCTIONS

From To Enable | Disable
OEY Y 25 21
OEB DB 25 21
tg SIO 25 21
Is QI0 38 38
ls765 Qio 38 38
143210 Qlo 38 38
LSS WR 30 25

Note: CL = 5.0 pF for output disable tests.
Measurement is made to a 0.5 V
change on the output.
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TABLE 11. SETUP AND HOLD TIMES ALL FUNCTIONS

HIGH-to-LOW LOW-to-HIGH
'pwl A

From With Respect to Setup Hold Setup Hold Comments
Y cP Don't Care | Don't Care | 14 3 Store Y in RAM/Q (Note 1)
WE HIGH cP 15 Tpwl 0 Prevent Writing
WE LOW CcP Don't Care | Don't Care |15 0 Wirite into RAM
A, B Source CP 20 3 Don't Care | Don't Care | Latch Data from RAM Out
B Destination CP 6 Tpwi 3 Write Data into B Address
QI0p 3 CP Don't Care | Don't Care | 17 3 Shift Q
8765 CcP 12 - 20 0 Write into Q (Note 2)
TEN HIGH cP 24 0 Prevent Writing into Q
JEN LOW CP Don't Care | Don't Care |21 0 Wiite into Q
143210 CP 18 - 32 0 Write into Q (Note 2)
Notes: 1. The internal Y-bus to RAM setup condition will be met 5 ns after valid Y output (OEy =0).

2.
3.

~N oo

The setup time with respect to CP falling edge is to prevent writing. The setup time with respect to CP rising edge is to enable writing.
For all other setup conditions not specified in this table, the setup time should be the delay to stable Y output, plus the Y to RAM internal setup
time. Even if the RAM is not being loaded, this setup condition ensures valid wriling into the Q register and sign compare flip-flop.

. WE controls writing into the RAM. TEN controls writing into Q and, indirectly, controls WE through the WRITE/MSS autput. To prevent writing,

TEN and WE must go HIGH during the entire clock LOW time. They may go LOW after the clock has gone LOW 10 cause a write, provided the
WE LOW and TEN LOW setup times are met. Having gone LOW, they should not be returned HIGH until after the clock has gone HIGH.

. A and B addresses must be set up prior to the clock HIGH-to-LOW transition to latch data at the RAM output.
. Writing occurs when CP and WE are both LOW. The B address should be stable during this entire period.
. Because lg7g5 controls the writing or nol writing of data into RAM and Q, they should be stable during the entire clock LOW time unless ENis

HIGH, which pravents writing.

. The setup time prior to the clock LOW-to-HIGH transitian occurs in parallel with the setup time prior to the clock HIGH-to-LOW transition and the

clock LOW time. The actual setup time requirement on l4321¢ refative to the clock LOW-to-HIGH transition is the longer of (1) the setup time
prior to clock L —~H and (2) the sum of the setup time prior to clock H —L and the clock LOW time.
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SWITCHING CHARACTERISTICS over the MILITARY operating range uniess otharwise specified
11-2 STANDARD FUNCTIONS AND INCREMENT BY ONE OR TWO INSTRUCTIONS (SF 4)

To

o WﬂI_EI Si0g

From Y Ch+s| G P r4 N OVR DB M QIOo, 3| S10g SI0;3 Parity
A, B Addr 70 58 52 78 68 67 28 - - 47 7 84
DA, DB 60 52 40 66 55 58 - - - 35 81 74
Cn 35 19 - 41 31 29 - - - 23 33 40
lg~0 72 69 56 80 71 69 - 36 26" 58* 75" 89"
cpP 60 42 43 87 55 58 22 - 25 41 61 66
Sl0g, SIO3 26 - - 29 - - - - - - 29 19
MSS 44 - 44 44 44 44 - - - 44 44 44
Y - - - 17 - - - - - - - -
EN - - - - - - - 20 - - - -
EA 60 52 40 66 55 58 - - - 35 61 74

Notes: 1. A "-" means the delay path does not exist.

2. An'*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "' *"' is the delay to correct
data on an enabled output.

Standard Functions: See Table 2 Increment SF 4: F=8+1+GCn

II-3 MULTIPLY INSTRUCTIONS (SF 0, SF 2, SF 6)

To
- W_F_CLI'_EI
From Slice Y Ch+4d G, P F4 N OVR DB MSS | QlOg 3 SI0g
Mss 72 (58) - - (68) (67) (28) - - 4n
A, B Addr 1S (70) (58) (52) - - - (28) _ _ a7
LSS (70} (58) (52) - = - (28) - - (47)
MSS 62 (52) - - (55) (58) - - - (35)
DA, DB IS (60) (52) (40) - - - _ - - (35)
LSS (60) (52) (40) - - - - _ Z (3@5)
MSS 40 (19) - - (31) (29) - - - (23)
Cn 1s (35) 19) - - - - - - - (23)
LSS (35) (19) - - - - - ~ - (23)
MSS 108 84 - - 98 98 - - (26) B1*
lg-0 1S 108 84 80 - - - - - (26) Bt*
LSS 108 84 80 a3 - - - (36) (26) Bt*
MSS 62 (42) - - (55) (68) 22) - (25) 41)
cP IS (60) (42) (43) - - - (22) - (25) (41)
LSS 104 B0 74 29 - - {22) - (25) 77
MSS 75 51 - - 65 65 - - - 48
z IS 75 51 47 - - - - - - 48
LSS - - - - - - - - - -
SI0g, SiO3 Any (26) - - _ Z _ _ _ ” ~
Notes: 1. A "-" means the delay path does not exist.

2. An""*'"" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ''*"" is the delay to correct
data on an enabled output.

3. A number in parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two instructions
Tabte. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test.

Unsigned Multiply Two's Complement Multiply Two's Complement Multiply Last Cycle
SFO: F=S+Cnif Z=0 SF 22 F=S+CnitZ=0 SFE6&EF=S+CnifZ=0
F=S+R+Cnif Z=1 F=R+S+Cnif Z=1 F=S-R-1+Cnif Z=1
Y3 = Cp + 4 (MSS) Y3 =F3 & OVR (MSS) Ya=O0OVR & F3 (MSS)
Z=0Qp*(LSS) Z=Qq (LSS) Z =Qq {LSS)
Y =Log. F/2 Y=Llog. F/2 Y =Llog. F/2
Q=Log. Q/2 Q=Log. Q/2 Q=Llog Q/2
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified
il-4 DIVIDE INSTRUCTION (SF A/SF C, SF E)

To
From Slice Y Ch+s4| G, P z N OVR DB WR [QiOg3| SIOg
MSS {70) 72/(58) - 78/~ 68 67 (28) - - 7
A, B Addr IS (70) (58) 52) (78)/- - - (28) - - (71)
LSS (70) (58) (52) (78)/- - - (28) - - 1)
MSS {60) 66/(52) - 66/~ 55 58 - - - 61
DA, DB 1S (60) (52) (40) (66)/- - - - - - 1)
Lss (60) (52) (40) (66)/- - - - - - (61)
MSS (35) 37/(19) - 41/~ N 29 - - - 36
Cn 1S (35) (19) - (41)/- - - - - - (33)
LSS (35) (19) - (41)/- - - - - - (33)
MSS 72/96 89/79 - 80/33 71/91 69/91 - - (26) 75/98
lg-o IS 72/96 69/79 56/79 80/- - - - - (26) 75/98
LSS 72/96 69/79 56/79 B8O/~ - - - (36) (26) 75/98
MSS (60)/91 | 51/74 - 67/28 | 55/74 | 58/74 (22) - 25) 61/93
CcP IS (60) 42) (43) (67)/- - - {22) - (25) {61)
LSS (60) (42) (43) (67)/- - - (22) - (25) {61)
MSS - - - - - - - - - -
z IS -/63 /46 -/46 - - - - - - -/65
LSS -/63 ~/46 -/46 - - - - - - -/85
Si0g, SI03 Any (26) - - - - - - - - -
Notes: 1. A '"-'' means the delay path does not exist.

2. An''*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an "'**' is the delay to correct
data on an enabled output.

3, A number in parentheses means the delay path is the same as specified in the Standard Functions and increment by One or Two Instructions
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and increment by One or Two Instruction Test.

4. If two delays are given, the first is for 1st divide and normalization; the second is for two's complement divide and two's complement divide
correction.

Double Length Normalize and First Divide Op

SF A: F=8+0Cn
SlO3 =F3 @ Rg (MSS)
Cn+4=F3 & Fp (MSS)
OVR=F; & Fy (MSS) o
Y = Log. 2F
Q=Log. 2Q

Two's Complement Divide

SFC:F=R+S+Cnif Z=0
F=8-R-1+ CnifZ=1
Y = Log. 2F
Q=Log. 2Q
SIO3 = F3 & Rg (MSS)
Z=F3 @ Rg (MSS) from previous cycle

Two's Complement Divide Correction and Remainder

SFEF=R+S+CnifZ2=0
F=S-R-1+CnitZ=1
Y=F
Q=Log. 2Q
Z=F3z @ R (MSS) from previous cycle
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SWITCHING CHARACTERISTICS over the MILITARY operating range unless otherwise specified

I1-5 SIGN MAGNITUDE TO TWO'S COMPLEMENT CONVERSION (SF 5)

To
_ WRITE/
From Slice Y Cn+4 G, P z N OVR DB MSS Ql10p 3 SI03
MSS 114 95 - 49 106 106 (28) - - 125
A, B Addr IS (70) (58) (52) - ~ - (28) - - 71)
LSS (70) (58) (52) - - - (28) - - 1)
MSS 108 89 - 43 101 101 - - - 119
DA, DB 1S (60) (52) (40} - - - - - - (61)
LSS (60) (52) (40) - - - - - - 61)
MSS 36 {19) - - 35 29 - - - (33)
Cn IS (35) (19) - - - - - - - {33)
LSS (35) (19) - - - - - - - (33)
MSS 98 79 - 33 97 88 - - (26) 109*
lg-¢ IS 98 79 73 - - - - - {26) 109*
LSS 28 79 73 - - - - (36) (26) 108*
MSS 108 89 - 43 101 101 (22) - (25) 119
CP 1S (60) (42) {43) - - - (22) - (25) (61)
LSS (60) (42) (43) - - - 22) - (25) 1)
MSS - - - - - - - - - -
z IS 65 46 40 - - - - - - 76
LSS 65 46 40 - - - - - - 76
EN
Si0p, SIO3 Any - - - - - - - - - -
Notes: 1. A "-" means the delay path does not exist.
2. An’'*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ''**' is the delay to correct
data on an enabled output.
3. A number in parentheses means the delay path is the same as specified in the Standard Functions and Increment by One or Two instructions
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and Increment by One or Two Instruction Test.
SF5 F=8+CnifZ=0 Y3=S3 ® F3 (MSS) Q=Q
F=S+Cnif Z=1 Z = S3 (MSS) N=Fgz Z=0
Y=F N=F3 ® Sg; Z=1
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11-6 SINGLE LENGTH NORMALIZATION (SF 8)

To
_ WRITE/
From Slice Y Ch+a G P z N OVR DB MSS Ql0g 3 Sl103
MSS (70} - - - - - (28) - - 71
A, B Addr IS (70) (58} (52) - - - (28) - - 7
LSS (70) (58} (52) - - - (28) - - 7
MSS (60) - - - - - - - - [G))
DA, DB 1S (60) (52) (40) - - - - - - 61)
LSS (60) (52) (40) - = - - - - (61)
MSS (35) - - - - - - - - (33)
Cn 1S (35) (19) - - - - - - - (33)
LSS (35) (18) - - - - - - - (33)
MSS 72 47 - 33 27 27 - - (26) 75*
lg—o 1S 72 69 56 33 - - - - (26) 75*
LSS 72 69 56 33 - - - - (26) 75"
MSS (60) 31 - 28 26 31 (22) - (25) 61)
cP 1S (60) (42) (43) 28 - - (22) - (25) (61)
LSS {60) (42) (43) 28 - ~ (22) - (25) (61)
MSS - - - - - - - - - -
z s - - - - - - - - - -
Lss - - - - - - - - - -
SIQg, SI03 Any {26) - - - - - - - N _
Notes: 1. A "-"" means the delay path does not exist.

2. An"'*" means the output is enabled or disabled by the input. See enable and disable times. A number shown with an ''**' is the delay to correct
data on an enabled output.

3. A number in parentheses means the delay path is the same as specified in the Standard Functions and increment by One or Two Instructions
Table. This specification is not tested but is guaranteed by correlation to the Standard Function and increment by One or Two instruction Test.

SF 8 F=S5+Cn Cn+4=0Q3 goé (MSS) OVR=Qz & Q; (MSS)
N=Qg3 (MSS) Z=0p 04 02 Q3
Y=F
Q= Log. 2Q
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SWITCHING TEST CIRCUITS

I Vee

Ve
N
R
s, B St R Sy !
Vour 60— ¢ Vour 00" Vout o—o%
C
X I iy I a IcL
S = = = =
;{ TCOD1150 TCG01091
TC001160

A. Three-State Outputs B. Normal Outputs

C. Open-Collector Outputs

24V
Ry = —
loH
Ry = 5.0-VBe-VoL _ 5.0-Vee-VoL R = 5.0-VoL
! loL + VoL/1K loL + VoL/Rz ! loy

Notes: 1. C_ =50 pF includes scope probe, wiring and stray capacitances without device in hand in test

fixture.

2. 84, Sp, Sz are closed during function tests and all A.C. tests except output enable tests.

3. Sy and Sg are ciosed while Sp is open tor tpzH test.
S4 and Sp are closed while S is open for tpzL test.
4. C_=5.0 pF for output disable tests.

KEY TO SWITCHING WAVEFORMS
WAVEFORM INPUTS OUTPUTS TEST OUTPUT LOADS
wese L Test
Circuit R1 () Rz (k)
m MAY CHANGE  Giakeing A 470 !
FROMHTOL A YO—S 240 1
B C 470 3
way crance  WILLEE nt4
FROML TOM  gromt TOM B P/OVR 390 3
B G/N 220 1.5
DON'T CARE: CHANGING;
T e c 270 -
CENTER
M oer !L»;“;Eéi:'ci" For additional information on tesling, see
L OFFTSTATE section, "'Guidelines on Testing Am2900 Family
Devices,” in the 1985 BMLI databook, p. 13-2.
KS000010
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PHYSICAL DIMENSIONS (Cont'd.)

SD 028
28 15
70
10
L/ |
1 14 _
w{" =098 MAX. | p——

T

090 : i 015 590 i
azs OO —f— 50 2
60 110 . .030 022 620
! 080
PID #¢ 074308

CL 052
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PHYSICAL DIMENSIONS
CFT048

045 MAX.

[ =]

2

030 MIN. e

PID # 07888A
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The International Standard of

Quality guarantees a 005% AQL on all
electrical parameters, AC and DC,

over the entire operati
m‘l‘m'£§
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