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Chapter 14
The Am2903/2910!

General Description of the Am2903

The Am2903 is a 4-bit expandable bipolar microprocessor slice.
The Am2903 performs all functions performed by the industry
standard Am2901A and, in addition, provides a number of
significant enhancements that are especially useful in arithmetic-
oriented processors. Infinitely expandable memory and three-
port, three-address architecture are provided by the Am2903. In
addition to its complete arithmetic and logic instruction set, the
Am2903 provides a special set of instructions which facilitate the
implementation of multiplication, division, normalization, and
other previously time-consuming operations. The Am2903 is
supplied in a 48-pin dual in-line package.

Architecture of the Am2903

The Am2903 is a high-performance cascadable 4-bit bipolar
microprocessor slice designed for use in CPU’s, peripheral
controllers, microprogrammable machines, and numerous other
applications. The 9-bit microinstruction selects the ALU sources,
function, and destination. The Am2903 is cascadable with full
lookahead or ripple carry, has three-state outputs, and provides
various ALU status flag outputs. Advanced low-power Schottky
processing is used to fabricate this 48-pin LSI circuit.

All data paths within the device are 4 bits wide. As shown in
Fig. 1, 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 9-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. Identical data appears 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 OEp three-state output enable, RAM data
can be read directly at the Am2903 DB I/O port.

External data at the Am2903 Y I/O port can be written directly

!'Abstracted from “Am2903, The Superslice” and “Am2910 Microprogram
Controller” specification sheets, Advanced Micro Devices, Inc., 1978,

into the RAM, or ALU shifter output data can be enabled onto the
Y I/O 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 Am2903 high-performance ALU can perform seven arithme-
tic 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 E, input selects either the DA external
data input or RAM output port A for use as one ALU operand, and

~ the OEg and I, 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, zeros are forced at
the ALU operand inputs. Thus, the Am2903 ALU can operate on
data from two external sources, from an internal and external
source, or from two internal sources. Table 1 shows all possible
pairs of ALU source operands as a function of the E5, OEg, and I
inputs.

When instruction bits I, Iz, I, I;, and I are LOW, the Am2903
executes special functions. Table 4 defines these special functions
and the operation which the ALU performs for each. When the
2903 executes instructions other than the nine special functions,
the ALU operation is determined by instruction bits L, I, I, and
I,. Table 2 defines the ALU operation as a function of these four
instruction bits.

Am2903’s may be cascaded in either a ripple carry or lookahead
carry fashion. When a number of Am2903’s are cascaded, each |
slice must be programmed to be a most significant slice (MSS), -
intermediate slice (IS), or least significant slice (L.SS) of the array. :
The carry generate, G, and carry propagate, P, signals required |
for a lookahead carry scheme are generated by the Am2903 and
are available as outputs of the least significant and intermediate
slices.

The Am2903 also generates a carry-out signal, C,.4, which is
generally available as an output of each slice. Both the carry-in,
C., and carry-out, C,.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 exceeds the available 2's complement
number range. The N and OVR signals are available as outputs |
of the most significant slice. Thus the multi-purpose G /N and |
P /OVR outputs indicate G and P at the least significant and
intermediate slices, and sign and overflow at the most significant
slice. To some extent, the meanings of the Cy:s, 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 Am2903 instruction.
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Fig. 1. Block diagram.
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Table 1 ALU Operand Sources

E, I, OE, ALU operand R ALU operand S
L L L RAM output A RAM output B
L L H RAM output A DB,

L H X RAM output A Q Register
H L L DA,.; RAM output B
H L H DA,.» DBy,

H H X DA, Q Register

L=LOW H = HIGH X =don’t care

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 logical shift operation shifts data through this bit position (see
Fig. 2). SIO, and SIO; are bidirectional serial shift inputs/outputs.
During a shift-up operation, SIO, is generally a serial shift input

Table 2 ALU Functions

Section 1 | Microprogram-Based Processors
Ry v F3
SPECIAL
FUNCTION
AORC o apb—nno

SIGN
COMPARE

[+]]

CP —f CLK

The sign compare signal appears at the Z output of the most significant slice

I, I, I, I, Hex code ALU functions
lo=1L Special functions
Lttt 0 lo=H F,=HIGH
L L L H 1 F = S Minus R Minus 1 Plus C,
L L H L -2 F = R Minus S Minus 1 Plus C,
L L H H 3 F =R Plus S Plus C,
L H L L -4 F = S Plus C,
L H L H 5 F=S8PuuscC,
L H H L 6 F = RPlus C,
L H.H H 7 F=RPlusC,
H L L L 8 F, = LOW
H L L H 9 F,=R,AND S,
H L H L A F; = R, Exclusive - NOR S,
H L H H B F: = R; Exclusive - OR S;
H H L L C Fi= R, AND S,
H H L H D F,=R;NOR S,
H H H L E Fi = R NAND §;
H H H H F F,=R/ORS;
L=LOW H = HIGH i=0to3

during special functions C, D and E, F. Refer to Table 5.

Fig. 2

and SIO; a serial shift output. During a shift down operation, SIO;
is generally a serial shift input and SIO, a serial shift output.

To some extent, the meaning of the SIO; and SIO; 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 SIO, (sign) input
can be extended through Yy, Yi, Yz, and Y; and propagated to the
SIO; output.

A cascadable 5-bit parity generator/checker is designed into the
Am2903 ALU shifter and provides ALU error detection capability.
Parity for the Fy, Fy, F3, and F3 ALU outputs and SIO; input is
generated and, under instruction control, is made available at the
SIO, output.

The instruction inputs determine the ALU shifter operation.
Table 4 defines the special functions and the operation the ALU
shifter performs for each. When the Am2903 executes instructions
other than the nine special functions, the ALU shifter operation is
determined by instruction bits Igl;Igl;. Table 3 defines the ALU
shifter operation as a function of these four bits.

Q Register

The Q register is an auxiliary 4-bit register. It is intended
primarily for use in multiplication 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 reg-
ister 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. QIO, and QIQ; are bidirectional shift serial
inputs/outputs. During a Q-register shift-up operation, QIO,
is a serial shift input and QIO; is a serial shift output. During a
shift-down operation, QIO; is a serial shift input and QIQ, is a
serial shift output.



Double-length arithmetic and logical shifting capability is
provided by the Am2903. The double-length shift is performed by
connection QIO; of the most significant slice to SIO, 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 Am2903 special functions and the
operations which the Q register and shifter perform for each.
When the Am2903 executes instructions other than the nine
special functions, the Q register and shifter operation is con-
trolled by instruction bits IsI;Isl;. Table 3 defines the Q register
and shifter operation as a function of these four bits.

Output Buffers

The DB and Y ports are bidirectional /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. Likewise,
the DB output buffers are enabled when the OEg is LOW and in
the high-impedance state when OEg is HIGH.

The zero, Z, pin is an open-collector input/output that can be
wired ORed between slices. As an output it can be used as a zero
detect status flag and generally indicates that the Y, 5 pins are all
LOW, whether they are driven from the Y output buffers or from
an external source connected to the Yy3 pins. To some extent the
meaning of this signal varies with the instruction being per-
formed. Refer to Table 5 for an exact definition of this signal as a
function of the Am2903 instruction.

Instruction Decoder

The Instruction Decoder generates required internal control
signals as a function of the nine instruction inputs, Lig; the
Instruction Enable input, TEN: 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 Am2903
instruction inputs.

When IEN is HIGH, the WRITE output is forced HIGH and
the Q register and Sign Compare Flip-Flop contents are pre-
served.

When IEN is LOW, the WRITE output is enabled and the Q
register and Sign Compare Flip-Flop can be written according to
the Am2903 instruction. The Sign Compare Flip-Flop is an
on-chip flip-flop which is used during an Am2903 divide operation
(see Fig. 3). '

Programming the Am2903 Slice Position

Tying the LSS input LOW programs the slice to operate as a least
significant slice (LSS) and enables the WRITE output signal onto
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the WRITE/MSS bidirectional I/O 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).

Am2903 Special Functions

The Am2903 provides nine special functions which facilitate the
implementation of the following operations:

¢ Single- and double-length normalization
e 2's complement division

* Conversion between 2’s complement and sign magnitude
representation

s Incrementation by 1 or 2

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 a 2's
complement, non-restoring divide operation are provided by the
Am2903. 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 2's
complement multiply special functions can be used to multiply
two n-bit unsigned or 2’s complement numbers in n clock cycles.
These functions utilize the conditional add and shift algorithm.
During the last cycle of the 2's complement multiplication, a
conditional subtraction, rather than addition, is performed be-
cause the sign bit of the multiplier carries negative weight.

The sign/magnitude—2’s complement special function can be
used to convert number representation systems. A number
expressed in sign/magnitude representation can be converted to
the 2's complement representation, and vice-versa, in one clock
cycle.

The increment by 1 and increment by 2 special functions can be
used to increment an unsigned or 2's complement number by 1 or
2. This is useful in 16-bit-word, byte-addressable machines,
where the word addresses are multiples of 2.

Pin Definitions

Ags Four RAM address inputs which contain the ad-
dress of the RAM word appearing at the RAM A
output port.

Bos Four RAM address inputs which contain the ad-

dress of the RAM word appearing at the RAM B
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Table 3 ALU Destination Control for I, ORI, OR I, OR |, OR I, = HIGH, IEN = LOW

SI1O, Y,
Hex ALU shifter Most sig. Other | Most sig. Other

Is I, Is 1y | code | function slice slices slice slices

L L L. L 0 Arith. F2—> Y Input Input Fs SIO,

L L L H 1 Log.F2—Y - Input Input Sio, SIO,

L L H L 2 Arith. F2—>Y Input Input Fs SIO,

L L H H 3 Log. Fl2—>Y Input Input SIO, SI0,

L H L L 4 F-Y Input Input F, F,

L H L H 5 F—->Y Input Input Fa F,

L H H L 6 F->Y Input Input Fsy Fs

L H H H 7 F->Y Input Input Fs Fs

H L L L 8 Arith. 2F - Y F. Fy Fa, F2

H L L H 9 Log. 2F = Y Fs Fs Fe F.

H L H L A Arith. 2F = Y F, F, F, F,

H L H H B Log. 2F > Y Fa Fa F, F,

H H L L| C |FoY Fo Fa | F Fs

H H L H D F =Y Fs Fy Fs Fa

H H H L | E | SI0O>Y,Y,Y,Y, | SIO, 810, | SIO, SI0,

H H H H| F |Foy Fa Fa Fa Fs

Parity = F,%F, ¥ F, ¥ F, %8I0,
¥ = Exclusive OR

output port and into which new data is written C, The carry-in input to the Am2903 ALU.
when the WE input and the CP input are LOW. Ios The nine instruction inputs used to select the
The RAM write enable input. If WE is LOW, data Am2903 operation to be performed. -
at the Y I/O port is written into the RAM when the IEN The Instruction enable input which, when LOW,
CP input is LOW. When WE is HIGH, writing enables the WRITE output and allows the Q
data into the RAM is inhibited. register and the Sign Compare Flip-Flop to be
A 4-bit external data input which can be selected as written. When IEN is HIGH, the WRITE output
one of the Am2903 ALU operand sources; DA, is is forced HIGH and the Q register and Sign
the least significant bit. Compare Flip-Flop are in the hold mode.
A control input which, when HIGH, selects DAy Cois This output generally indicates the carry-out of the
and, when LOW, selects RAM output A as the Am2903 ALU. Refer to Table 5 for an exact
ALU R operand. . definition of this pin.
A 4-bit external data input/output. Under control of G/N A multi-purpose pin which indicates the carry
the OEg input, RAM output port B can be directly generate, G, function at the least significant and
read on these lines, or input data on these lines can intermediate slices, and generally indicates the
be selected as the ALU S operand. sign, N, of the ALU result at the most significant
A control input which, when LOW, enables RAM slice. Refer to Table 5 for an exact definition of this
output B onto the DBy lines and, when HIGH, _ pin. :
disables the RAM output B tri-state buffers. P/OVR A multi-purpose pin which indicates the carry
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Y: QReg. &

Most sig. Other . shifter

slice slices Y, Y, SIO, Write Sfunction QI10; | QIO,

S10, Fy F, £, Fo L Hold Hi-Z | Hi-Z

Fs Fs F, F, Fo L Hold Hi-z | Hi-Z

SI0, Fs F. F, Fo L Log.Q2—>Q | Input | Q,

Fa Fs F, F, Fo L Log.Q2—>Q | Input | Q

F. F. F, Fo Parity L Hold Hi-Z Hi-Z

F. F, F, Fo Parity H Log. Q/2—Q Input Qo

F. F, F, Fo Parity H F—Q Hi-Z Hi-Z

F, F. F, Fo Parity L F—=Q Hi-Z Hi-Z

Fy F, Fo SI0, | Input L Hold Hi-Z Hi-Z

F, F, Fo SI0, Input L Hold Hi-Z Hi-Z

F, F, Fo SI0, | Input L Log.2Q—Q Q; Input

F, F, Fo SIO, Input L Log. 20— Q Q, Input

F, F. F, Fo Hi-Z H Hold Hi-Z Hi-Z

F, F, F, Fo Hi-Z H Log. 20— Q Q, Input

SI0, Sl0, Sio, S10, Input L Hold Hi-Z Hi-Z

F, F, F, Fo Hi-Z L Hold Hi-Z Hi-Z

L=LOW Hi-Z = high-impedance
H = HIGH

propagate, P, function at the least significant and TSS An input pin which, when tied LOW, programs the
intermediate slices, and indicates the conventional chip to act as the least significant slice (LSS) of an
2's complement overflow, OVR, signal at the most Am2903 array and enables the WRITE output onto
significant slice. Refer to Table 5 for an exact the WRITE/MSS pin. When LSS is tied HIGH,
definition of this pin. the chip is programmed to operate as either an

Z An open-collector input/output pin which, when intermediate or most significant slice and the
HIGH, generally indicates the Y, 3 outputs are all WRITE output buffer is disabled.
LOW. For some special functions, Z is used as an WRITE/ When LSS is tied LOW, the WRITE output signal
input pin. Refer to Table 5 for an exact definition of MSS appears at this pin; the WRITE signal is LOW
this pin. when an instruction which writes data into the

SIO,, Bidirectional serial shift inputs/outputs for the ALU RAM is being executed. When LSS is tied HIGH,

SIO; shifter. During a shift-up operation, SIO, is an WRITE/MSS is an input pin; tying it HIGH
input and SIO; an output. During a shift-down programs the chip to operate as an intermediate
operation, SIO; is an input and SIO, is an output. slice (IS) and tying it LOW programs the chip to
Refer to Tables 3 and 4 for an exact definition of operate as the most significant slice (MSS).
these pins. Yos Four data inputs/outputs of the Am2903. Under

QIO,, Bidirectional serial shift inputs/outputs for the Q control of the OEy input, the ALU shifter output

QIO shifter which operate like SIQ, and SIO;. Refer to data can be enabled onto these lines, or these lines

Tables 3 and 4 for an exact definition of these pins.

can be used as data inputs when external data is
written directly into the RAM.
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