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THE BIPOLAR MICROCOMPUTER COMPONENTS
DATA BOOK

This data book describes a series of high complexity bipolar digital building blocks designed specifically for implementing
high performance computer or controller systems. The series offers a system designer the maximum flexibility for achieving
cost-effective hardware designs from dedicated, highly specialized unique systems with tailored instructions to general-
purpose computers capable of emulating existing machine instructions, or programs, without loss of software investment.

In addition to a choice between the high-performance SchottkyT TTL 4-bit slice processor element, the unique performance
flexibility of an 12L 4-bit slice processor element, or a 16-bit computer central processing unit (CPU), the system designer can
pick from a full family of Schottky TTL memories (RAMs, PROMs and ROMs), and state-of-the-art support functions needed
to meet all control and interface requirements.

The SN74S481, with a typical clock cycle time of 90 ns, and the SN54LS481/SN74LS481 at 120 ns, are the industry’s
highest complexity Schottky TTL processor elements, and the only bipolar micro/macroprogrammable elements featuring
automatically sequenced iterative multiply and divide and cyclical-redundancy algorithms.

The SBPO400A and the SBPO401A, integrated injection logic (12L) bit slices with complete TTL/MOS compatibility, can
operate at a constant speed-power product over a wide range of supply current therein offering an unmatched level of
performance flexibility.

The SBP 9900 microprocessor, a ruggedized monthlithic parallel 16-bit (12L) central processing unit (CPU), combines an
advanced memory-to-memory architecture, a powerful minicomputer instruction set, user-programmable speed/power
performance with the simplicity of a single power supply and static logic with a single phase clock to thrust its capabilities
beyond those of existing microprocessors.

The family of high-performance Schottky TTL memories offers a wide variety of organizations providing efficient solutions
for virtually any size microcontrol or program memory.

System control is simplified to a very low package count with the expandable SN54S/74S482 4-bit slice controller
performing next-address generation functions coupled with system status decoding performed by the industry’s most versatile
field-programmable logic arrays.

A number of advanced high-complexity |/O and interface circuits have been added to the series. Most of these 1/0 and
interface functions as well as a number of the other processor support functions are offered in space saving 20-pin packages
which reduce package count and enhance system density.

Although this volume offers design and specification data only for bipolar computer components, complete technical data for
any Tl semiconductor/component product are available from your nearest T1 field sales office, local authorized TI
distributor, or by writing direct to: Marketing and Information Services, Texas Instruments Incorporated, P. O. Box 5012,
MS 308, Dallas, Texas 75222.

We sincerely hope you will find the Bipolar Microcomputer Components Data Book a meaningful addition to your technical
library.

NOTICE
Tintegrated Schottky-Barrier diode- T I Some products described in thi
ped transistor is 1 by EXAS INSTRUMENTS curmeat ore in the devslopments
Texas Instruments. U. S. Patent INCORPORATED document are in the developmental
Number 3,463,975, POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 stage, and Texas Instruments reserves

the right to change these specifica-
tions in any manner, without notice.
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NUMERICAL INDEX

TYPE NUMBERS SECTION  PAGE TYPE NUMBERS SECTION PAGE
SBP 0400AM, SBP 0400AC . . . . . ... ...... 2 1 SN74S314 . . . ..o 4 27
SBP 0401AM,SBPO401AC . . . . . . ... ..... 2 1 SN7Z4LS315 . . o o 4 27
SBP 8316M,SBP8316C . . . . . .. ... ...... 4 16 SN74S330. . . ... 5 13
SBP9818M,SBP9818C . . . . . ... . ....... 4 16 SN74S33T . . ot 5 13
SBP 9900M, SBP9900E . . . . . ... ... ..... 3 1 SN54S370,SN74S370 . . . . . o .o 4 9
SNB488A, SN7488A . . . . . . . .o 4 9 SN54S371,SN74S371 . . . . . .. .. .. ... ... 4 9
SN54187,SN74187 . . .. .. .. ... ... .. .. 4 9 SNB4S373,SN748S373 . . . . . .. ... 5 26
SN545188, SN748188 . . . . . . ... .. .. .. .. 4 1 SN54S374,SN74S374 . . . . . .. ... 5 26
SN545189,SN748189 . . . .. . ... .. ...... 4 20 SN54S387,SN74S387 . . . . . ..o 4 1
SN74S201 . . o v 4 24 SNBAS412, SN74SA12 . . . . . oo 5 30
SN74LS207 . . . . ... .. 4 33 SN748428 . . . . . . ... 5 35
SNT74S207 . . o oo 4 33 SNT4S438 . . . o 5 35
SN74LS208 . . . . ... .. ... 4 33 SN54S450, SN74S450 . . . . . . .. ... ... ... 7
SN74S208 . . . . . 4 33 SN545451, SN74S451 . . 7
SN74LS214 . . . . .. ... ... 4 27 SNB54S470,SN74S470 . . . . . . ... 1
SN748214 . . . . . ... 27 SNB4S471,SN74S471 . . . . . . . oo 4 1
SN74L5215 27 SNB4S472,SN74S472 . . . . . . . 4 1
SN74S225 . . . .. 39 SNB4S473,SN74S473 . . . . . . ... 4 1
SN545226, SN745226 1 SN54S474,SN74S474 . . . . . . ... ... 4 1
SN545240, SN745240 5 SNB4S475, SN74S475 . . . . . . . ... 4 1
SN54S241, SN745241 5 SN54S476, SN74S476 . . . . . . . . ... 4 7
SN54S5270, SN745270 9 SNB4S477,SNTASA77 . . . . o o 4 7
SNB4S271, SN745271 9 SN54S478,SN74S478 . . . . . .. ... ... 4 7
SN545287, SN745287 1 SNB4S479, SN74S479 . . . . . . .. ... 4 7
SN545288, SN745288 1 SN54LS481, SN74LS481 . . . . . . ... .. .... 1 1
SN543289, SN745289 20 SN74S481T . . .. . 1 1
SN545299, SN745299 9 SN54S482, SN74S482 . . . . . . . 5 41
SN74S301. . .. oo 4 24 SN54S2708, SN7452708 . . . . . .. .. ... ... 4 7
SN7ALS314 . . o o i 4 27 SN54S3708, SN74S3708 . . . . . . ... 4 7
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GLOSSARY
TTL TERMS AND DEFINITIONS

INTRODUCTION

This glossary consists of two parts: (1) general concepts for digital circuits including types of bipolar memories, and (2)
operating conditions and characteristics (including letter symbols). The terms, symbols, abbreviations, and definitions
used with memory integrated circuits have not, as yet, been standardized. All are currently under consideration by the
EIA/JEDEC (Electronic Industries Association) and the IEC (International Electrotechnical Commission). The
following are as consistent with the past and future work of these organizations as is possible to anticipate at this time.

PART | — GENERAL CONCEPTS INCLUDING TYPES OF BIPOLAR MEMORIES
Chip-Enable Input

A control input that when active permits operation of the integrated circuit for input, internal transfer, manipulation,
refreshing, and/or output of data and when inactive causes the integrated circuit to be in a reduced-power standby
mode.

NOTE: See “chip-select input”.

Chip-Select Input

A gating input that when inactive prevents input or output of data to or from an integrated circuit.
NOTE: See “chip-enable input”’.

Dynamic (Read/Write) Memory

A read/write memory in which the cells require the repetitive application of control signals in order to retain stored
data.
NOTES: 1. The words “read/write’” may be omitted from the term when no misunderstanding will result,

2. Such repetitive application of the control signals is normally called a refresh operation.

3. A dynamic memory may use static addressing or sensing circuits.

4. This definition applies whether the control signals are generated inside or outside the integrated circuit.

First-In First-Out (FIFO) Memory

A memory from which data bytes or words can be read in the same order, but not necessarily at the same rate, as that
of the data entry.

Gate Equivalent Circuit

A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that number of
individual logic gates that would have to be interconnected to perform the same function.

Large-Scale Integration, LSI
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this
context a major subsystem or system, whether digital or linear, is considered to be one that contains 100 or more
equivalent gates or circuitry of similar complexity.

Mask-Programmed Read-Only Memory

A read-only memory in which the data content of each cell is determined during manufacture by the use of a mask, the
data content thereafter being unalterable.

1276
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TTL TERMS AND DEFINITIONS

Medium-Scale Integration, MSI
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The subsystem or
system is smaller than for LSI, but whether digital or linear, is considered to be one that contains 12 or more equivalent
gates or circuitry of similar complexity.

Memory Cell

The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or can be
stored, and from which it can be retrieved.

Memory Integrated Circuit

An integrated circuit consisting of memory cells and usually including associated circuits such as those for address
selection, amplifiers, etc.

Output-Enable input

A gating input that when active permits the integrated circuit to output data and when inactive causes the integrated
circuit output(s) to be at a high impedance {off).

Programmable Read-Only Memory (PROM)
A read-only memory that after being manufactured can have the data content of each memory cell altered once only.
Random-Access Memory (RAM)
A memory that permits access to any of its address locations in any desired sequence with similar access time for each
location.
NOTE: The term RAM, as commonly used, denotes a read/write memory.
Read-Only Memory (ROM)
A memory in which the contents are not intended to be altered during normal operation.
NOTE: Unless otherwise qualified, the term “‘read-only memory’’ implies that the content is unalterable and defined
by construction.

Read/Write Memory

A memory in which each cell may be selected by applying appropriate electronic input signals and the stored data may
be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar electronic input signals.

Small-Scale Integration, SSI
Integrated circuits of less complexity than medium-scale integration (MSH).
Very-Large-Scale Integration, VLS|

A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a system, whether
digital or linear, is considered to be one that contains 1000 or more gates or circuitry of similar complexity.

Volatile Memory

A memory the data content of which is lost when power is removed.

TEXAS INSTRUMENTS

INCORPORATED
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GLOSSARY
TTL TERMS AND DEFINITIONS

PART Il — OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS)

The symbols for quantities involving time use upper and lower case letters according to the following historically
evolved principles:

a. Time itself, is always represented by a lower case t.

b. Subscripts are lower case when one or more letters represent single words, e.g., d for delay, su for setup, rd
for read, wr for write.

c. Multiple subscripts are upper case when each letter stands for a different word, e.g., SR for sense recovery
and PLH for propagation delay from low to high.

Access Time (of a memory)

The time between the application of a specified input pulse during a read cycle and the availability of valid data signals
at an output.

Example symbology:

ta(ad) Access time from address
ta(E) Access time from chip enable
ta(s) Access time from chip select

Clock Frequency

Maximum clock frequency, fimax

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while
maintaining stable transistions of logic level at the output with input conditions established that should cause changes
of output logic level in accordance with the specification.

Current

High-level input current, IjH
The current into® an input when a high-level voltage is applied to that input.

High-level output current, IoH
The current into* an output with input conditions applied that according to the product specification will establish a
high level at the output.

Low-level input current, I}
The current into™ an input when a low-level voltage is applied to that input.

Low-level output current, Q|
The current into™ an output with input conditions applied that according to the product specification will establish a
low level at the output.

Off-state output current, 10(off)

The current flowing into* an output with input conditions applied that according to the product specification will
cause the output switching element to be in the off state.

Note: This parameter is usually specified for open-collector outputs intended to drive devices other than logic circuits.

*Current out of a terminal is given as a negative value,

TEXASI INSTRUMENTS
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Off-state (high-impedance-state) output current (of a three-state output), 10z
The current into® an output having three-state capability with input conditions applied that according to the product
specification will establish the high-impedance state at the output.

Short-circuit output current, IQg
The current into® an output when that output is short-circuited to ground (or other specified potential) with input

conditions applied to establish the output logic level farthest from ground potential (or other specified potential).

Supply current, Icc
The current into™ the Vg supply terminal of an integrated circuit.

Cycle Time

Read cycle time, t¢(rd) (see note)
The time interval between the start and end of a read cycle.

Read-write cycle time, t¢(rd,wr) (see note)
The time interval between the start of a cycle in which the memory is read and new data are entered, and the end of
that cycle.

Write cycle time, te(wr) (see note)

The time interval between the start and end of a write cycle.

NOTE: The read, read-write, or write cycle time is the actual interval between two impulses and may be insufficient
for the completion of operations within the memory. A minimum value is specified that is the shortest time in
which the memory will perform its read and/or write function correctly.

Hold Time

Hold time, t

The interval during which a signal is retained at a specified input terminal after an active transition occurs at another

specified input terminal.

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the intended
result. A minimum value is specified that is the shortest interval for which correct operation of the logic
element is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest interval
(between the release of data and the active transition) for which correct operation of the logic element is
guaranteed.

Output Enable and Disable Time

Output enable time (of a three-state output) to high level, tpzH (or low level, tpzy )
The propagation delay time between the specified reference points on the input and output voltage waveforms with the
three-state output changing from a high-impedance (off) state to the defined high (or low) level.

Output enable time (of a three-state output) to high or low level, tpzx
The propagation delay time between the specified reference points on the input and output voltage waveforms with the
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low).

Output disable time (of a three-state output) from high level, tpHz (or low level, tp| 7)
The propagation delay time between the specified reference points on the input and output voltage waveforms with the

three-state output changing from the defined high (or low) level to a high-impedance (off) state.

*Current out of a terminal is given as a negative value.

TEXASINICN STRUMENTS xi
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Output disable time (of a three-state output) from high or low level, tpxz
The propagation delay time between the specified reference points on the input and output voltage waveforms with the
three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state.

Propagation Time

Propagation delay time, tpp
The time between the specified reference points on the input and output voltage waveforms with the output changing
from one defined level (high or low) to the other defined level.

Propagation delay time, low-to-high-level output, tpLH
The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined low level to the defined high level.

Propagation delay time, high-to-low-level output, tpH|
The time between the specified reference points on the input and output voltage waveforms with the output changing
from the defined high level to the defined low level.

Pulse Width

Puise width, ty,
The time interval between specified reference points on the leading and trailing edges of the pulse waveform.

Example symbology:

twicir) Clear pulse width
tw(wr) Write pulse width

Recovery Time

Sense Recovery time, tgR
The time interval needed to switch a memory from a write mode to a read mode and to obtain valid data signals at the
output.

Release Time

Release time, trglease

The time interval between the release from a specified input terminal of data intended to be recognized and the
occurrence of an active transition at another specified input terminal.

Note: When specified, the interval designated “release time’ falls within the setup interval and constitutes, in effect, a
negative hold time.

Setup Time

Setup time, tgy

The time interval between the application of a signal that is maintained at a specified input terminal and a consecutive

active transition at another specified input terminal.

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the setup. A
minimum value is specified that is the shortest interval for which correct operation of the logic element is
guaranteed.

2. The setup time may have a negative value in which case the minimum limit defines the longest interval
(between the active transition and the application of the other signal) for which correct operation of the
logic element is guaranteed. ’
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Transition Time

Transition time, low-to-high-level, tT| H
The time between a specified low-leve! voltage and a specified high-level voitage on a waveform that is changing from
the defined low level to the defined high level.

Transition time, high-to-low-level, tTHL
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing from
the defined high level to the defined low level.

Voltage

High-level input voltage, ViH

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary

variables.

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which operation of the
logic element within specification limits is guaranteed.

High-level output voltage, VQH
The voltage at an output terminal with input conditions applied that according to the product specification will
establish a high level at the output.

Input clamp voltage, V|K
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing.

Low-level input voltage, V|{_

An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary

variables.

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of the
logic element within specification limits is guaranteed.

Low-level output voltage, VoL
The voltage at an output terminal with input conditions applied that according to the product specification will
establish a low level at the output.

Negative-going threshold voltage, VT
The voltage level at a transition-operated input that causes operation of the logic element according to specification as
the input voltage falls from a level above the positive-going threshold voltage, VT+.

Off-state output voltage, VQ(off)

The voltage at an output terminal with input conditions applied that according to the product specification will cause
the output switching element to be in the off state.

Note: This characteristic is usually specified only for outputs not having internal pull-up elements.

On-state output voltage, VQ(on)

The voltage at an output terminal with input conditions applied that according to the product specification will cause
the output switching element to be in the on state.

Note: This characteristic is usually specified only for outputs not having internal pull-up elements.

Positive-going threshold voltage, VT+
The voltage level at a transition-operated input that causes operation of the logic element according to specification as
the input voltage rises from a level below the negative-going threshold voltage, VT—.
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EXPLANATION OF FUNCTION TABLES

The following symbols are used in function tables on Tl data sheets:

E:)oono_mxj¢é——>n-::
5 S S

TOGGLE

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

value/level or resulting value/level is routed to indicated destination
value/level is re-entered

irrelevant (any input, including transitions)

the level of steady-state inputs at inputs A through H respectively

level of Q before the indicated steady-state input conditions were established
complement of Qg or level of Q before the indicated steady-state input conditions were established
level of Q before the most recent active transition indicated by { or 1

one high-level pulse

one low-level pulse

each output changes to the complement of its previous level on each active transition indicated by
{or?.
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INTRODUCTION

These Schottky TTL 4-bit expandable parallel binary micro/macroprogrammable processor element building blocks
are designed specifically for implementing high-performance digital computers/controllers. With the ability to
efficiently emulate existing systems, they can be used to upgrade hardware performance with full compatibility to
protect software investments.

Two performance ranges are available:

a. The SN74S481, Schottky TTL performs typically at a clock cycle fime of 90 nanoseconds at 345
milliamperes of supply current.

b. The SN54LS/74L.S481, low-power Schottky TTL performs typically at a clock cycle time of 120
nanoseconds at 220 milliamperes of supply current.

ARCHITECTURAL FEATURES

Designed with full parallel dual input/output ports, the memory-to-memory architecture provides a new dimension in
interrupt processing or program context switching flexibilities. Static bipolar logic performs each microinstruction
within a single clock cycle.

Primary among the architectural features are:

Microprogrammable, bit-slice design is expandable in 4-bit multiples

Full parallel dual input/output ports for use in advanced memory-to-memory architecture
Full-function ALU with carry look-ahead, magnitude, and overflow decision capabilities
Double-length accumulator with full shifting capability and sign-bit handling

Dual memory address generators on-chip.

OPERATIONAL FEATURES

The functional capabilities, characterized by the 24,780 unique operations, coupled with the macroprogrammable
multiply and divide algorithms, make these processor elements particularly attractive for implementing advanced high
performance computers and controllers.

In addition to the full parallel data bus structure, the ‘S481 architecture also features asynchronous access to data
routing and counter updating controls which, when combined with the most versatile instruction set available (see
operational description) maximizes flexibility, efficiency, and performance. Simultaneous compound operations in
the form of an ALU function with shift, plus destination selection with address/iteration updating, plus address and
present data to memory can be accomplished in a single microcyle. Some other operational features are:

L] Simultaneous one-clock compound operations, with status, can reduce microcycles and improve throughput

. Pre-programmed CRG and double-precision multiply/divide algorithms

(] Double length accumulator with full bidirectional single/double precision arithmetic/logical/circulate shift
capabilities include sign protection

(] Full micro-operational control is provided for programming: address updating, data and address source
selection, and direct transfer of data to working register or working memory

L] Relative position control defines bit-slice rank and sign handling in N-bit applications.

MECHANICAL FEATURES

These processor elements are supplied in either a high-density quad-in-line ceramic package or a plastic dual-in-line
package. The high-density 48-pin ceramic package has quad pin rows formed on 600- and 800-mil centers. Within each
of the four rows, the pin spacing is 100 mils, center-to-center. The plastic dual-in-line package has standard 100-mil
spacing on 600-mil centers. Outline drawings are provided in Section 6 of this data book.

Functional and operational descriptions through this data manual which reference the ‘S481 are applicable to both the SN74S481 and
the SN54LS/741.5481 processor elements.




TABLE 1
FUNCTIONAL DESCRIPTIONS

INPUT, OUTPUT, OR
PIN NUMBER PIN NAME PIN FUNCTION INPUT/OUTPUT
46, 47 BI/00, BI/O1 | 4-bit parallel data input port to the B latch, or 4-bit parallel data Inputs/Outputs
1,2 BI/02, BI/O3 | output for the X-bus when not being used as an input.
6,5 AlO, Al 4-bit parallel data input port to the A latch and WR. Inputs
4,3 Al2, AI3
7,8 OPO, OP1 OPO through OP9 serve as a 10-bit parallel operation-select input to Inputs
9,10 0OP2, OP3 the micro-decode logic array. In the most-significant position, OP8
17,14 0OP4, OP5 and OP9 additionally serve as open-collector outputs during multi-
13, 1 OPg, OP7 ply and divide algorithms. In the least-significant position, OP9
15, 16 OP8, OP9 serves as an open-collector output during the CRC algorithm.
12 Vece Single 5-volt power-supply terminal, Supply Voltage Pin
18 CIN Receives low-active ripple carry input data. Input
19 POS Directs internal and input/output end-conditions required to define Input
the relative position of each bit-slice when N-SN74S481's are
cascaded to implement Nx4-bit word lengths. When biased at 2.4
volts, the package operates as the least-significant (LSP) slice; when
grounded, it functions as an intermediate (IP) slice; and when high, 5
volts, it functions as the most-significant (MSP) slice.
20 Y/AG In least-significant and intermediate positions outputs arithmetic Output
carry generate (Y) for use with look-ahead. In most-significant
position outputs true arithmetically-greater-than signal.
21 X/LG In least-significant and intermediate positions outputs arithmetic Output
carry propagate (X) for use with look-ahead. In most-significant
position outputs true logically-greater-than signal.
22 CouT Outputs low-active ripple carry data. Output
23 EQ Outputs true (active-high) equality of X’ bus equals zero for each Open-Collector-Output
4-bit slice. The open-coliector output permits wire-AND to achieve
Nx4-bit equality output.
24 LDWR When low, data applied at the Al port coincident with the 1 clock Input
transition is loaded into the WR.
26 WRRT, Working register and X-bus shift interconnectivity pins. WRRT Bidirectional 1/0
25 WRLFT receives left-shift and outputs right-shift (true) data. WRLFT
receives right-shift and outputs left-shift (true) data. Shift can be
single-precision, double-precision, signed or unsigned.
28 XWRRT, Extended working register shift interconnectivity pins. XWRRT Bidirectional 1/0
27 XWRLFT receives left-shift and outputs right-shift (true) data. XWRLFT
receives right-shift and outputs left-shift (true) data. Shift can be
single-precision, double-precision, signed or unsigned.
29 DO Selects one of three DOP sources (WR, XWR, or £-bus) or places Inputs
30 D1 the DOP outputs in a high-impedance state.
34 DOPO 4-bit parallel, data-out port. DOPQ is L.SB. 3-state outputs
33 DOP1
32 DOP2
31 DOP3
35 INCMC When low, enables the MC to increment as directed by CCI on the Input
next t clock transition. When high, inhibits MC to hold mode. As
CCO is common to MC and PC, the MC should be inhibited when
PC is enabled.
36 GND Common or ground terminal for the supply voltage.
37 cco/ov In least-significant and intermediate positions a low-level output Output

indicates that either the PC or MC is at maximum count. As CCO is
common for both PC and MC ambiguous carry can be avoided if one
or both counters is/are disabled by the TNCPC and/or TNCMC
inputs. In the most-significant position, a high-level output,
depending on the operation selected, indicates that the WR, XWR,
or ALU will overflow (OV) on the next clock.
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FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM
TABLE 1 (Continued)
INPUT, OUTPUT, OR
PIN FUN g :
PIN NUMBER PIN NAME N FUNCTION INPUT/OUTPUT
38, 39 AOPQ, AOP1 4-bit parallel address-out port. Outputs
40, 41 AOP2, AOP3
42 A0 Selects one of two AOP sources (PC or MC). Input
43 INCPC When low, enables the PC to increment as directed by CCl on the Input
next T clock transition. When high, inhibits PC to hold mode. As
CCO is common to PC and MC, the PC should be inhibited when
MC is enabled.
44 ccCi In least-significant position, a low input directs enabled PC or Input
enabled MC to increment by one on next 1 clock transition. In the
LSP, a high directs enabled PC or enabled MC to increment by 2. In
other positions, a low is a carry input and a high inhibits the
counter.
45 CK When high, enables the transparency of A and B input latches. When Input
low, latches A and B input data. Clocks synchronous registers and
counters on the positive transition.
48 BI/O SEL When low, enables BI/O to output X-bus data. When high, the BI/O Input
output drivers are placed in a high-impedance state permitting BI/O_
to be used as data inputs.




2.1

2.2

DETAILED FUNCTIONAL DESCRIPTIONS
MICRO-DECODING LOGIC ARRAY

The micro-decoding logic array is a dedicated 11 input PLA decoding 73 product terms to generate 24 control lines
needed to implement the 14 operation forms. The eleven inputs consist of the ten operation select lines (OPO through
OP9) and the ALU carry input. The carry input, utilized as an additional operation select line during operation forms
not performing arithmetic functions, maximizes system pin efficiency and functional density.

In an expanded word-length system (two or more ‘S481’s), operation select inputs 8 (OP8) and 9 (OP9) assume an
input/output capability in the most-significant or least-significant package as a result of the position control and the
type of operation being performed. During microprogrammable operation forms | through 1X, OP8 and OP9 function
simply as another input; but, during the macroprogrammable operations of forms X through XIV one or both become
an output during iterations. Table 2 summarizes by operation form the control (output) package and the operation
lines which are used as an output.

TABLE 2
MSP OP8 and OP9 ITERATIVE FUNCTION SUMMARY

OP. FORM ALGORITHM CONTROL OPERATION SELECT 1/0

PACKAGE OoP8 oP9

I thru IX All None INPUT INPUT
X CRC ACCUMULATION LSP INPUT OUTPUT
XI SIGNED DIVIDE mMsP OUTPUT OUTPUT
X UNSIGNED DIVIDE MspP INPUT OUTPUT
Xin UNSIGNED MULTIPLY MSP INPUT OUTPUT
XIv SIGNED MULTIPLY MsP ouTPUT OUTPUT

If the macroinstructions are to be used in an expanded word length, OP8 and OP9 select lines of the MSP and the OP9
line of the LSP should be driven from either a 3-state output (which can be placed in high-impedance state) or an
open-collector output (which can be wire-OR’ed with the OP select 1/0 lines). During an iterative function for which
the OP line is designated as an open-collector output, the OP line driver should be placed in a high-impedance or
off state permitting the output function to drive similar OP lines in the remaining packages.

The output state of OP8 or OP9 is a function of on-chip status decoder as enumerated in the flow diagrams illustrating
the five algorithms.

RELATIVE POSITION CONTROL (POS)

The single line position control, with the ability of decoding one of three input logic states, provides each ‘S481 in an
expanded word length system with the capability of identifying its relative position. The relative positions, with the
corresponding input logic levels are enumerated in Table 3.

TABLE 3
POSITION CONTROL FUNCTIONS

POS INPUT

EP
LOGIC LEVEL RELATIVE POSITION

>36V MOST-SIGNIFICANT POSITION (MSP)
18Vto3V LEAST-SIGNIFICANT POSITION (LSP)
<08V INTERMEDIATE POSITION (IP)
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This relative position identification dictates how each ‘S481 in the system handles the multi-purpose 1/0
accommodations and ALU sign and magnitude functions. See Table 4. Shift/Circulate interconnectivity bit transfers
are explained in detail under shift/circulate transfer multiplexers.

TABLE 4
DUAL-FUNCTION LOGIC 1/0 PINS
PIN MsP 14 LSP
X/LG LG (OUT) X X
Y/LG AG (OUT) Y Y
cco/ov OVERFLOW (OUT) CCO (ouT) CCO (0ouUT)

X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS

CLOCK

The clock synchronizes the entry or change of data in the ‘S481 registers and counters, and it controls the status of
the A and B input latches. A typical clock cycle is illustrated in Figure 2. The low-to-high transition of the clock input
is the clocking edge for any combination of either the working register, extended working register, flag flip-flops, and
the program counter or the memory counter activated by the resident operation. During the low-level portion of the
clock input, both input latches are latched ensuring data stability at the positive clock transition. After the clock has
gone to a high level, the input latches are placed in a transparent mode to accept the next set of input data.

- CLOCK CYCLE

Y

FOR WR, XWR,

1
1
|
: TRIGGER EDGE

. ViH
FF'S, PC,ORMC—__ |
| I
| I T TV
| ! |
= INPUT " INPUT ——————]
| LATCHES TRANSPARENT |  LATCHES LATCHED |

FIGURE 2 — CLOCK CYCLE
LATCHED DATA INPUT PORTS
The SN54S/74S5481 features dual input ports combined with data flow paths which are designed specifically to reduce
the number of system clock cycles needed to enter operands and/or data. Both the A and B input ports are latched,

eliminating the need for external registers, to simplify interfacing directly with system data bus paths.

The A input port data is made available to both the input latch and the working register which allows A data to be
loaded into the working register directly.




25

The B port is configured to serve as an input/output data path providing the capability to:

a. Input data to the B latch
b. Output sum-bus data.

This 1/0 port is designed specifically to simplify implementation of data transfers to the external working memory.

Both the A and B latches are transparent when the ‘S481 clock input is high. Data applied at the A and B inputs
shouid be stable anytime prior to or at least coincident with the falling edge of the clock input (see Figure 3). After

the clock falling edge, the data inputs should be held steady for tho|d(data) OF longer to facilitate the on-chip clock
buffers to latch the data.

——————————————————— VIH
cLock
INPUT 1.5V
| ViL
<-——tsu(data)>0——>|
———————— Al /= — = — —— =V
Al OR \/ Y
B0 *wv ¥ 15v
INPUT A\ /N
_______ RV [V VA

— ty(data) ——~—>I

FIGURE 3 — INPUT LATCHES SETUP/HOLD TIMES

The A input port latch data is routed to the A input multiplexers, and the B input port latch data is sourced to both
the A and B input multiplexers.

A AND B OPERAND SOURCES
The A and B input multipiexers source the ALU A’ and B’ ports through true/complement conditional inverter

circuits. Data routing for each, illustrated and listed in Figure 4, provides the ALU with access to the true or
complement of:

ALU A’ PORT ALU B’ PORT
1. A input latch 1. B input latch
2. B input latch 2. Sum bus
3. Working Register 3. Working register
4. Low logic level inputs 4. Extended working register
(force zeros) 5.  Program counter
6. Low logic level inputs

(force zeros)

The A and B multiplexers and true complement circuits, under control of the resident operation code, are selectable
at the microprogram level. The number of A or B multiplexer sources available depend upon the specific operation
being performed by the ‘S481. Operation form descriptions contain detailed microprogramming.

The A and B input multiplexers, with selectable true and complement operand sources, maximizes the processing
power of the ‘S481 by minimizing the active components needed to achieve both the simple but highly flexible data
routing tasks and full ALU capabilities.
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FIGURE 4 — ALU OPERAND SOURCES



2.6

ARITHMETIC/LOGIC UNIT (ALU)

The 4-bit, parallel, binary arithmetic/logic unit provides the arithmetic/Boolean operand combination/modification
mechanism including magnitude and overflow status. The ALU performs, as directed by the resident operation form,
one of four basic functions which, when combined with the operand selections at the A and B multiplexers, extends
the arithmetic/logic capabilities to that of a full 16-function ALU.

When compared to other bit-slice processor elements, unique to the ‘S481 arithmetic architecture are the parallel
input ports and fully microprogrammable symmetry for all ALU functions within the selections of the A and B input
multiplexers.

Logical and arithmetic operation forms for the ‘S481 are shown in Table 5. The full functional power of the ‘S481
can be visualized only if it is understood that although both ALU’s have parallel A and B input ports, the ‘S481
architecture not only provides access to multiple sources but has the capability to route true or complement of any
source to the A and B ALU port. This means that for a subtract operation, the subtrahend may be either an A or B
input. In addition to maximizing data routing capabilities of the ‘S481 at minimum logic/gate levels, this architecture
permits fully symmetrical operations to be performed on the A or B sources within the selections offered by these

‘S481 arithmetic/logical operation forms.

TABLE S5

‘S481 ALU AND LOGIC FUNCTIONS

DATA INPUT TWO'S COMPLEMENT INTEGER ARITHMETIC OP'S LOGICAL OP'S (FORM VIII)
CIN=HORL

APORT | BPORT CIN=1L CIN=H OR NOR EX-NOR
ZEROS ZEROS 1 0 ZEROS ONES ONES
ZEROS ONES 0 MINUS 1 ONES ZEROS ZEROS
ONES ZEROS 0 MINUS 1 ONES ZEROS ZEROS
ONES ONES MINUS 1 MINUS 2 ONES ZEROS ONES
A ZEROS | APLUS1 A A A A
A ONES A A MINUS 1 ONES ZEROS A
A ZEROS MINUS A MINUS A MINUS 1 A A A
A ONES MINUS A MINUS 1 MINUS A MINUS 2 ONES ZEROS A
ZEROS B B PLUS 1 B B B B
ONES B B B MINUS 1 ONES ZEROS B
ZEROS | B MINUS B MINUS B MINUS 1 B B B
ONES B MINUS B MINUS 1 MINUS B MINUS 2 ONES ZEROS [
A B APLUS B PLUS 1 APLUSB A+B A-B AGB
A B A MINUS B A MINUS B MINUS 1 A+B A-B A®B
A B B MINUS A B MINUS A MINUS 1 A+B A-B AOB
A B MINUS A MINUS BMINUS 1| MINUS A MINUSBMINUS 2 | A+B A-B AOE

Some unique one-clock arithmetic/iterative capabilities of the ‘S481 are listed in Table 6.

TABLE 6

EXTENDED ALU FUNCTIONS OF 'S481

FORM NO.

FUNCTION

A (ALU) B - WR
A (ALU) B + XWR
A(ALU) B« PC

A (ALU) B DOUBLE-PRECISION SHIFTED LOGICAL LEFT OR RIGHT

A (ALU) B SINGLE-PRECISION SHIFTED LOGICAL OR ARITHMETIC
LEFT OR RIGHT




Table 5 also indicates the 16 logical combinations of two Boolean variables which are selectable for the OR, NOR, and
exclusive-NOR functions. Full symmetry of the ALU and the ability to select the complement of input data extends
the logic functions for performance of:

NAND

AND

Exclusive-OR

Mixed combinations of each

Transfer functions for true or inverted data
All ones or all zeros.

+~® 000w

2.7 ALU MAGNITUDE AND CARRY FUNCTIONS

The ‘S481 ALU is fully decoded on chip to generate three magnitude outputs (status lines) and both ripple and
look-ahead carry functions. The magnitude outputs and their status indications are as follows:

2.7.1 Equal (EQ, See Figure 5)

The results of the resident ALU operation are compared at the sum-bus for all bits high during subtract and left-shift

arithmetic operations, or for all bits low during other operations.

________________________________ -
r 5481 !
! |
! 0 !
z1 |
! T2 |
| =3 I
I
| | EQUAL
I
| HFORCOMPARE I ouTPUT
| LFOROTHER " (OPEN
| OPERATIONS i COLLECTOR)
I I
| I
! I
| |
' |
I [
| |
L

H=HIGH LEVEL, L=LOW LEVEL

FIGURE 5 — EQUAL OUTPUT
2.7.2 Logically-Greater Than (LG, See Figure 6)

In the most-significant package (MSP) the X look-ahead function from the ALU is inhibited and the
logically-greater-than (LG) output is enabled. See Figure 6. The MSP LG output is active during arithmetic and shift
operation forms to provide a status indication that can be used when it is desirable to compare two unsigned integer
numbers. The specific status for each operation form is listed in Table 7.



EQUAL

C-ouT

HFOR
COMPARE

L FOR OTHER
OPERATIONS

e — e —————

MSP

L FOR ARITH OPERATIONS
H FOR LOGICAL OPERATIONS

X IS CARRY LOOK-AHEAD FUNCTIONS

TABLE 7

FIGURE 6 — MSP LOGICALLY-GREATER-THAN (LG) OUTPUT

MSP LOGICALLY-GREATER-THAN (LG) OUTPUT

LG
(MSP)
OUTPUT

OP FORM TYPE OF OP LG = H INDICATES
Lor 1l (ARITH) =-BUS # ZERO (EQ = L)
ALL
11 (ARITH WITH SHIFT) LSL, RSL -BUS # ZERO (EQ = L)
LSA or RSA ADDER C-OUT
1V, V, or VI (SHIFTS) ALL Al # ZERO (EQ = L)
VIl (COMPARE) A:B AISLGTHANB
B:A B IS LG THAN A
VIl (LOGICAL) ALL Z-BUS # ZERO (EQ = L)
IX (NO OP) ZERO z-BUS LG =L (EQ=H)
X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM DESCRIPTION

2.7.3 Arithmetically-Greater Than (AG, See Figure 7)

10

In the most-significant package (MSP) the Y

look-ahead function from the ALU

is

inhibited and the

arithmetically-greater-than (AG) output is enabled. The MSP AG output is active during arithmetic and shift operation
forms to provide a status indication that can be used when it is desirable to compare two signed integer numbers. The
specific status for each operation form is listed in Table 8.



H FOR COMPARE

: L FOR OTHER OPERATIONS :
| 20 ——— |
X0 I
| —
| l
| [
I
| ‘o
o 2 Bk
! | »
Y2
: v
MspP % >0
I L FOR ARITH OPERATIONS
L

I

|

|

H FOR LOGICAL OPERATIONS [
|

H=HIGH LEVEL, L=LOW LEVEL
X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS

FIGURE 7 — MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUT

TABLE 8
ALU CARRY AND MSP ARITHMETICALLY-GREATER-THAN (AG) OUTPUTS

LSP AND IP MSP
OPERATION FORM —_— —
x| v EQ cour LG AG EQ couT
LOGICAL OPERATIONS L | H| zBUS=0 N | BUS#0| zBUS>0 ZBUS=0 N
ARITHMETIC OPERATIONS : ALGE ALGE
x| v couT or i A=B couT
COMPARE A-B - BLGA BLGA - i
ALL OTHER ARITHMETIC x | v | =Bus=o0 COUT | =-BUS#0| =-BUS > 0 $-BUS AG 0| C-OUT

X and Y are carry look-ahead functions.

2.8 OPERAND OVERFLOW
In the most-significant package (MSP) the counter-carry output (CCO) function from the program/memory counter is
inhibited and the overflow (OV) output is enabled. The MSP OV output is active during arithmetic and shift operation
forms to provide a status indication that the result of the operation cannot be correctly represented with the number

of bit positions available. When the OV output goes high, it indicates that the next clock will:

a. During arithmetic operations, cause the ALU to overfiow.
b. During left-shift arithmetic operations, cause the shifted register to overflow.

Table 9 enumerates the specific indicators generated.

1277 11
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TABLE 9

MSP OVERFLOW (OV) OUTPUT

OP FORM TYPE OF OP OV =H INDICATES
iorll (ARITH) ADD or SUB ALU OVERFLOW
11 (ARITH WITH SHIFT) LSL, RSL ALU OVERFLOW
RSA oV =L
LSA NEXT CLOCK WILL CAUSE
SHIFT OVERFLOW
IV, V, or VI (SHIFTS) LSA NEXT CLOCK WILL CAUSE
SHIFT OVERFLOW
ALL OTHERS ov=L
Vil (COMPARE) A:B UNDEFINED
B:A UNDEFINED
Vil (LOGICAL) ALL ov=L
I1X (NO OP) ZERO x-BUS ovs=L
X THRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM

DESCRIPTIONS

SUM’ BUS MULTIPLEXER

H = high level, L = low

fevel

The sum’-bus multiplexer, sourced by the ALU, provides a means for accomplishing a shift operation on the ALU
operand without affecting the contents of WR, XWR, PC or MC (See Figure 8). Functionally, this multiplexer can be

used to:
a. Shift the operand left or right (one bit position) arithmetic, logical, or circulate
b. Pass the operand without shift to the 2’ bus.
FROM ALU
A
- N

c-ouT

TO WRLFT MUX AND

z2

Zo

XWRLFT MUX
FROM
XWRLFT' MUX
FROM
WRLFT MUX l l 1 l
f %2 =1 0
2'MUX MUX \ MUX \ MUX
[S— — [ —
FROM FROM FROM
LOGIC LOGIC LOGIC
ARRAY ARRAY ARRAY
2 =1 z'o
J
~

FIGURE 8 — SUM BUS MULTIPLEXER

TO: DO MUX, PC, MC, WR MUX, XWR MUX, 3-STATE BUS

TO WRRT
MUX

FROM

XWRRT
MUX



Full sign protection and fill-in is provided in the MSP and LSP under control of the relative position inputs.

Information on the X’ bus can be accessed during some operations through the 3-state Z' bus control buffer at the B
input/output port.

The parallel data input ports and the 1/O capability of the B port, combined with the X-bus access, provides
considerable flexibility for performing simple shifts or combinations of operation-and-shift on data or operands
resident in the external working memory locations.

2.10 B-INPUT/OUTPUT CONTROL

The B-input/output port is isolated from the sum’ bus by a 3-state control buffer when the buffer outputs are at a
high-impedance. Enabling the buffer routes the sum’ bus data to the B-port. The low-current inputs of the B port
latch minimizes loading effects, and the buffers can source 6.5 mA or sink 10 mA of drive current in the output
mode. During the output mode, the ‘bus data can be latched in the B input latch. Enabling or disabling is
accomplished by the 1/0 control input. See Table 10 and Figure 9.

TABLE 10
B-INPUT/OUTPUT CONTROL

1/0 CONTROL 1/0 BUFFER OUTPUT

L SUM’ BUS DATA
H HIGH-IMPEDANCE

'3 =2 | =0

BI/O
SELECT
BI/O3 BI/O2 BI/O1 BI1/00
- J
Y
TO BI/O PORT

FIGURE 9 — B-INPUT/OUTPUT CONTROL
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WORKING REGISTER

The working register (WR) is a 4-bit D-type register which functions as an accumulator during iterative arithmetic
operations or as a temporary holding register for intermediate operands (see Figure 10). It is sourced by the WR
multiplexer. Storage of setup data, under control of the resident operation forms which permit the WR to be a
destination, occurs on the positive transition of the clock. WR shifting capabilities are implemented in the WR
multiplexer. The working register can be selected to source the data-out port multiplexer (DO MUX), A-input
multiplexer (A MUX), or B-input multiplexer (B MUX). The MSB of the WR is sourced to the WRLFT MUX, and the
LSB of the WR is sourced to the WRRT MUX to facilitate expansion.

=3 22 =1 z'o
Al3 Al2 Al A0
FROM HLD HLD HLD FROM,
WRLFT' MUX WRRT'
HLD  MUX
WR3 WR2 WR1 WRO
WR MUX MUX MUX MUX
MUX
y— [ — [
FROM FROM FROM FROM
LOGIC LOGIC LOGIC LOGIC
ARRAY ARRAY ARRAY ARRAY
D3 D2 D1 DO
WR
Q3 Q2 Q1 Qo
< 0
TO WRLFT WRRT
MUX MUX
. ~— J

TO: DO MUX, A MUX, B MUX

FIGURE 10 — WORKING REGISTER (WR) AND WR MULTIPLEXER

An asynchronous control line, LDWR, is available to facilitate loading the working register directly from the A input
port in combination with the resident micro-operation.

WORKING REGISTER MULTIPLEXER (WR MUX)

The working register multiplexer provides source selection, including the bidirectional shifting capability, for the

working register. See Figure 10. Under direction of the resident operation, the WR MUX asynchronously selects

either:
a. A input port for direct loading
b. 2’ bus for ALU operand results



c. Hold mode for no change

d. Shift left

e. Shift right
End conditions for both shift left and shift right operations are routed to or from WR MSB (WR3) or WRLSB (WRO0)
to the WRLFT/WRLFT' multiplexers or to the WRRT/WRRT’ multiplexers respectively.

2.13 EXTENDED WORKING REGISTER

The extended working register (XWR) is a 4-bit D-type register which functions primarily as an extension of the
working register to provide the double-precision operation capabilities needed for iterative multiply and divide
routines (see Figure 11). Additionally, the storage capabilities of the XWR are available for use as another temporary
holding register for intermediate operands during a number of the single-precision operation forms. It is sourced by
the XWR multiplexer. Storage of setup data, under control of resident operation forms which permit the XWR to be a
destination, occurs on the positive transition of the clock. XWR shifting capabilities are implemented in the XWR
multiplexer. The XWR can be selected to source the data-out port multiplexer (DO MUX), B-input multiplexer (B
MUX), or the XWR multiplexer (XWR MUX). The MSB of the XWR is sourced to the XWRLFT’ MUX, and the LSB
of the XWR is sourced to the XWRRT’ MUX to facilitate expansion.

¥'3 ¥ SR ¥'0
FROM HLD HLD HLD FROM |
XWRLFT MUX XWRRT
HLD  MUX
XWR3 XWR2 XWR1 XWRO
XWR MUX MUX MUX MUX
MUX
— —— ~—
FROM FROM FORM FROM
LOGIC LOGIC LOGIC LOGIC
ARRAY ARRAY ARRAY ARRAY
D3 D2 D1 DO
XWR
Q3 Q2 a1 Qo
X < > 0
TO XWRLFT XWRRT
MUX MUX
[\ g J

TO: DO MUX, B MUX

FIGURE 11 — EXTENDED WORKING REGISTER (XWR) AND XWR MULTIPLEXER
2.14 EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUX)

The extended working register multiplexer provides source selection, including the bidirectional shifting capability,
for the extended working register (see Figure 11). Under direction of the resident operation, the XWR MUX
asynchronously selects either:

a. Z' bus for ALU operand results
b. Hold mode for no change

15




2.14.1

c. Shift left
d. Shift right.

End conditions for both shift left and shift right operations are routed to or from XWR MSB (XWR3) or XWR LSB
(XWRO) to the XWRLFT/XWRLFT' multiplexers or to the XWRRT/XWRRT' multiplexers respectively.

2-Bus, WR, XWR MSB Shift Transfer Multiplexers

The MSB shift transfers are accomplished by the WRLFT, XWRLFT input/output multiplexers and the WRLFT’,
XWRLFT’ sum-bus/register MSB input multiplexers. All four multiplexers, and the impedance of the 3-state |/O lines
of the WRLFT and XWRLFT multiplexer outputs are under control of the resident operation code and the relative
position control (PGS). Data paths of the multiplexers are illustrated in Figure 12, and bit transfers with respect to
each of the shift operations are enumerated in Tables 11 through 14.

2.14.2 WRLFT, XWRLFT Multiplexers

The WRLFT, XWRLFT input/output multiplexers facilitate routing of the working register, extended working
register, or sum bus MSB out the WRLFT, XWRLFT 1/0O’s during output modes. In an input mode, the three-state
output is at a high impedance permitting the WRLFT and/or the XWRLFT pins to be used as inputs.

2.14.3 WRLFT', XWRLFT’ Multiplexers

The WRLFT" multiplexer selects the source for either the sum bus or working register MSB. Sign bit protection and
right-shift bit-fill functions are all handled on-chip by these multiplexers under control of the operation code and
relative position. The WRLFT’ sources are:

WRLFT (input)

ALU carry out (for sign-fill)

Low level (for zero-fill)

XWRLFT input

XWR MSB

WR MSB (sign-fill in for RSA)
Sign fill in for RSA (see Figure 12)

@ ~"o o0 oTe

The XWRLFT multiplexer selects the source for XWR MSB and provides sign-bit protection and right-shift-fill
functions for the XWR. The XWRLFT sources are:

a. XWRLFT (input)
b. WRLFT
c. XWR MSB (sign-fill in for RSA)

2.14.4 WR, XWR LSB Shift Transfer Muitiplexers

16

The LSB shift transfers are accomplished by the WRRT, XWRRT input/output multiplexers and the WRRT’,
XWRRT’ sum-bus/register LSB input multiplexers. All four multiplexers, and the impedance of the 3-state /O lines of
the WRRT and XWRRT multiplexer outputs, are under control of the resident operation code and the relative
position control (POS). Data paths of the multiplexers are illustrated in Figure13.



2.14.5 WRRT Multiplexer, XWRRT Buffer

The WRRT input/output multiplexer facilitates routing of sum-bus or working register LSB out the WRRT 1/0 during
output modes. The XWRRT I/0 buffer can access and source the XWR LSB. In an input mode, the three-state output
is at a high impedance permitting the WRRT and/or XWRRT pins to be used as inputs.

2.14.6 WRRT', XWRRT' Multiplexers
The WRRT' multiplexer selects either the WRRT input or a low logic level (fill) input as the LSB source for either the

working register or the sum-bus. The XWRRT' multiplexer selects between the XWRRT input and low logic level (fill)
input as the XWR LSB source.

'S481 |
FROM LOGIC ARRAY I

|
L s |
WRLFT l E s FROM |
wor | x I
| ~J~ |
| ‘\ |
| COUT ———> I
| = E WRLFT'
= 2 (TO WR3 |
| - = AND £3) |
| -
i -Lrerzge |
: >< SIGN-FILL FOR RSA ov |
I FROM LOGIC ARRAY cour|
| L l
| l
I n o
o 2 XWRLFT
| S (TOXWR3) |
I x |
| — |
- |
| /._
XWRLFT & I
- T |-
wor | g FROM |
| i XWR3 |
| FROM LOGIC |
L ARRAY o _ ._l

FIGURE 12 — SUM-BUS, WR, XWR MSB SHIFT TRANSFER MULTIPLEXERS
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TABLE 11

WORKING REGISTER BIT TRANSFERS TO WRLFT/WRRT

SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION

MODE WRLFT WRLFT WRRT’ WRRT | WRLFT WRLFT’ WRRT’ WRRT | WRLFT WRLFT' WRRT"  WRRT
LSL (sP) z X WRRT z WR3 X WRRT z WR3 X WRRT z
LSL (DP) XWR3 X WRRT Z WR3 X WRRT r4 WR3 X WRRT Z
LSA (sP) WR3 X WRRT z WR3 X WRRT zZ WR3 X L z
LSA (DP) XWR3 X WRRT z WR3 X WRRT Z WR3 X WRRT z
LCIR (SP) WR3 X WRRT z WR3 X WRRT z WR3 X WRRT z
LCIR (DP) XWR3 X WRRT z WR3 X WRRT 4 WR3 X WRRT z
RSL (SP) z WRLFT X WRO z WRLFT X WRO z WRLFT X z
RSL (DP) 4 L X WRO z WRLFT X WRO 4 WRLFT X WRO
RSA (SP) z WR3 X WRO z WRLFT X WRO z WRLFT X WRO
RSA (DP) Z WR3 X WRO Y4 WRLFT X WRO Z WRLFT X WRO
RCIR (SP) z WRLFT X WRO z WRLFT X WRO z WRLFT X WRO
RCIR (DP) z WRLFT X WRO z WRLFT X WRO z WRLFT X WRO

TABLE 12
SUM-BUS BIT TRANSFERS TO WRLFT/WRRT

SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION

MODE WRLFT WRLFT’ WRRT" WRRT | WRLFT WRLFT’ WRRT" WRRT | WRLFT WRLFT’ WRRT"  WRRT
LSL (sP) z X WRRT z x3 X WRRT z 3 X WRRT z
LSL (DP) XWR3 X WRRT 4 x3 X WRRT Z X3 X WRRT r4
LSA (sP) x3 X WRRT z x3 X WRRT z x3 X L z
LSA (DP) XWR3 X WRRT Z P X WRRT 4 3 X WRRT z
LCIR (SP) x3 X WRRT 4 3 X WRRT 4 x3 X WRRT z
LCIR (DP) XWR3 X WRRT Z x3 X WRRT Y4 x3 X WRRT z
RSL (SP) z WRLFT X x0 z WRLFT X x0 z WRLFT X z0
RSL (DP) Z C-0UT X 20 Y4 WRLFT X £0 r4 WRLFT X x0
RSA (SP) z * X x0 z WRLFT X X0 z WRLFT X x0
RSA (DP) Z * X x0 Z WRLFT X x0 z WRLFT X 0
RCIR (SP) z WRLFT X x0 z WRLFT X x0 z WRLFT X X0
RCIR (DP) z XWRLFT X 20 z WRLFT X x0 z WRLFT X x0

*VARIABLE = (£3 * ALUOVERFLOW) + (C-OUT - ALU OVERFLOW)

TABLE 13

EXTENDED WORKING REGISTER BIT TRANSFERS TO XWRLFT/XWRRT

SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION

MODE XWRLFT  XWRLFT' XWRRT' XWRRT XWRLFT  XWRLFT* XWRRT' XWRRT XWRLFT  XWRLFT' XWRRT' XWRRT
LSL (sP) z X XWRRT z XWR3 X XWRRT z XWR3 X XWRRT z
LSL (DP) Z X XWRRT Z XWR3 X XWRRT Z XWR3 X XWRRT Z
LSA (SP) XWR3 X XWRRT z XWR3 X XWRRT z XWR3 X L z
LSA (DP) WR3 X XWRRT Z XWR3 X XWRRT Z XWR3 X L Z
LCIR (SP) XWR3 X XWRRT z XWR3 X XWRRT z XWR3 X XWRRT z
LCIR (DP) WR3 X XWRRT Z XWR3 X XWRRT Z XWR3 X XWRRT P4
RSL (SP) z XWRLFT X XWRO ra XWRLFT X XWRO z XWRLFT X z
RSL (DP) 4 WRLFT X XWRO Z XWRLFT X XWRO 4 XWRLFT X XWRO
RSA (SP) r4 XWR3 X XWRO z XWRLFT X XWRO z XWRLFT X XWRO
RSA (DP) z WRLFT X XWRO 4 XWRLFT X XWRO Zz XWRLFT X XWRO
RCIR (SP) z XWRLFT X XWRO z XWRLFT X XWRO 4 XWRLFT X XWRO
RCIR (DP) z WRLFT X XWRO z XWRLFT X XWRO 4 XWRLFT X XWRO




TABLE 14
SUM-BUS BIT TRANSFERS TO XWRLFT (MSP)

SHIFT MOST-SIGNIFICANT POSITION

MODE XWRLFT XWRLFT’ XWRRT’ XWRRT
LSL (SP) z X XWRRT z
LSL (DP) Z X XWRRT Z
LSA (SP) XWR3 X XWRRT z
LSA (DP) 3 X XWRRT z
LCIR (SP) XWR3 X XWRRT z
LCIR (DP) x3 X XWRRT Zz
RSL (SP) z XWRLFT X XWRO
RSL (DP) Z WRLFT X XWRO
RSA (SP) P4 XWR3 X XWRO
RSA (DP) Z WRLFT X XWRO
RCIR (SP) Z XWRLFT X XWRO
RCIR (DP) Z WRLFT X XWRO

NOTE: Intermediate and Least-Significant Positions are the same as shown in Table 13.

20 —m8Mm———f

WR0 ————————————»

WRRT
(TO WR0 *+————
AND X 0)
FROM LOGIC
ARRAY
XWRRT' £

XWRO

FROM LOGIC
ARRAY

WRRT

[\

(1/0)

XWRRT

FROM LOGIC
ARRAY ]

(1/0)

FIGURE 13 — SUM-BUS, WR, XWR LSB SHIFT TRANSFER MULTIPLEXERS
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2.15.1

2.15.2
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SHIFT FUNCTIONS

The ‘S481 contains the necessary controls and data paths to perform single or double length logical, arithmetic, or
circulate bidirectional shift functions in a single clock cycle. Each of the six shift functions implemented are selectable
by a single microinstruction; and, additionally two single clock operation forms are included which provide the
capability of performing an add/subtract in conjunction with a shift. The six shift functions and the basic operation
forms offering them are enumerated in Table 15.

TABLE 15
MICROPROGRAMMABLE SHIFT FUNCTIONS
OPERATION FORMS
ADD/SUBTRACT
FUNCTION SIMPLE SHIFT WITH SHIFT
SINGLE DOUBLE SINGLE DOUBLE
LENGTH LENGTH LENGTH LENGTH
LEFT CIRCULATE (LCIR) v, Vv Vi
LEFT SHIFT ARITHMETIC (LSA) v, v Vi h
LEFT SHIFT LOGICAL (LSL) v, v Vi 1] I
RIGHT CIRCULATE (RCIR) v, v Vi
RIGHT SHIFT ARITHMETIC (RSA) v, v Vi 1
RIGHT SHIFT LOGICAL (RSL) v, v \ i "

CIRCULATE (SHIFT) FUNCTIONS (MICROPROGRAMMABLE)

Operation forms IV and V provide the system designer with the capability of programming a single precision circulate
(or rotate) of the X’ bus, working register, or extended working register and operation form V| provides the capability
of circulating or rotating a double-length word resident in the WR/XWR. A single-bit-position left or right circulate is
accomplished on each clock without the loss of any bits as the shift transfer multiplexers, under control of the
resident operation and position input, interconnect the bus or register as illustrated in Figure 14.

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer
mechanisms for MSB — LSB for single precision circulates and for transfers to or from the Z’ bus or working register
and the extended working register during double-precision circulates. Data flow between packages in an expanded
word-length system is via the interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals.

ARITHMETIC SHIFT FUNCTIONS (MICROPROGRAMMABLE)

Operation forms I, IV, V and VI provide the system designer with the capability of programming the following
arithmetic shifts.

Form IIl — A single-precision arithmetic left or sign-protected right shift of the sum or difference of the A and
B operands destined for either the WR or XWR.

Form IV — A single-precision arithmetic left or sign-protected right shift of the A operand destined for the X’
bus.

Form V — A single-precision arithmetic left or sign-protected right shift of the WR or XWR contents.

Form VI — A double-precision arithmetic left or sign-protected right shift of the WR and XWR contents.
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FIGURE 14 — CIRCULATE FUNCTIONS
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A single-bit-position shift is accomplished on each clock with right-shift sign-protection and left shift LSB zero-fill
operations controlled by the shift transfer multiplexers under direction of the resident operation and the position
input. See Figure 15.

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer
mechanisms for transfers to or from the X’ bus or working register and the extended working register during
double-precision arithmetic shifts. Data flow between packages in an expanded word-length system is via the
interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals.

LOGICAL SHIFT FUNCTIONS (MICROPROGRAMMABLE)

Operation Forms I, I1l, 1V, V and VI provide the system designer with the capability of programming the following
logical shifts:
Form 1l — A double-precision left or right shift of the sum or difference of the A and B operands destined for

the WR in conjunction with the XWR.

Form IIl — A single-precision left or right logical shift of the sum or difference of the A and B operands
destined for the WR or the XWR.

Form IV — A single-precision left or right logical shift of the A operand destined for the 2’ bus.
Form V — A single-precision left or right logical shift of the WR or XWR contents.
Form VI — A double-precision left or right logical shift of the WR and XWR contents.

A single-bit-position shift is accomplished on each clock with MSB and LSB fill operations controlled by the shift
transfer multiplexers under direction of the resident operation and the position input. See Figure 16.

The remaining end conditions are handled on chip by the shift transfer multiplexers to interconnect the bit transfer
mechanisms for transfers to and from the Z’ bus or working register and the extended working register during
double-precision logical shifts. Data flow between packages in an expanded word length system is via the
interconnected WRRT/WRLFT and XWRRT/XWRLFT terminals.

DATA-OUT PORT MULTIPLEXER (DO MUX}

The data-out port multiplexer, Figure 17, provides selection for routing the contents of either the sum’-bus, working
register, or extended working register to the parallel output port. Additionally, the multiplexer is equipped with
3-state outputs providing the capability to isolate the ‘S481 from the system data bus. Source selections and
high-impedance controls are detailed in Table 16.

Each data output is capable of sourcing 6.5 and sinking 10 milliamperes of drive current.

MEMORY AND PROGRAM COUNTERS

Dual counters provide the system designer with a processor element containing both an iteration counter and the
capability of generating and/or storing locations of operands/data.

Either counter can be loaded or preset to any value or result from the sum bus in operations forms as follows:

SELECTABLE AS
DESTINATION

OP FORM PC McC
| Yes Yes

1 No Yes
Vil Yes No
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i (o] ofefer 7 e s[4l 2] 1o}
| , [ , [ , |
L SB8IMSP L P g sese
SERIAL
IN
SERIAL __
IN
RIGHT SHIFT LOGICAL
SINGLE PRECISION
[ T TT T i A !
; WR OR XWR : | WR OR XWR : : WR OR XWR }
SER'?,\I,' —r— [ fw0]o]s] | : [ 7]6]5[4] T (3] 2] 1]0o] [
| . I , | \ ]
L SIIMSP oSy

FIGURE 16 — LOGICAL SHIFT FUNCTIONS
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WR3 WR2 WR1 WRO

XWR3 £3 XWR2 22 XWR1 | XWRO ='0

oo —>

DOP3 DOP2 DOP1 DOPO

FIGURE 17 — DATA-OUT PORT MULTIPLEXER (DO MUX)

Under control of the position (POS)

TABLE 16
input and the resident operation DATA-OUT PORT CONTROL
code, the CCO/OV output facilitates
cascading the program and memory CONTROL
counters. In the least-significant and INPUTS SOURCE OR FUNCTION
intermediate positions, the CCO pins D1 DO
of lesser significant packages are
connected to the CCI pins of more 3".BUS

significant packages to complete the
counter interconnections to the
bit-size of the processor element.

EXTENDED WORKING REGISTER
WORKING REGISTER
HIGH-IMPEDANCE

I Trr
I - Ir

The functionally identical program

and memory counters, sharing a

common ccunter carry input (CCI) control pin and a common counter carry output (CCO) pin, feature individual
control lines (INC PC, INC MC) which can be used to instruct either (but normally not both) or neither counter to
increment on the next clock transition in any of the 14 operation forms. Additionally, the counter in the LSP, under
command of the POS input, has the capability of incrementing its value by one or by two to facilitate the generation
of even or odd address locations in a single clock cycle. Contents of the counters can be read out from the address out
port asynchronously under control of the address output multiplexer (AO MUX) select input.

Typical counter functions with respect to package relative positions are shown in Figure 18.

In the MSP, the CCO/OV output, as a result of the position (POS) control, becomes the ALU/shift overflow (OV)
status output. i
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f 'S481 '5481 'S481
iNCMC | msp 1P LSP
] 1 1
|
| — . _ — —
\ ca CCo cal Cco ccl
: Mc MC MC
|
I
|
|
: o o ] oo R
| PC PC
|
IR (DSIDNDE NN AU SRR S SR D
iNC PC
INPUTS COUNTER VALUE
cK
INC PC INC MC | co LSP MC LSP PC MSP, IP MC MSP, IP PC
H H X A NO CHG | NO CHG NO CHG NO CHG
L H L A | NO cHG +1 NO CHG +1
L H H A | NO cHG +2 NO CHG NO CHG
H L L A +1 NO CHG +1 NO CHG
H L H A +2 NO CHG NO CHG NO CHG
X X X L | NO CHG | NO CHG NO CHG NO CHG
X X X H | NO CHG | NO CHG NO CHG NO CHG

H=HIGH LEVEL, L=LOW LEVEL, X=IRRELEVANT , 4 =LOW-TO-HIGH TRANSITION

FIGURE 18 — PROGRAM AND MEMORY COUNTER FUNCTIONS

2.18 ADDRESS-OUT PORT MULTIPLEXER (AO MUX)

The address-out port multiplexer, Figure 19, provides for direct parallel access to the contents of either the program
or memory counter contents. A single line controls selection as shown in Table 17.

TABLE 17
ADDRESS-OUT PORT CONTROL
C
ONTROL COUNTER SELECTED
INPUT AO
L MEMORY
H PROGRAM
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PC3 MC3 PC2 MC2 PC1 MC1 PCO MCo

/oS

po—>

AO3 AO2 AO1 AOO0

FIGURE 19 — ADDRESS-OUT PORT MULTIPLEXER (AO MUX)

2.19 EXPANDING THE WORD LENGTH

3.1

The ‘S481 processor element contains on-chip personality circuitry designed specifically to minimize the external
discrete components required to cascade 4-bit slices to form larger word lengths. At the processor-element level, three
external resistors are all that is required: one to pull-up the open-collector outputs and two to establish the position
control input voltage at the LSP. Figure 20 shows a typical 16-bit processor element and illustrates the parallel bus
arrangements for 1/O and control with an SN74S182 performing ALU look-ahead across the 16-bit word.
Interconnectivity for the shift, arithmetic, and counter functions is accomplished by hardwiring the functions as
shown.

At the system level, standard techniques commonly employed for power-supply bypass, termination of unused pins,
and system grounding of high-performance Schottky TTL systems are recommended.

OPERATIONAL DESCRIPTIONS

MICRO/MACRO-OPERATIONS

The micro/macro-operations resident in the micro-decode logic array can be accessed with an eleven-bit
operation-select word. Operational flexibility is maximized by the fact that the op-select word format has been
defined individually for each of the 14 different operation forms.

Operation Forms [, Il, and I are primarily ALU functions. Forms |1 and 111 combine logical or arithmetic shifting
functions with the ALU result. Form Il can be used for double-precision shifting. Sources, specific ALU function,

shift format, and destinations are detailed for each op-select word format.

Forms 1V, V, and VI perform either logical or arithmetic, bidirectional shifting of the single- and double-
precision buses and registers.

Form VII can be used to compare the magnitude of A source to B source, or B source to A source.
Form VI provides the capability to logically combine the values of the A and B sources.

Form IX zeros the X’ bus with the effect of providing no operation.
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Forms X through X1V are macroprogrammable operations which provide:

CRC partial sum update (normally N clocks)

2
Signed Divide (N + 3 clocks)
Unsigned Divide (N + 1 clocks)
N-bit-by-N-bit double-precision unsigned multiply (N clocks)
N-bit-by-N-bit double-precision signed multiply (N clocks)

pap0p o

The 14 operation forms, symbols, and number of unique operations are detailed in Table 18.

> 17 OPERATION-SELECT BUS \ (——CLOCK
“LD WR 1 1) b A
DO SEL(2) ( - 8 INPUT/OUTPUT BUS 16
AQ SEL l I (
e | b f L E— 1 7
INCPC A INPUT BUS 16
BI/O SEL ( L\ ﬁ ] . I
107 ‘ 10]]7 l I 107 l I Lol ]y l
} B A OP SEL B A OPSEL B A
OP.SEL oy |/% A OPSEL oy BoA kBN CK s N
WRLFT WRRT WRLFT WRRT WRLFT WRRT WRLFT WRRT
XWRLFT XWRRT XWRLFT XWRRT XWRLFT XWRRT XWRLFT XWRRT I UNTER
OVERFLOW ~— OV CCiN €co CCIN cco CCIN = cco Lsag1 /'3481CC|N e ENABLE
Fyrar ’ o . "'S481 "
«—{ SO0 1 g481/5481 L5481/5481 LS481/'s4 g
.
vee —» POS PO ={pos > —=| POS {3 z
zZ zZ = o Q=
por 9 ¢ B 2 aor| = loorx v L—, Saoe| = |oor xvIE € aoe Ik[pop x YISIGE aop
Qe P[0 I ]S
T DATA-OUT BUS
LocicaLLY %r"w < S S S I
GREATER THAN X7 k 1 &
ARITHMETICALLY I I I ADDRESSOUT BUS CARRY
GREATER THAN T INPUT
C —X ]
AN
EQUAL </ 2y 2\' 3
X Y TN+
CARRY LOOK
16 | ,\16/, AHEAD SN745182
DATAOUT ADDRESS-OUT

FIGURE 20 — TYPICAL 16-BIT PROCESSOR
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LLel

62

TABLE 18 — OPERATION FORM, COMMAND FORMAT, AND TEST OUTPUTS

OPERATION FORM COMMAND FORMAT TEST OUTPUTS
LsP msP ALL MsP wsP
oPo oP1 oP2 oP3 ors oPs oPe oP7 ors op9 TN 6 AG Ea couT X v OVEL Pre]
NO. OPERATION [ (8) (o) (10) an (14 (13) “an (15) (16} (18) 21 (20) 23) (22) ) 20 ) @an
1A |(£A +B + IR} ~ £’ BUS ONLY2 H L L A SOURCE 8 SOURCE A'ENCT |8 ENCT JL=CARRY|E#ZERO¥'>ZERO |I'=ZERO | TOUT | x4 Y4 OVFL cco
LLL
I8 |(#A +B + CIN) » REGISTER L REGISTER LL=AI~>A LLH L=A-A'lL=B~B'| CARRY
——— LH=HS—>A t:'ﬁ BI'W:*B H=A-AH=B-8
LL= X = WR HL=BI>A
LH=Z > XWR | HH=WR~A HLL= 81 - XWR ~5
i LH R~ B
HL=3">PC HHL PCB
HH = T’ ~ MC HHH -
_ T | BSRC | A'SRC | SHIFT Y#ZERO |Y>ZERO |¥'=ZERO | COUT | X Y OVFL cco
1A | (A +B+CIN) & WR, XWR? H H H L H L " ILTBI~B [L=AI=A| [-LFT |L-5UB
[iB_[(B—A_1) & WR, xWR H H H T H T H=WR-B'|H=BI>A] H= RT |H=-ADD
ut | (a+8+CiN) » REGISTER H H L H A'SRC |REGISTER B’ SOURCE SHIFT TYPE |L=CARRY| £'#ZERO|X>ZERO [2'=ZERO | COUT X Y OVFL cco
h=;:‘:' :=>‘-;"‘MC th: ISVIH* Bg' L=L0G |L=LFT H=NO *DURING ARITHMETIC SHIFTS A’ + C IS COMPARED TO —1
“BIZATHET SWR B H="ARITH[H=RT | CARRY SHIFT
XWR | HL = XWR ~ 8 ¥ o1 ¥>o1 |¥=-1 | COUT x Y OVFL cco
HH" = L'S~>B’
REG OR AT SHIFT TYPE | Ai#zERQAI>ZERO |AI=ZERD | CTF X Y L cco
w | AI» 3 BUS H H H L H H LL=Al® LL = LOG L LFT (FOR
VA |WR & WR H H H L H H LH = WR & WR LH= ARITH H - RT LsA
VB _| XWR » XWR H H H L H H HL = XWR & xwR [ HL = ROTATE OVFL)
VI_| WR, XWR & WR_XWR H H H L H H RXWR-WRXWR | HH (NOT DEFINED)
B’ SOURCE A’ SRC OPER H NI>N2  [NI>N2  [N1=N2 =LG X Y - cco
VIIA] A:B (N1:N2) H H H L L (SAME AS FORM | ABQVE) L= Al~>A" AB
VIIB[B:A (NT:N2) H H H L C H=WR—A[H=B:A
FUNCTION A'SRC | REGH 8 SOURCE AFNCT [B°FNCT | REGT | vszero |w>zERO |y-zERO | -GN X v L oo
MA| NOR/AND LOGICAL OPERATIONS H LH NOR L=Al—>A |LL=WR LL=8BI—B —~A" |L=B~B' [(SEE
VIIB | OR/NAND LOGICAL OPERATIONS H LHH = OR H=WR—A |LH=XWR | LH=WR-8 A-A [H:=B-8' [UNDER
ViiC | EX OR/EX NOR LOGICAL H HLL = XOR HL - PC HL = XWR ~ B lops
OPERATIONS HH = HH=PC—>B ICOLUMN
1x__ | NO OPERATION (ZERO ~ £’ BUS) H H H H H HorL Horl | Horl | Horl | Horl [ Hort L L H -CIN X Y L cco
X__| CRC ACCUMULATION H H H H L L L L L ons H - - - - X Y L cco
[A.START. A H H H T T H L H H H B — [Div-ZRO| - B E = =
X! [SIGNED [B.ITERATE (N-1 CLKS) H H H H L H T H 015 0716 H - - = - - - - -
INTEGER [C ITERATE FINISH H H H H L H H L L] /16 H - - - - - - - -
DIVIDE  [D. FIX REMAINDER A H H H T H T C 0/ o/6 H - - - - - - - -
. ADJUST QUOTIENT A H " H N T H H 0716 O/6 Gl - - - - N - - B
Xttt AA. START H H H H L L L L H H L - [pivOvFLl - - - - - -
DIVIDE  [B_ITERATE (N1 CLKS) H H ] H T T T H H 0716 L - = - - - - - -
C_FINISH H H H H L L L H L 0/I6 L - - - - - - - -
XI1i | UNSIGNED MULTIPLY H H H H L L H L L 0/16 H - - - - - - - -
XIV | SIGNED INTEGER MULTIPLY H H H H L H H H 0/15 O/15 H = - = = B = = =
DO1SEL (29)
A0 SEL (42) DO2 SEL (30) BI/O SEL (29) CDWR (24) TMC (35) INCPC_ (43) CTl (a4) POS (19 OATA PORTS PIN ASSIGNMENTS
L M LL ¥'BUS L ouTPuT L AISWR L INC L INC LSPLix 1 oV =MD Al_[B1/0 [ pOP [ AoP [ BIT (27 WRRT (26)  CK (45)
H PC LH WR H INPUT H NO LOAD H HOLD H HOLD LSPH:x 2 24V =LSP u (6) I 146) (34) (38) 0 (LSB) WRLFT (25) Vee (12)
HL  XWR MID OR MSP 5V = MSP Pom| G| @n| @l e XWRRT (28)  GND (36)
HH HI-Z L CARRY NE @l | e e |2 XWRLFT (27)
H  NOCARRY R| @ | @ | 8y | @0 | 3(msB)
NOTES: NUMERALS IN PARENTHESIS ARE PIN NUMBERS 5.0 1SOUTPUT ON LSP, | IS INPUT ON LSP

ENFRIFNIN

- DESTINED FOR % SHIFTED AND DESTINED FOR
H = HIGH VOLTAGE LEVEL, L = LOW VOLTAGE LEVEL
. X AND Y ARE CARRY LOOK-AHEAD FUNCTIONS

6. O ISOUTPUT ON MSP, | 1S INPUT ON MSP
7. VOLTAGE VALUES ARE NOMINAL




3.2 OPERATION FORM | — ADD/SUBTRACT ~ REGISTER

Operation Form | is designed specifically to perform the addition or symmetrial subtraction of two operands. The
operation form shown in Figure 21, is composed of two distinct capabilities:

=] I < © 7] © ~ o z - IN]
o = a o
5 & & 8 & & & o5 Il & &
FORM IA W] A2 A1 A0l B3 B2 Bl BO|C | L L
FORM IB L | A2 a1 Aol B B2 B BO|C|[ ST SO
FORM IA: A PLUS B  PLUS ALUCIN —s=  ¥'BUSONLY
FORM IB: A PLUS B  PLUS ALUCIN —e  REGISTER
A-SOURCE SEL B-SOURCE SEL ACTIVE CARRY REG. DESTINATION SEL
A2 Al__A0 | SEL B3 B2 Bl B0 SEL SN - 1. s1__ S0 SEL
[ Lot ot B8 NO CARRY L L | y— wR
L L H|A-=-A L L L H|Bl—-8 L H | x»— xwr
L H L | H=A L L H L| H-=p H L | y—=rc
L H H| L-=A L L H H| L= SN - L H  H | »— MC
H L L |Bl=A L H L L|B-wR-—B CARRY INPUT
H L H|B=A L H L H|BWR—B
H H L | wR=A L H H L[| wr=B*
H H H| wR=A L H H H| WR=sB" 1 OVEL (MSP) = H
H L L L Bl - XWR-=8 Indicates that operation in process will cause
H L L H| B XwrR—8
ALU to overflow.
ASYNCHRONOUS CONTROLS: H L H L | XWR—=p8"
SEL B INPUT/OUTPUT* oL H H Y XWRTE 2. MAGNITUDE: The : Bus is compared to ZERO,
SEL DOP SOURCE R A Resultant outputs are:
SEL AOP SOURCE H H L H| BI"PC—8B AG = H (¥ Bus Arithmetically > ZERO)
INCREMENT PC OR MC H o H H L] PCeB" LG = H (x Bus # ZERO)
INHIBIT PC AND/OR MC H H H H|PC=pB" EQ = H (X BUS = ZERO)
LOAD WR
*BI/O CAN BE USED AS OUTPUT T
H=HIGH LEVEL, L=LOW LEVEL 3. C-OUT (MsP) = L
Indicates ALU Carry Out.
%' BUS
FIGURE 21 — FORM I—ARITHMETIC OPERATIONS: A PLUS B PLUS ALUCIN =
REGISTER
a. Form IA provides the capability of adding or subtracting two operands and routing the results to the

2’ bus. Symbolically, this operation can be expressed as:

PLUS .
A {MINUS} B PLUS ALUCIN » 2’ BUS

This form provides the capability of choosing from any one of the A and any one of the B sources
listed in Figure 21 as the operands to accomplish the add/subtract. The example illustrated in Figure
22 utilizes the 1/0 capability of the B input/output port. Input data at the Al or B 1/0 is setup and
then latched into the ‘S481 A or B input latch on the negative transition of the ‘S481 clock.

During Form |A operations, the contents of the extended working register are not changed and the
working register may be saved or loaded directly. The program or memory counters under control of
the asynchronous increment, inhibit, and LSP CCI can be saved or either may be incremented by one
or two. Sources for the DOP and AOP are also selectable.



Al AOP
SINGLE - PORT
'S481
REGISTER FILE
('170,'LS170, OR PROCESSOR
'LS670)
? BI/O DOP
ENABLE
MEMORY
DATA 0o
MEMORY AO
|t——————— TYPICALCYCLE —
(READ-THEN-WRITE THE SAME REGISTER)
SYSTEM

cLocK \

N — COMMAND

81/0 SEL (INPUT) KN (ouTPUT) AXKXKXY
(KRR HIXRINHN e wirre 04T AXKUXXXAK
RF WRITE DATA
Al RF READ DATA m{ RF READ DATA X U )MXXX
RF WRITE
CONTROL /
LATCHED — |

{INTERNAL 'S481)

m = IRRELEVANT

FIGURE 22 — ‘S481 OPERATION WITH SINGLE-PORT REGISTER FILE
The overflow and magnitude status lines are active as enumerated in Figure 21.

Form B provides the capability of adding or subtracting two operands and routing the results to one
of the four ‘S481 storage destinations: the working register (WR), the extended working register
(XWR), the program counter (PC), or the memory counter (MC). Symbolically, this operation can be
expressed as:

PLUS

MINUS l B PLUS ALUCIN — REGISTER

This form provides the capability of choosing from any one of the A and any one of the B sources
listed in Figure 21 as the operands to accomplish the add/subtract.
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3.3

3.4
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OPERATION FORM Il — ADD/SUBTRACT WITH DOUBLE-PRECISION SHIFT

Operation Form |l is designed specifically to perform one of two classical iterations used frequently to implement
microprogrammed multiply and divide algorithms. This form provides the system designer with the capability of
selecting a single microinstruction which will complete both the add-and-shift or subtract-and-shift functions in a

single clock cycle. Available microinstructions are illustrated in Figure 23. Symbolically, Form |l operations can be
represented as:

(A PLUS B PLUS ALUCIN) SHIFTED - WR, XWR
(B MINUS A MINUS 1) SHIFTED - WR, XWR

Hardwired algorithms for double-precision muitiply and divide routines can be selected in operation forms XI, Xil,
X1, or XIV.

During Form 1l operations the status, overflow, and asynchronous controls are the same as described for Form |.

<) - o~ © < 0 © ~ z Q ©
s & & & & & & & B 5 &
- T T T -
FORM 1A H H H L H L A B [ D L (A PLUS B) SHIFTED —= WR, XWR
+ + + +
FORM 11B H H H L H L A B c D H (B MINUS A MINUS 1) SHIFTED —& WR, XWR
L N " " .

A-SOURCE SEL Im/ACTIVE CARRY\ DIRECTION

A SEL B SEL CIN=H D SEL

L Al A L Bl —» B {NO CARRY) L LSL (2’ BUS, XWR) —= WR, XWR

H Bl—»A H WR —»-B* H RSL (X’ BUS, XWR) - WR, XWR
CIN=1L

ASYNCHRONOUS *BI/O CAN BE CARRY INPUT

CONTROLS: USED AS OUTPUT

SEL B INPUT/OUTPUT* 1. OVFL (MSP) = H

SEL DOB SOURCE Indicates that operation in process will cause ALU to overflow.

SEL AOB SOURCE

INCREMENT PC OR MC 2. MAGNITUDE: The £ Bus is compared to ZERO

INHIBIT PC AND/OR MC Resultant outputs are:

LOAD WR AG = H (X Bus Arithmetically > ZEROQ)

H = HIGH LEVEL, L = LOW LEVEL LG = H (x Bus # ZERO)

EQ = H (2 Bus = ZERO)

3. C-OUT (MSP) =L
Indicates ALU Carry Out,

FIGURE 23 — FORM U~ARITHMETIC WITH DOUBLE-PRECISION SHIFT
A B
I BI PLUSl A‘ PLUS CARRY  SHIFTED ~>WR, XWR

(MULTIPLY AND DIVIDE SHIFT OPERATIONS WITHOUT AUTOMATIC CONTROL)

OPERATION FORM Il — ADD WITH SINGLE-PRECISION SHIFT

Operation Form |l is a universal microinstruction providing the designers with the capability of performing an
add-and-shift function in a single clock cycle. Sources and destinations are shown in Figure 24. Also enumerated are
the shift functions which are selectable as part of the microinstruction.



3.5

Magnitude and overflow status indicators are active as enumerated in Figure 24. Form Il can be represented
symbolically as:

(A PLUS B PLUS ALUCIN) SHIFTED - XWR, OR MC

During Form Il operation the contents of the working register are not changed unless an asynchronous load is
selected. If not selected as the destination, the extended working register will be saved. The memory counter can be
the operand destination, or it and the program counter can be saved, or one can be incremented by one or two on
selection. Sources for the DOP and AQP are also selectable.

oPo
oP1
oP2
cP3
oP4
oP6
oP7

|Z
©

T T T T T T
IH H L HIAIB’I BOlC]D1 DO S]

oP8
oP9
0oP5

(APLUS B PLUS ALUCIN) SHIFTED REGISTER

A-SOURCE SEL B-SOURCE SEL ACTIVE CARRY SHIFT SEL REG. DESTINATION
A SEL B1 BO SEL CIN = H: D1 DO SEL S SEL
L Al = A L L Bl — B NO CARRY L L LSL — %' L X' —=— MC
H Bl — A L H WR—= B L H RSL —= X’ H I’ - XWR
H L XWR == B CIN=L: H L LSA* —= 3’
H H L~ B CARRY INPUT H H RSA*~—= '
ASYNCHRONOUS CONTROLS:
SEL B INPUT/OUTPUT 1. OVFL (MSP) = H Indicates that the shift operation in
SEL DOB SOURCE process will cause the selected register 1o overflow.
SEL AOB SOURCE 2. *MAGNITUDE: During LSA or RSA, A plus C (N1) is
INCREMENT PC OR MC compared to B (N2); during the remaining operations, the
. X Bus is compared to ZERO. Resultant outputs are:
L'\é':g';v;c AND/OR MC AG = H (N1 ARITHMETICALLY > N2) or (¥ BUS

ARITHMETICALLY > ZERO)
H = HIGH LEVEL, L = LOW LEVEL LG =H (N1 > N2) or (£ BUS # ZERQ)
EQ=H (N1 =N2) or (X BUS = ZERO)
3. COUT (MSP) = L Indicates ALU Carry Qut.

FIGURE 24 — FORM III1-ARITHMETIC WITH SINGLE-PRECISION SHIFT
(A PLUS BPLUS ALUCIN) SHIFTED - XWR OR MC

OPERATION FORM IV ~ Al SHIFTED ~ Z' BUS

Operation Form 1V is designed specifically for performing a single bit-position logical, arithmetic, or circular shift of
the data applied at the A input port. This single clock operation can be used to shift information residing in any of the
external working memory register locations simply by enabling the output capability of the BI/O port and writing the
shifted word back into the same (or any other selected) memory location.

Asynchronous controls are the same as described for Operation Form IA, and the magnitude status lines are active
and overflow is active during left-shift arithmetic (LSA) operation as enumerated in Figure 25.
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o - o~ I < [te] © E gg E =z
5 5 & & &8 & & & 6 o
l H H H L H H L LJ| p2 b1 DO |
SHIFT SEL
D2 D1 DO SEL 1. COUT =TIN
L L LS 2. OVFL (MSP = H)
ASYNCHRONOUS CONTROLS: L L H RSL Indicates that LSA operation
SEL B INPUT/OUTPUT LH L LSA in process will cause shift over-
SEL DOB SOURCE L H HIRSA flow. For all other operations,
SEL AOB SOURCE H L L | LOR OVFL = L.
H L H|RCR
INCREMENT PC OR MC Woon L | NoTDEFINED 3. MAGNITUDE: Al is compared
INHIBIT PC AND/OR MC .
H H H NOT DEFINED to ZERO. Resultant outputs are:
LOAD WR
AG = H (Al > ZERO)
H = HIGH LEVEL, L = LOW LEVEL LG - H (Al % 2ERO)

3.6

FIGURE 25 — FORM IV—AI SHIFTED —> Z' BUS

OPERATION FORM V — SINGLE-LENGTH SHIFT

EQ = H (Al = ZERO)

Operation Form V performs a single-bit position, logical, arithmetic, or circular shift of either the working register or
extended working register. Magnitude status indicators are active and overflow is active during left-shift arithmetic
(LSA) operations as enumerated in Figure 26. Asynchronous controls are the same as described for Operation Form

1A,
g = & 2 §& © ¢ = e 2 Z
S & & & & & 5 & & & b
FORM VA H H H L H H_ L H] p2 b1 po WR SHIFTED —# WR
FORM VB H., H_ H L. _H H H L| p2 b1 DO XWR SHIFTED =% XWR
SHIFT SEL
D2 D1 DO SEL 1. TOUT =CIN
ASYNCHRONOUS CONTROLS N 2 OVFL (MSP-H)
: L L H RSL Indicates that LSA operation in process
SEL B INPUT/OUTPUT L H L LsA will cause shift overflow. For all other
SEL DOB SOURCE L H H I RSA operations, OVFL = L.
H L L | LR
SEL AOB SOURCE oL nl ror 3. MAGNITUDE: Al is compared to ZERO.
INCREMENT PC OR MC Resultant outputs are:
INHIBIT PC AND/OR MC H H L | NOTDEFINED AG = H (Al > ZERO)
LOAD WR H H H | NOTDEFINED

H=HIGH LEVEL, L = LOW LEVEL

LG =H (Al # ZERO)
EQ =H (Al = ZERO)

WR

an}

WR
FIGURE 26 — FORM V: SHIFTED >
GURE 26 {an} {



3.7
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3.9

OPERATION FORM VI — DOUBLE-PRECISION SHIFTS

Operation Form VI performs a double-precision logical, arithmetic, or circular shift of a double-length word residing
in the working register and extended working register. Magnitude status indicators are active and overflow is active
during left-shift arithmetic (LSA) operations as enumerated in Figure 27. Asynchronous controls are the same as
described for operation form 1A.

oPo
oP1
oP2
oP3
oPa
oP5
o6
oP7
ors
oP9
CIN

SHIFT SEL

D2 D1| DO SEL 1. COUT =CIN

L B 2. OVFL (MSP = H)
ASYNCHRONOUS CONTROLS: L L H RSL Indicates that LSA operation
SEL B INPUT/OUTPUT Lo H L L8A in process will cause shift
SEL DOB SOURCE L H H RSA overflow. For all other opera-
SEL AOB SOURCE HoL| L LOR tions, OVFL = L.
INCREMENT PC OR MC " L ; RCIR 3. MAGNITUDE: Al is compared
INHIBIT PC AND/OR MC H H ] L NOTDEFINED ZERO. Result )
LOAD WR H H H NOT DEFINED to . Resultant outputs are:

AG =H (Al > ZERO)
LG =H (Al # ZERO)
EQ =H (Al = ZERO}

H=HIGH LEVEL, L = LOW LEVEL

FIGURE 27 — FORM VI-DOUBLE-PRECISION SHIFTS: (WR, XWR)SHIFTED —{WR, XWR)
OPERATION FORM VIl — COMPARE (A:B OR B:A)

Operation Form VI is designed specifically to provide the system designer with the capability of symmetrically
comparing either operands A-to-B or operands B-to-A. The operands selectable are enumerated in Figure 28 as the A
source select or B source select. The carry output, overflow, and magnitude status lines decode and indicate the logical
and arithmetic relationship of the operands being compared as shown in Figure 28. Asynchronous controls are the
same as described for Operation Form IA.

OPERATION FORM ViIl — LOGICAL FUNCTIONS

The ALU with its carry circuit functionally inactivated in Form VIIl operations can be microprogrammed in
conjunction with the source operands to perform any of the possible combinatorial Boolean functions on two binary
variables. See Figure 29. Simple transfer functions are performed with the arithmetic operations in Form |, and
combinatorial transfer and shift operations are available in Form IlI.

As with the arithmetic operations, a highly flexible source selection extends performance of single clock
combinatorial logical operations between two (external) operands applied at the A and B input ports, or combinations
of resident data in ‘S481 registers or counters can be combined logically with another register or external source. The
specific combinations selectable are enumerated in the following paragraphs.
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oPO
oP1
opP2
opP3
oPa
or8
ops
opPé
oP7
oP9
CIN

IN1:N2

FORM VIIA H H H L L A B2 B1 BO L H A:B

FORM VIIB H H H L L A B2 B1 BO H H B:A

A-SOURCE SEL B-SOURCE SEL
A SEL B2 B1 BO SEL 1. TOUT = LG
L Al L bt 2. MAGNITUDE: A or B (N1) is compared to B or A (N2),
H WR L L H H* respectively. The resultant outputs are:
L H L | BI-WR
L H H WR* AG = H (N1 arithmetically > N2)
ASYNCHRONOUS CONTROLS: | H L L | Bl-XWR LG = H (N1 logically > N2)
SEL B INPUT/OUTPUT* H oL H | XWR* FQ=HN1=N2)
SEL DOB SOURCE H H L |BI-PC 3. OVFL (MSP) 1S NOT DEFINED.
SEL AOB SOURCE H _H _H JPCT

INCREMENT PC OR MC
INHIBIT PC AND/OR MC

LOAD WR *BI/O CAN BE USED AS

OUTPUT (£ BUS = N1—-N2—1)

H=HIGH LEVEL, L = LOW LEVEL

FIGURE 28 — FORM VII—-COMPARE: l ‘;‘ : ﬁl
g & & 2 & & 2 & 2 &
o o o o [o} o o o [S] o 3

T T v T T T T

FORM VIIA H L H L Al A0 | B2 Bl BO | St S0 NOR

FORM VIIB H L H H A1 A0 | BZ B1 BO | St S0 OR

FORM VIIIC | H H L L A1l A0 | B2 B1 BO | S1 S0 EX-OR

s " s " " 1
NOR
A OR B —» REG

/' X-0R \
A-SOURCE SEL REG DESTINATION SEL

Al A0 SEL B-SOURCE SEL s1 S0 SEL
R B2 B1  BO SEL L o — wn
L H|&T—-a L L L |B=B L H | »—= XWR
H L |wWR=—a L L H|BI—8 H L | x»—=rpC
H H|WR-=aA L H L WR—=B" H  H | » oNLY
L H H | WR—B*
H L L | xXwR—B*
H L H XWR — B*
H H L |Ppc—s"
H H H|PCes*
*BI/O CAN BE USED AS OUTPUT.
ASYNCHRONOUS CONTROLS:  SEL B INPUT/OUTPUT* 1. OVFL=LOW
SEL DOB SOURCE 2. COUT =CIN
SEL AOB SOURCE 3. MAGNITUDE: The X Bus is compared to ZERO.
INCREMENT PC OR MC Resultant outputs are:
INHIBIT PC AND/OR MC ﬁg = :: (‘i‘ :“s:;tgg'g‘)ica"y > ZERO)
= > Bus
LOAD WR EQ = H (x Bus = ZERO)
H = HIGH LEVEL, L = LOW LEVEL
NOR
FIGURE 29 — FORM VIII—-LOGICAL OPERATIONS: A { OR | B~>REGISTER
X-OR
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3.9.1 NOR/AND Logical Operations

Operation Form VIIA can be used to perform the NOR or AND logical combination of two selectable operands and
route the results to one of four destinations. The operation microcode is:

////\

FORM VIIIA IH

SEL A SOURCE B SOURCE DESTINATION
L=Al L=TRUE LL=BI L =TRUE LL=WR
H=WR H=COmP LH=WR H = COMP LH = XWR

HL = XWR HL=PC
HH=PC HH = ='-BUS

H=HIGH LEVEL, L=LOW LEVEL

As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form
(bits AO, BO) to facilitate performing the NOR, mixed NOR/AND, and the AND functions. As implemented, see
Figure 30, the NOR function is performed when the sources are both true, mixed NOR/AND functions are performed
with one source complemented, and the AND function is performed when both sources are selected in their

complement form. Both implementation and other/equal logic symbols are shown in Figure 30. Also provided are the
function tables and Boolean equations.

SELECTIONS AVAILABLE

TRUE A= COMP B=COMP A and B = COMP
& ~
A A A A Al
IMPLEMENTATION 5 5! B z/ B z
B 8 B B
A BJ|X A|R 8| ¥ B|B A|YX A B|A B|x
L L(|H L[H C[CL L[H Lu L L[H H|C
FUNCTION TABLES HoL]L Hit L IH L|H HJL H L|L H|L
{H = HIGH LEVEL, L oML LiH wlL H|L L|H L H|H L|L
L= LOW LEVEL) H H]|L HiL H]|L HlL H]L H HlL L]|H
P8 = 0P9 = L OP8=H,0P9 =L OP8=1L,0P3=H OP8=0P9=H
OTHER OR A 5 A 5 A b A z’
EQUAL SYMBOLS B B B B
NOR MIXED MIXED AND
BOOLEAN FUNCTIONS £'=RA¥B z'=AB £/=AB == AB

FIGURE 30 — FORM VIIIA NOR/AND LOGICAL OPERATIONS
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3.9.2

38

OR/NAND Logical Operations

Operation Form VIIIB can be used to perform the OR or NAND logical combination of two selectable operands and
route the results to one of four destinations. The operation microcode is:

- ™ [ee] ~ ] [Te} P4
5§ 5 5 &£ § £ £ 5§ 8§ 8§ 3
FORM VII1B H L H H]a aols2 81 Bo[s1 sol
SEl™  ASOURCE __s__uz)/asou’r:é DESTINATION
L=Al L=TRUE LL =8I L = TRUE LL =WR
H=WR H=COMP LH = WR H = COMP LH = XWR
HL = XWR HL = PC
HH = PC HH = »"-BUS

H=HIGH LEVEL, L=LOW LEVEL

As shown above, the A and B sources are selectable by the A1, B1, and B2 bits in their true or complementary form
(bits AO, BO) to facilitate performing the OR, mixed OR/NAND, and the NAND functions. As implemented, see
Fig<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>