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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 1a·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 SN54S174S481. with a clock cycle time of 100 ns. is the industry's highest complexity Schottky TTL processor element. 
and the only bipolar micro/mecroprogrammable element featuring automatically sequenced iterative multiply and divide and 
cyclical· redundancy algorithms. 

The SBP0400A and the SBP0401A. integrated injection logic (12L) bit slices with complete TTL/M~ compatibility. can 
operate at a constent speed· power product o,er a wide range of supply current therein offering an unmatched level of 
performance flexibility. 

The SBP9900 microprocessor. a ruggedized monolithic parallel 1a·bit (l2L) 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 SN54SI74S4B2 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. the SN54SI74S330I'S331. 

A number of advanced high·complexity I/O and interface circuits have been added to the series. Most of these I/O 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 TI semiconductor/component product are available from your nearest TI 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 Date Book a meaningful addition to your technical 
library. 

t'nhg,ated Schottkv·aa"ie, diode
clamped t,an.il1O, iI pe_ted by 
Ta.. Instrumentl. U. S. 'aMnl 
Number 3.463.975. 

TEXAS INSTRUMENTS 
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NUMERICAL INDEX 

TYPE NUMBERS SECTION PAGE TYPE NUMBERS SECTION PAGE 

SBP0400A 2 SN54S299 SN74S299 5 9 

SBP0401A 2 SN54LS300A SN74LSJOOA 4 19 

SBP9900 3 1 SN54S300A SN74S300A 4 19 

SN5488A SN7488A 4 7 SN54S301 SN74S301 t 
SN54186 SN74186 SN54LSJ02 SN74LS302 4 19 

SN54187 SN74187 4 7 SN54LS314 SN74LS314 4 25 

SN54S188 SN74S188 4 1 SN74S314A 4 25 

SN54S189 SN74S189 4 15 SN54S314 SN74S314 4 25 

SN54LS200A SN74LS200A 4 19 SN54LS315 SN74LS315 4 25 

SN54S200A SN74S200A 4 19 SN54S330 SN74S330 5 13 

SN54S201 SN74S201 t SN54S331 SN74S331 5 13 

SN54LS202 SN74LS202 4 19 SN54S370 SN74S370 4 7 

SN54LS207 SN74LS207 4 31 SN54S371 SN74S371 4 7 

SN54S207 SN74S207 4 31 SN54S373 SN74S373 5 26 

SN54LS208 SN74LS208 4 31 SN54S374 SN74S374 5 26 

SN54S208 SN74S208 4 31 SN54S387 SN74S387 4 1 

SN54LS214 SN74LS214 4 25 SN54S400 SN74S400 4 37 

SN74S214A 4 25 SN54S401 SN74S401 4 37 

SN54S214 SN74S214 4 25 SN54S412 SN74S412 5 30 

SN54LS215 SN74LS215 4 25 SN74S428 5 35 

SN54S225 SN74S225 4 39 SN74S438 5 35 

SN54S226 SN74S226 5 1 SN54S470 SN74S470 4 

SN54S240 SN74S240 5 5 SN54S471 SN74S471 4 

SN54S241 SN74S241 5 5 SN54S472 SN74S472 4 

SN54S270 SN74S270 4 7 SN54S473 SN74S473 4 

SN54S271 SN74S271 4 7 SN54S474 SN74S474 4 

SN54S287 SN74S287 4 SN54S475 SN74S475 4 

SN54S288 SN74S288 4 SN54S481 SN74S481 1 

SN54S289 SN74S289 4 15 SN54S482 SN74S482 5 41 

tNot recommended for new designs. For datil sh .. t., ... Thtl Stlmiconductor Memory Data Book for Design EnginHrs. For new de.lgns, refer 
to section 4 of this menual for TI'.8dvanced Schottky PROM end RAM famill ... 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICI!. IIOX S012 • OALLAS. TEXAS 75222 
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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 I - 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. 

TEXAS INSTRUMENTS 
INCORPORATED 

PO'T OF~ICR BOX SOU • DALLAS. TEXAS 75222 



Medium-Scale Integration, MSI 

GLOSSARY 
TTL TERMS AND DEFINITIONS 

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-Seale Integration, SSI 

Integrated circuits of less complexity than medium-scale integration (MSI)_ 

Very-large-Seale Integration, VLSI 

A concept whereby a complete system function is fabricated as a single microcircuit. I n 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 II - 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: 

talad) 
talE) 
talS) 

Access time from address 
Access time from chip enable 
Access time from chip select 

Clock Frequency 

Maximum clock frequency, fmax 
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, IIH 
The current into· an input when a high-level voltage is applied to that input. 

High-level output current, 10H 
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, IlL 
The current into * an input when a low-level voltage is applied to that input. 

Low-level output current, 10L 
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, 1010ff) 
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 8 negative value. 

TEXAS INSTRUMENTS 
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GLOSSARY 
TTL TERMS AND DEFINITIONS 

Off-state (high-impedance-statel output current (of a three-state outputl, 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, lOS 
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 Vee supply terminal of an integrated circuit. 

Cycle Time 

Read cycle time, tc(rdl (see notel 
The time interval between the start and end of a read cycle. 

Read-write cycle time, tc(rd,wrllsee notel 
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, tc(wrl (see note I 
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 iu read and/or write function correctly. 

Hold Time 

Hold time, th 
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 evenU 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 I 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, tpZLI 
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 (offl state to the defined high (or lowllevel. 

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 (offl state to either of the defined active levels (high or lowl. 

Output disable time (of a threlt-state output) from high level, tPHZ (or low lavel, tPLzl 
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 lowllevel to a high-impedance (off) state . 

• Current out of .. terminal II given a ... negative value. 
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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 deley time, tpD 
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 L 
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 

Pulse Width, tw 
The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 

Example symbology: 

Recovery Time 

tw(cir) 
tw(wr) 

Sensa Recovery time, tSR 

Clear pulse width 
Write pulse width 

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 ti me, treleasa 
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, tsu 
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-Ievel, tTLH 

GLOSSARY 
TIL TERMS AND DEFINITIONS 

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

Transition time, high-to-Iow-Ievel, 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-Ieval input voltage, VIH 
An input voltage within the more pOSitive (leu 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 voltege, VOH 
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 voltege, VI K 
An input voltage in a region of relatively low differential resistance that serves to limit the input voltage swing. 

Low-level input voltage, VII~ 
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. 

Negativ.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, VO(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 outpuU not having internal pull-up elements. 

On-state output voltage, VO(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 outpuU not having intarnal pull-up elemenu. 

Positiv.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 voltaga rises from a level below the negative-going threshold voltage, VT--
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TTL 
EXPLANATION OF FUNCTION TABLES 

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

H 

L 

t 

" 
" 
X 

a .. h 

00 

00 

an 
..n.. 
u 

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 a before the indicated steady-state input conditions were established 

complement of 00 or level of n before the indicated steady·state input conditions were established 

level of a before the most recent active transition indicated by " or t 
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 t. 
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1. INTRODUCTION 

1.1 ARCHITECTURAL FEATURES 

The SN54S481, SN74S481 are Schottky TTL 4·bit expandable parallel binary micro/macroprogrammable processor 
element building blocks designed specifically for implementing high·performance digital computers/controllers. The 
'S481 , with its ability to efficiently emulate existing systems, can be used to upgrade hardware performance with full 
compatibility to protect the software investments. 

Designed with full parallel dual input/output ports, the memory·to·memory architecture of the 'S481 provides a new 
dimension in interrupt processing or program context switching flexibiliti.s. Its static bipolar logic performs each 
microinstruction within a singl. 100 ns clock cycl •. 

Primary among the '5481 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. 

1.2 OPERATIONAL FEATURES 

The functional capabilities, characterized by the 24,780 unique operations of the 'S481 , coupled with its 
macroprogrammable multiply and divide algorithms, make the '5481 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 microcycle. Some other operational features are: 

• Simultaneous one-clock compound operations with status can reduce microcycles and improve throughput 

• Pre-programmed multiply, divide, and CRG algorithms 

• Performs 16-bit by 16·bit double-preciSion divide in less than 3 microseconds 

• 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 

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

1.3 MECHANICAL FEATURES 

The '5481 is supplied in a high-density 48-pin package with the qud pin rows formed on 600- and 800-mil centers. 
Within each of the four rows pin spacing is 100-mils, center-to-center. See mechanical data for detailed dimensions. 

DESIONGOAL 
TIll. docu ..... t provldee Mn.tIvtI Inforlllltion 
on • product in the .... Iop_.1 lUll. T._ 
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PIN NUMBER PIN NAME 

r------' - r' 
48,47 BIIOO, BI/01 
1,2 BI/02, BI/03 

8,5 AIO,AI1 
4,3 AI2,AI3 

7,8 OPO,OP1 
9,10 OP2,OP3 
17,14 OP4,OP5 
13,11 OP8,OP7 
15,18 OP8,OP9 

12 VCC 
18 ~ 

19 POS 

! 

20 Y/AG 

21 X/LG 

22 emiT 
23 EQ 

24 ~ 
! 

! 26 WRRT, 
25 WRLFT 

28 XWRRT, 
27 XWRLFT 

29 DO 
30 01 

34 OOPO 
33 OOPI 
32 00P2 
31 00P3 

35 ~ 

38 GNO 

37 ccn,OV 
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TABLE 1 
FUNCTIONAL DESCRIPTIONS 

PIN FUNCTION 

4-bit parallel data input port to the B latch, or 4-bit parallel data 
output for the ~·bus when not being used as an input. 

4-bit parallel data input port to the A latch and WR. 

OPO through OP9 serve as a 1 O-bit parallel operation-select input to 
the micro-decode logic array. In the most-significant position, OP8 
and OP9 additionally serve as open-collector outputs during multi-
ply and divide algorithms. In the least-significant position, Opg 
sarve. es an open-collector output during the CRC algorithm. 

Single 5-volt power-supply terminal. 

Receives IOW-Bctive ripple carry input data. 

Directs internal and input/output end-conditions required to define 
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 intermediata (lP) slice; and when high,S 
volts, it functions as the most-significant (MSP) slice. 

In least-significant and intermediate positions outputs arithmetic 
carry generate IY) for use with look-ahead. I n most-significant 
position outputs true arithmetically-greater-than signal. 

In least-significant and intermediate positions outputs arithmetic 
carry propagate IX) for use with look-ahead. I n most-significant 
position outputs true logically-greater-than signal. 

Outputs low-active ripple carry data. 

Outputs true lactive-high) aquality of ~' bus equals zero for each 
4-bit slice. The open-collector output permits wire-AND to achieve 
Nx4-bit equality output. 

When low, data applied at the AI port coincident with the I clock 
transition is loaded into the WR. 

Working register and ~-bus shift interconnectivity pins. WRRT 
receives left-shift and outputs right-shift (trua) data. WRLFT 
receivas right-shift and outputs laft-shift (true) data. Shift can be 
single-precision, double-precision, signed or unsigned. 

Extandad working register shift interconnectivity pins. XWRRT 
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. 

Salects one of three OOP sources (WR, XWR, or ~-bus) or places 
the DOP outputs in a high-impedance state. 

4-bit parallel, data-out port. OOPO is LSB. 

When low, enables the MC to increment as directed by 00" on the 
naxt t clock transition. When high, inhibits MC to hold mode_ As 
~ is common to Me and PC, the MC should be inhibited when 
PC is enabled. 

Common or ground terminal for tha supply voltage_ 

In least-significant and intermediate positions a low-level output 
indicates that either the PC or Me is at maximum count. As ceo is 
common for both PC and MC ambiguous carry can be avoided if one 
or both counters islare disabled by the TNCI'C" and/or Iliiaii'IC 
inputs. In the most-sign ificant position, a high-level output, 
depending on the operation selected, indicates that the WRr XWR, 
or ALU will overflow (OV) on the next clock. 

INPUT, OUTPUT, OR 
INPUT IOUTPUT 

----
Inputs/Outputs 

Inputs 

Inputs 

Supply Voltage Pin 

Input 

Input 

Output 

Output 

Output 

Open-Collector-Output 

Input 

Bidirectional I/O 

Bidirectional I/O 

Inputs 

3-state ou tpu ts 

Input 

Output 



PIN NUMBER 

38,39 
40,41 

42 

43 

44 

45 

48 

0"" { SEL.· 
LNPUTS 

'05_ 

INPUTSI 
OUTPUTS 

I.Jo.:.TL------'-7~il_-.....1- (:ii;; 

i""NC""""PC_ TOPC 

L~_ TOMe 

.:oAO""WR _ TO WR 

X OUT 
lOG:> nUT l"liPI 

r---L_ V OUT 
AHrTI-i.:> OUT IMSPI 

t==::::a>i:iT AO MUX _{PGM eTR 
liE LEeT MEM CTR 

Lao 
• OVE.HfIOWIMsrl 

PIN NAME 

AOPO, AOP1 
AOP2, AOP3 

AO 

~ 

W 

CK 

BIIO SEL 

DATA OUT 
PORT 

ADDRESS OUT 
PORT 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 

TABLE 1 (Continuedl 

PIN FUNCTION 

4-bit parallel address-out port. 

Selects one of two AOP sources (PC or MCI. 

When low, enables the PC to increment as directed by Won the 
next t clock transition. When high, inhibits PC to hold mode. As 
C"CO is common to PC and MC, the PC should be inhibited when 
MC is enabled. 

In least-significant position, a low input directs enabled PC or 
enabled MC to increment by one on next t 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. 

When high, enables the transparency of A and B input latches. When 
low, latches A and 8 input data. Clocks synchronous registers and 
counters on the positive transition. 

When low, enables BIIO to output ~·bus data. When high, the BIIO 
output drivers are placed in a high-impedance state permitting BI/O 
to be used as data inputs. 

INPUT, OUTPUT, OR 
INPUT IOUTPUT 

Outputs 

Input 

Input 

Input 

Input 

Input 
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2. DETAILED FUNCTIONAL DESCRIPTIONS 

2.1 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 I through IX, 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 OP8 OP9 

I thru IX All None INPUT INPUT 

X CRC ACCUMULATION LSP INPUT OUTPUT 

XI SIGNED DIVIDE MSP OUTPUT OUTPUT 

XII UNSIGNED DIVIDE MSP INPUT OUTPUT 

XIII UNSIGNED MULTIPLY MSP INPUT OUTPUT 

XIV SIGNED MUL TIPL Y 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 I/O 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. 

2.2 RELATIVE POSITJON CONTROL (POS) 

4 

The single line position control, with the ability of decoding one of three input logic states, provides each '5481 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 

POSINPUT 

LOGIC LEVEL 
RELATIVE POSITION 

.. 3.6 V MOST·SIGNIFICANT POSITION (MSP) 

1.8 V to 3 V LEAST·SIGNIFICANT POSITION (LSP) 
oeO.BV INTERMEDIATE POSITION (lP) 



This relative position identification dictates how each 'S481 in the system handles the multi·purpose I/O 
accommodations and ALU sign and magnitude functions. See Table 4. Shift/Circulate interconnectivity bit transfers 
are explained in detail under shift/circulate transfer multiplexers. 

2.3 CLOCK 

PIN 

X/LG 

Y/LG 

CCOIOV 

TABLE 4 

DUAL·FUNCTIDN LOGIC 1/0 PINS 

MSP IP 

LG (OUT) X 

AG (OUTI Y 

OVERFLOW (OUT) CCO(OUTI 

X AND Y ARE CARRY LOOK·AHEAD FUNCTIONS 

LSP 

X 

Y 

ceo (OUTI 

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. 

~I ___ --------------CLOCKCYCLE--------------~.~I 

I I 
I TRIGGER EDGE I 
I FOR WR, XWR, I -l: ~ FF~.~.ORMc==r-::: 
I I 
""I-----INPUT .1- INPUT --------t .. ~1 

I LATCHES TRANSPARENT I LATCHES LATCHED I 

FIGURE 2 - CLOCK CYCLE 

2.4 LATCHED DATA INPUT PORTS 

The SN54S/74S4B1 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. 



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 I/O 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 
should 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 thold(data) or longer to facilitate the on·chip clock 
buffers to latch the data. 

CLOCK 
INPUT 

AIOR 
BI/O 

INPUT 

\= ----------------::~ 

- tsu(data)~0------l 

-- - - - - - - "\ I r- - - - - - \ , - - - - - - - VIH 
\~/ \ I :t 1.5V .} 1.5V , , 'I' _______ -1: '--- ______ ....1 I L-------VIL 

I_ th(data) -, 

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. 

2.5 A AND B OPERAND SOURCES 

6 

The A and B input multiplexers 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: 

1. 
2. 
3. 
4. 

ALUA'PORT 

A input latch 
B input latch 
Working Register 
Low logic level inputs 
(force zeros) 

1. 
2. 
3. 
4. 
5. 
6. 

ALU B' PORT 

B input latch 
Sum bus 
Working register 
Extended working register 
Program counter 
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. 



A OPERAND SOURCES 

BIN 
LATCH 

B OPERAND SOURCES 

4 

SUM BUS 

FROM 
LOGIC 

AIN 

4 

A'TOALU 

B INPUT/OUTPUT 

4 

WR 

XWR 

4 4 4 

B MUX 

4 

TOA 
MUX 

(FROM ALUI { 

ARRAY ----\..---r--i 

B'TOALU 

FIGURE 4 - ALU OPERAND SOURCES 

A INPUT SELECTIONS 

AIN-A' 

AIN-A' 

LOGIC ONE'S -A' 

LOGIC ZERO'S -A' 

BIN-A' 

BIN-A' 

WR-A' 

WR-A' 

B INPUT/OUTPUT SELECTIONS 

BIN-B' 

BIN-B' 

LOGIC ONE'S -B' 

LOGIC ZERO'S - B' 

(B INI • (WRI-B' 

(B IN) • (WR) - B' 

WR-B' 

WR-B' 
(B IN) • (XWR) _ B' 

(B INI • (XWRI- B' 

XWR-B' 

XWR-B' 

(B IN)' (PC)- B' 

(B IN) • (PC) -B' 

PC-B' 
PC-B' 
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2.6 ARITHMETIC/LOGIC UNIT (ALU) 

B 

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 rasident operation form, 
one of four basic functions which, whan 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. Tha 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 6 

'148' ALU AND LOGIC FUNCTIONS 

DATA INPUT TWO'S COMPLEMENT INTEGER ARITHMETIC OP'S 
LOGICAL OP'5 (FORM Villi 

CT1\I- H OR L 

APORT BPORT CIN-L 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 A PLUS 1 A A ~ ~ 

A ONES A A MINUS 1 ONES ZEROS A 

~ ZEROS MINUS A MINUS A MINUS 1 ~ A A 

~ ONES MINUS A MINUS 1 MINUS A MINUS 2 ONES ZEROS ~ 

ZEROS B B PLUS 1 B B B' B' 
ONES B a B MINUS 1 ONES ZEROS a 
ZEROS B' MINUS a MINUS B MINUS 1 B' a a 
ONES Ii' MINUS a MINUS 1 MINUS B MINUS 2 ONES ZEROS ii' 
A B A PLUS a PLUS 1 A PLUS B A+B ~,B' ATB 
A J AMINUS a A MINUS a MINUS 1 A+! ~'a A.a 

~ a B MINUS A B MINUS A MINUS 1 ~+a A,a A.a 

~ B' MINUS A MINUS B MINUS 1 MINUS A MINUS a MINUS 2 ~+B A,a AT!! 

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

TABLEa 

EXTENDED ALU FUNCTIONS DF '8481 

FOAM NO. FUNCTION 

I A (ALUI B' WR 

A (ALUI B ' XWR 

A (A LUI B' PC 

II A (A LUI B DOUBLE-PRECISION SHIFTED LOGICAL LEFT OR RIGHT 

III A (A LUI 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 
exciusive·NOR functions. Full symmetry of the ALU and the ability to select the complement of input data extends 
the logic functions for performance of: 

a. NAND 
b. AND 
c. Exclusive·OR 
d. Mixed combinations of each 
e. Transfer functions for true or inverted data 
f. All ones or all zeros. 

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 (EO, 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 

1:0 
1:1 
%:2 
1:3 

MPARE 

HER 

H FOR CO 

L FOR OT 
OPERATI ONS 

-
.... 

L.....-...J 

~ -

TO LG_ 
LOGIC L _________________________________ ~ 

H=HIGH LEVEL, L=LOW LEVEL 

FIGURE Ii - EQUAL OUTPUT 

2.7.2 Logically·Grelter Thin (LG, See Figure 6) 

C 

EOUAL 
OUTPUT 
(OPEN 

OLLECTOR) 

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. 
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r- - - - - - -- - - - - - - - - - -- - - - - - - - - - -- - - - .., 
'5481 

EQUAL--------------r---~ 

~---+-+--~--~ 
HFOR----~--~----~ 

COMPARE 
L FOR OTHER 
OPERATIONS 

XO-f--...... 
Xl 
X2 
X3 

L FOR ARITH OPERATIONS 
H FOR LOGICAIL;..~O;:PEt.R;:;A;:;T:;;IO~NiiCS;----oL-~ L ____________________________ ...J 

H-HIGH LEVEL, L-LOW LEVEL 
X IS CARRY LOOK·AHEAD FUNCTIONS 

FIGURE 6 - MSP LOGICALLY·GREATER·THAN ILG) OUTPUT 

TABLE 7 

MSP LOGICALLY·GREATER·THAN ILG) OUTPUT 

OPFORM TYPE OF OP LG = H INDICATES 

I or II IARITH) ~·BUS ¢ ZERO lEO = L) 
ALL 

III IARITH WITH SHIFT) LSL, RSL ~·BUS ¢ ZERO lEO = L) 

LSAor RSA ADDER C-OUT --
IV, V, or VI ISHIFTS) ALL AI ¢ ZERO lEO = Ll 

VIlICOMPARE) A:B A IS LG THAN B 

B:A B IS LGTHAN A 

VIII ILOGICAL) ALL ~-BUS ¢ ZERO lEO = L) 

IX INOOP) ZERO ~-BUS LG = L IEO= H) 

XTHRU XIV HARDWIRED ALGORITHMS SEE OPERATION FORM DESCRIPTION 

2.7.3 Arithmetically-Greater Than lAG, Sea Figure 7) 
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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. 



'5481 
- - - - -- --1 

H FOR COMPARE 

l FOA OTHER OPERATIONS 

~o 

XO 

YO----------~------_+---~ 
y, 

Y2---..... 

y3------' 

MSP _______________ ~---;~»--, 

L FOR ARITH OPERATIONS 

H FOR LOGICAL OPERATIONS 

AGIMSPJ 
OUTPUT 

L __________ ...1 
H=HIGH LEVEL. L=LOW LEVEL 
X AND V ARE CARRY LOOK·AHEAD FUNCTIONS 

FIGURE 7 - MSP ARITHMETICALLY-GREATER-THAN IAGI OUTPUT 

TABLES 

ALU CARRY AND MSP ARITHMETICALLY-GREATER-THAN lAG I OUTPUTS 

LSPAND IP MSP 
OPERATION FORM 

X Y EQ C-OUT LG AG EQ 

LOGICAL OPERATIONS L H E-BUS ~ 0 C-IN E-BUS ¢ O· %:-BUS > 0 %:-BUS ~ 0 

ARITHMETIC OPERATIONS: 

MINUEND + C-IN 

SUBTRACTION WITH LSA OR RSA C-OUT 
ADDER 

E-BUS ~ 1'5 X y E·BUS ~ 1'5 ISAGTHAN 
C-OUT 

SUBTRAHEND 

ALL OTHER ARITHMETIC X Y E-BUS ~ 0 C-OUT E-BUS * 0 E-BUS > 0 %:-BUS ~ 0 

X and Yare carry look-ahead functions. 

2.8 OPERAND OVERFLOW 

C-OUT 

C-IN 

C-OUT 

C-OUT 

In the most-significant package (MSP) the counter-carry output (ceo) function from the program/memory counter is 
inhibited and the overflow (OV) output is enabled. The MSP OV output is active during arithmlltic 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 overflow. 
b. During left-shift arithmetic operations, cause the shifted register to overflow. 

Table 9 enumerates the specific indicators generated. 
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OPFORM 

I or II (ARITHI 

III (ARITH WITH SHIFTI 

IV, V, or VI (SHIFTSI 

VII (COMPAREI 

VIII (LOGICAU 

IX (NO OPI 

X THRU XIV 

TABLE 9 

MSPOVERFLOW(OVIOUTPUT 

TYPE OFOP 

ADD orSUB 

LSL, RSL 

RSA 

LSA 

LSA 

ALL OTHERS 

A:B 

B:A 

ALL 

ZERO 2;-BUS 

HARDWIRED ALGORITHMS 

OV = H INDICATES 

ALU OVERFLOW 

ALU OVERFLOW 

OV' L 

NEXT CLOCK WILL CAUSE 

SHIFT OVERFLOW 

NEXT CLOCK WILL CAUSE 

SHIFT OVERFLOW 

OV.", L 

UNDEFINED 

UNDEFINED 

OV '" L 

OV" L 

SEE OPERATION FORM 

DESCRIPTIONS 

H = high level, L "'" low level 

2.9 SUM' BUS MULTIPLEXER 
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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 1:' bus. 

C·OUT ------, 

FROM 
XWRLFT'MUX 

FROM 
WRLFT'MUX 

l:'MUX { 

'---r-J 
FROM 
LOGIC 
ARRAY 

l:2 

FROM ALU 

'--00--' 
FROM 
LOGIC 
ARRAY 

l:1 

'--00--' 
FROM 
LOGIC 
ARRAY 

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

FIGURE 8 - SUM BUS MUL TIPLEXER 

l:O 

t'o 

'--00--' 
FROM 
LOGIC 
ARRAY 

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 l;' bus can be accessed during some operations through the 3-state l;' bus control buffer at the B 
input/output pon. 

The parallel data input ports and the I/O capability of the B port, combined with the l:-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 I/O control input. See Table 10 and Figure 9. 

BI/O 
SELECT 

\ 

TABLE 10 

B-1 NPUT/OUTPUT CONTROL 

I/O CONTROL 1/0 BUFFER OUTPUT 

L SUM' BUS DATA 

H HIGH-IMPEDANCE 

BI/03 BI/02 BI/01 

T 
TO BI/O PORT 

FIGURE 9 - B-INPUT/OUTPUT CONTROL 

BI/OO 

J 
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2.11 WORKING REGISTER 

The working register (WR) is a 4·bit Ootype 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 MUXl. 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. 

FROM 
WHLFT'MUX 

WR { MUX 

TO WRlFT 
MUX 

.............., 
FROM 
LOGIC 

ARRAY 

AI3 

............, 
FROM 
LOGIC 

ARRAY 

AI2 

~ 
FROM 
lOGIC 

ARRAY 

All 

TO: 00 MUX. A MUX. B MUX 

~ 
FROM 
LOGIC 

ARRAY 

AID 

TO '------+-.-... WRRT 
MUX 

FIGURE 10 - WORKING REGISTER (WRI AND WR MULTIPLEXER 

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

2.12 WORKING REGISTER MULTIPLEXER (WR MUX) 
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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. ~' 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 (WRO) 
to the WRLFTIWRLFT' multiplexers or to the WRRT/WRRT' multiplexers respectively. 

2.13 EXTENDED WORKING REGISTER 

The extended working register (XWR) is a 4-bit Ootype 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 XWR RT' MUX to facilitate expansion. 

FROM 
XWRLFT MUX 

XWR{ MUX 

"'-r-' 
FROM 
LOGIC 
ARRAY 

.........
FROM 
lOGIC 

ARRAY 

"'-r-' 
FORM 
lOGIC 
ARRAY 

--.,....., 
FROM 
LOGIC 

ARRAY 

FROM 
XWRRT' 

MUX 

TO 
TO ~~:LFT -----........ ~-.../ "-----+--/ '-----~~-../ "-----+----X=~~T 

TO, 00 MUX. B MUX 

FIGURE 11 - EXTENDED WORKING REGISTER (XWRI 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. ~' bus for AlU operand results 
b. Hold mode for no change 
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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. 

2.14.1 l;·Bul, WR, XWR MSB Shift Transfer Multiplexers 

The MSB shift transfers are accomplished by the WRLFT, XWRLFT input/output multiplexers and the WRLFT', 
XWR LFT' sum·bus/register MSB input multiplexers. All four multiplexers, and the impedance of the 3·state I/O lines 
of the WRLFT and XWRLFT multiplexer outputs are under control of the resident operation code and the relative 
position control (POS). 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 Multiplexe,. 

The WRLFT, XWRLFT input/output multiplexers facilitate routing of the working register, extended working 
register, or sum bus MSB out the WRLFT, XWRLFT I/O's during output modes. In an input mode, the three·state 
output is at a high impedance permitting the WR LFT and/or the XWR LFT 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: 

a. WRLFT (input) 
b. ALU carry out (for sign.fill) 
c. Low level (for zero·fill) 
d. XWRLFT input 
e. XWR MSB 
f. WR MSB (sign.fill in for RSA) 
g. Sign fill in for RSA (see Figure 12) 

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 Multiplexers 
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The LSB shift transfers are accomplished by the WRRT, XWRRT input/output multiplexers and the WRRT', 
XWR RT' sum·bus/register LSB input multiplexers. All four multiplexers, and the impedance of the 3'state I/O lines of 
the WR RT and XWR RT multiplexer outputs, are under control of the resident operation code and the relative 
position control (POS)' Data paths of the multiplexers are illustrated in Figure'13. 



2.14.5 WRRT Multiplexer, XWRRT Buffer 

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

2.14.6 WRRT', XWRRT' Multiplexer. 

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. 

WRLFT 

(110) 

XWRLFT 

(110) 

r---------------------l 
'5481 

I FROM LOGIC ARRAY 

I 
I 

I 
I 
I L __ _ 

COUT--..... 

i-
u.. 
...J 
a: 
~ 

I3 }FROM 
... -.--+------ WR3 

WRLFT' 
J--J--+-I------4~ (TO WR3 

AND I3) 

----'-I3 

OV 

'-----'-COUT 

XWRLFT' 
J-~I-+--+----(TO XWR3) 

... ___ ....... ~ ____ FROM 
XWR3 

FROM LOGIC 
ARRAY 

FIGURE 12 - SUM-aUS, WR, XWR MSa SHIFT TRANSFER MULTIPLEXERS 
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TABLE 11 

WORKING REGISTER BIT TRANSFERS TO WRLFT/WRRT 

SHIFT MOST -SIGNIFICANT POSITION INTERMEOIATE POSITION LEAST-SIGNIFICANT POSITION 

MODE WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT 

LSL ISP) Z X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LSL lOP) XWR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LSA ISP) WR3 X WRRT Z WR3 X WRRT Z WFl3 X L Z 

LSA lOP) XWR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

LCIR ISP) WR3 X WRRT Z WR3 X WFIRT Z WR3 X WRRT Z 
LCIR lOP) XWR3 X WRRT Z WR3 X WRRT Z WR3 X WRRT Z 

RSL ISP) Z WRLFT X WRO Z WRLFT X WRO Z WRLFT X Z 

RSL 10PI Z L X WRO Z WRLFT X WRO Z WRLFT X WRO 

RSA ISPI Z WR3 X WRO Z WRLFT X WRO Z WRLFT X WRO 

RSA 10PI Z WR3 X WRO Z WRLFT X WRO Z WRLFT X WRO 

RCIR ISPI Z WRLFT X WRO Z WRLFT X WRO Z WRLFT X WRO 

RCIR 10PI Z WRLFT X WRO Z WRLFT X WRO Z WRLFT X WRO 

TABLE 12 

SUM-BUS BIT TRANSFERS TO WRLFTIWRRT 

SHIFT MOST-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST-SIGNIFICANT POSITION 

MODE WRLFT WRLFT' WRRT- WRRT WRLFT WRLFT' WRRT' WRRT WRLFT WRLFT' WRRT' WRRT 

LSL ISPI Z X WRRT Z ~3 X WRRT Z ~3 X WRRT Z 

LSL 10PI XWR3 X WRRT Z ~3 X WRRT Z ~3 X WRRT Z 

LSA ISPI ~3 X WRRT Z ~3 X WRRT Z >:3 X L Z 

LSA 10PI XWR3 X WRRT Z ~3 X WRRT Z l:3 X WRRT Z 

LCIR ISPI ~3 X WRRT Z );3 X WRRT Z ~3 X WRRT Z 

LCIR lOP) XWR3 X WRRT Z 1:3 X WRRT Z >:3 X WRRT Z 

RSL ISPI Z WRLFT X ~O Z WRLFT X ~O Z WRLFT X to 
RSL 10PI Z C-OUT X >:0 Z WRLFT X >:0 Z WRLFT X ~O 

RSA ISPI Z . X ~o Z WRLFT X >:0 Z WRLFT X ~O 

RSA 10PI Z . X ~O Z WRLFT X >:0 Z WRLFT X l:O 

RCIR ISPI Z WRLFT X );0 Z WRLFT X ~O Z WRLFT X 1:0 

RCIR 10PI Z XWRLFT X ~o Z WRLFT X ~o Z WRLFT X 1:0 

·VARIABLE ~ 1%:3 'ALU OVERFLOWI + Ie-OUT - ALU OVERFLOWI 

TABLE 13 

EXTENDED WORKING REGISTER BIT TRANSF~RS TO XWRLFT/XWRRT 

SHIFT Mosr-SIGNIFICANT POSITION INTERMEDIATE POSITION LEAST·SIGNIFICANT POSITION 
MODE XWRLFT XWRLFT' XWRRT' XWRRT XWALFT XWRLFT' XWRRT' XWRRT XWRLFT XWRLFT' XWRRT' XWRRT 

lSL ISP} 2 x XWART Z XWR3 X XWRAT 2 XWA3 X XWRRT Z 
LSL (OPI Z x XWRRT Z XWR3 x XWRRT Z XWR3 X XWRRT Z 
LSA ISP) XWR3 x XWRRT Z XWR3 x )(WRRT Z XWR3 X l Z 
LSA (OPI WR3 x XWRRT Z XWR3 x XWRRT Z XWR3 X l Z 
LelR (5PI xWR3 x XWRRT Z XWR3 X XWRRT Z XWR3 X XWRRT Z 
LelR (OPI WR3 x XWRRT Z XWR3 X XWRRT Z XWR3 x XWRRT Z 
ASL ISPI z XWRtFT x XWRO Z XWRlFT X XWRQ Z XWRLFT X Z 
ASL (OP) Z WRlFT x XWRO Z XWRLFT X XWRO Z XWRLFT X XWRO 
RSA ISP) Z XWR3 x XWRO Z XWHLFT X XWRO 2 XWRlFT X XWRO 
RSA lOP) Z WRLFT x XWRO Z XWRLFT X XWRO Z XWRLFT X XWRO 
RCIR ISPI Z XWALFT X XWAQ Z XWALFT X XWRO Z XWALFT X XWAQ 
RCIR 10PI Z WRLFT X XWRO Z XWRLFT X XWAO Z XWRLFT X XWRO 
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TABLE 14 

SUM·BUS BIT TRANSFERS TO XWRLFT (MSP} 

SHIFT MOST·SIGNIFICANT POSITION 

MODE XWRLFT XWRLFT' XWRRT' XWRRT 

LSL (SP} Z X XWAAT Z 

LSL (OP} Z X XWAAT Z 

LSA (SP} XWA3 X XWAAT Z 

LSA (OP} ~3 X XWAAT Z 

LCIA (SP} XWA3 X XWAAT Z 

LCIA (OP} ~3 X XWAAT Z 

ASL (SP} Z XWALFT X XWAO 

RSL (OP} Z WRLFT X XWAO 

RSA (SP} Z XWA3 X XWAO 

ASA (OP} Z WRLFT X XWAO 

RCIA (SP} Z XWRLFT X XWRO 

RCIA (OP} Z WALFT X XWRO 

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

r---------------------, 
'5481 

FROM LOGIC 
ARRAY 

~O-------t 

~~~------~--~.~RRT 
(1/0) 

WRO----------~~ 

WRRT' 
(TO WRO _------1 
AND ~O) 

XWRRT' 
(TO XWRO) 

FROM LOGIC 
ARRAY 

XWRO----------~~ 
XWRRT 

~--~------~--~~ 
(1/0) 

FROM LOGIC 
L _____________ ~~Y _____ _ 

FIGURE 13 - SUM·BUS, WR, XWR LSB SHIFT TRANSFER MULTIPLEXERS 
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2.15 SHIFT FUNCTIONS 

The '5481 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 
SIMPLE SHIFT 

WITH SHIFT FUNCTION 

SINGLE DOUBLE SINGLE DOUBLE 

LENGTH LENGTH LENGTH LENGTH 

LEFT CIRCULATE ILCIR) IV, V VI 

LEFT SHIFT ARITHMETIC ILSA) IV, V VI III 

LEFT SHIFT LOGICAL ILSL) IV, V VI III II 

RIGHT CIRCULATE IRCIR) IV, V VI 

RIGHT SHIFT ARITHMETIC IRSA) IV, V VI III 

RIGHT SHIFT LOGICAL IRSL) IV, V VI III II 

2.15.1 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 ~' bus, working register, or extended working register and operation form VI 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 M5B ...,. L5B for single precision circulates and for transfers to or from the ~' 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 WR RT /WR LFT and XWR RT /XWR LFT terminals. 

2.15.2 ARITHMETIC SHIFT FUNCTIONS (MICROPROGRAMMABLE) 

20 

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

Form III - 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 ~' 
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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SINGLE PRECISION r---------, r--------, 

I WR OR XWR I I WR OR XWR I 
I 8 I I 7 4 I 
I I I I 
I '5481 MSP I I '5481 IP I L _________ J L _________ J 

DOUBLE PRECISION 

r----------, r---------, 
I SUM BUS OR WR I I 

SUM BUS OR WR I 
I 

11 1101 9 1 8 
I I 

71 6 1 5 1 4 
I 

I I 
XWR I XWR I 

11 I 10 I 9 I 8 
I 7 I 6 I 5 I 4 

I 
I I I I 
I I 
L __ "':54!~M~ __ ...J I I 

L __ ....:~~P ___ J 

FIGURE 14 - CIRCULATE FUNCTIONS 

r---------., 
I WR OR XWR I 
I I 
I 31 2 1110 I 

I '5481 LSP I L _________ ..J 

r--------., 
I SUM BUS OR WR I 

3121110 I 

XWR I 
I 

I 3121110 I 

I '54B1 LSP I L _________ ...J 

r---------, 
I WR OR XWR I 
I I 

3 
I I 
I '5481 LSP I L _________ J 

r----------, 
I SUM BUS OR WR I 
I 

3 1 2 1 1 I 0 
I 
I 

XWR I 

3 I 2 1 1 1 0 
I 

I I 
I I L __ "':~1"':~ __ -l 
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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 ~' 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 WR RT IWR LFT and XWR RT /XWRLFT terminals_ 

2.15.3 LOGICAL SHIFT FUNCTIONS (MICROPROGRAMMABLEI 

Operation Forms II, III, IV, V and VI provide the system designer with the capability of programming the following 
logical shifts: 

Form II - 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 III - 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~' 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 ~' bus or working register and the extended working register during 
double-precision logical sh ifts_ Data flow between packages in an expanded word length system is via the 
interconnected WRRTIWRLFT and XWRRT/XWRLFT terminals. 

2.16 DATA·OUT PORT MULTIPLEXER (DO MUXI 

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. 

2.17 MEMORY AND PROGRAM COUNTERS 
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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: 

OP FORM 

III 
VIII 

SELECTABLE AS 
DESTINATION 

PC MC 

Yes 
No 
Yes 

Yes 
Yes 
No 



SERIAL 
OUT_ 
MSB 

FIRST 

SERIAL 
OUT_ 
MSB 

FIRST 

SN74S481 4·BIT·SLlCE SCHOTTKY PROCESSOR ELEMENT 

r----------, 
I I 
I I 
I I 
I 'S481 MSP I L _________ .J 

r----------, 
I I 
I 8 I 

I 
I 'S481 MSP I L _________ ...J 

I 7 4 I 

I 'S481 IP I L _________ J 

DOUBLE PRECISION 

r---------, 
I I 
I 7 4 I 

I 
I 

7 4 I 

RIGHT SHIFT ARITHMETIC 
SINGLE PRECISION 

r---------, 
I I 
I I o 

o 

I 
3 

I 'S481 LSP I L _________ ...J 

r---------, r---------, 
I I I WR OR XWR I 
17 4 II 320 I 
I I I I 
I 'S481 IP I I 'S481 LSP I L _________ J L _________ J 

SERIAL L. ____________________________________________________________ -J 
OUT _ 
LSB 

FIRST DOUBLE PRECISION 

r----------, r----------, r----------, 
: OSUM BUS OR WR I 
I 11+10 I 9 I B : 

I XWR I ri I...{ 11 110 I 9 I 8 : 

I 'S481 MSP I L ________ ..J 

I SUM BUS OR WR I I SUM BUS OR WR I 
I 

7 I 6 I 5 I 4 
I I 

3 I 2 I 1 I 0 
I 

I I I I 
I XWR I I XWR I 
I 

7 I 6 I 5 I 4 
I I 

3 I 2 I 1 I 0 
I 

I I I I 
I I I I L __ ~~~p ___ J L __ ...:~I~~ __ -' 

SERIAL 
OUT~~----------------------------------------------------------~ 

LSB 
FIRST 

FIGURE 15 - ARITHMETIC SHI FT FUNCTIONS 
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SN74S481 4-BIT-SLICE SCHOTTKY PROCESSOR ELEMENT 

LEFT SHIFT LOGICAL 
SINGLE PRECISION r----------, r---------l r---------, 

I I I I I WR OR XWR I 
I I 4 I I 3 2 1 0 I 

I I I 7 I I I 
I 'S481 MSP I I '5481 IP I I '5481 LSP I L _________ ~ L _________ J L _________ ~ 

SERIAL _1.------------------------------' 
IN 

SERIAL 
IN 

SERIAL 
IN 
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r---------, 
: SUM BUS OR WR : 

I 111110 I 9 I 8 

I XWR ri" 11110 I 91 B I 

I 'S481 MSP I L _________ .J 

DOUBLE PRECISION 

r--------I 
: SUM BUS OR WR I 

7161514 I 
XWR I 

I 
I 7 I 6 I 5 I 4 I 

I '5481 IP I L _________ J 

r--------., 
I SUM BUS OR WR I 

3121110 I 

XWR I 
I 

I 312111 0 I 

I '5481 LSP I L _________ .J 

-~---------------------------~ 

RIGHT SHIFT LOGICAL 
SINGLE PRECISION 

r----------, r---------, r---------, 

- I WR OR XWR I 
I 8 I 
I I 

I WR OR XWR I 
I 7 4 I 
I I 

I WR OR XWR I 
I I 
I 3 0 

I '5481 MSP I L _________ .J I '5481 IP I L _________ .J I '5481 LSP I L _________ J 

DOUBLE PRECISION 

Ie QUi' - - - - - - -I r---------.., r---------I 
:OR °SUM BUS OR WR I I SUM BUS OR WR I I SUM BUS OR WR I 

I I 
7 I 6 I 5 I 4 

I I 
3 I 2 I I I 0 

I 
I 11110 I 9 I B I I I I 
I XWR I XWR I I XWR I 
I 

II 110 I 9 I 8 
I 

7161514 
I I 

3 I 2 I I I 0 
I 

11 : I I I I 
I I I I L __ ~54~~M~ __ ..J L __ "':~~P ___ J L __ ":~1":~ __ ...J 

FIGURE 1. - LOGICAL SHIFT FUNCTIONS 



WR3 WR2 WR1 WRO 

XWR3 XWR2 XWR1 XWRO 

DO 

01 

DOP3 DOP2 DOP1 DOPO 

FIGURE 17 - DATA·OUT PORT MULTIPLEXER (DO MUXI 

Under control of the position (POS) 
input and the resident operation 
code, the ~/OV output facilitates 
cascading the program and memory 
counters. I n the least·significant and 
intermediate positions, the ~ pins 
of lesser significant packages are 
connected to the W pins of more 
significant packages to complete the 
counter interconnections to the 
bit·size of the processor element. 

The functionally identical program 
and memory counters, sharing a 

CONTROL 

INPUTS 

01 DO 

L L 

L H 

H L 

H H 

TABLE 1. 

DATA~UTPORTCONTROL 

SOURCE OR FUNCTION 

E'·BUS 

EXTENDED WORKING REGISTER 

WORKING REGISTER 

HIGH·IMPEDANCE 

common counter carry input (cel) control pin and a common counter carry output (~) pin, feature individual 
control lines (~, ~) 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 ~/OV output, as a result of the position (POS) control, becomes the ALU/Shift overflow (OV) 
status output. 
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iNC"PC 

r----------, r-----------, r----------, 
'S481 
MSP 

MC 

PC 

CCI 

CCI 

L _____ _____ J 

INPUTS 

COO 

CCO 

'5481 
IP 

MC 

PC 

CCI 

CCI 

CCO 

CCO 

'5481 
LSP 

I 

MC 

CCI 

CCI 

L _____ _ ____ .J L----1-----

COUNTER VALUE 
CK 

L = +1 

H = +2 

INC PC INC MC CCI LSP MC LSP PC MSP, IP MC MSP, IP PC 

H H X • NO CHG NO CHG NO CHG NO CHG 
L H L • NO CHG +1 NO CHG +1 
L H H • NO CHG +2 NO CHG NO CHG 

H L L • +1 NO CHG +1 NO CHG 

H L H • +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 , + =LOW·TO·HIGH TRANSITION 

FIGURE 18 - PROGRAM AND MEMORY COUNTER FUNCTIONS 

2,18 ADDRESS-OUT PORT MULTIPLEXER (AO MUX) 
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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. 

CONTROL 

INPUT AD 

L 

H 

TABLE 17 

ADDRESS-oUT PORT CONTROL 

COUNTER SELECTED 

MEMORY 

PROGRAM 



PC3 MC3 PC2 MC2 PCI MCI pca Mca 

AO 

A03 A02 AOI Aoa 

FIGURE 19 - ADDRESS-OUT PORT MUL TIPLEXER lAO MUXI 

2.19 EXPANDING THE WORD LENGTH 

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 I/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. 

3. OPERATIONAL DESCRIPTIONS 

3.1 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 I, II, and III are primarily ALU functions. Forms II and III combine logical or arithmetic shifting 
functions with the ALU result. Form II can be used for double·precision shifting. Sources, specific ALU function, 
shift format, and destinations are detailed for each op·select word format. 

Forms IV, 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 VIII provides the capability to logically combine the values of the A and B sources. 

Form IX zeros the 2:' bus with the effect of providing no operation. 
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N 
co 

17 

'LD WR 
DO SEL(2) 
AO SEL 
INCMC 
INCPC 
BI/O SEL 

10 V·V.; 
CK 

WRLFT 

XWRLFT 

OVERFLOW 4---l OV .g. .... 

COUT 
... C; 

~ C; 

VCC -...J POS 

W~ 
B A 

I/O IN 
WRRT 

XWRRT 

CCIN 

OPERATION-SELECT BUS 

CK " A ~ 0'.'''" 
B A 

CK 
I/O IN I/O IN 

WRLFT WRRT WRLFT WRRT WRLFT WRRT 

XWRLFT .... XWRRT XWRLFT XWRRT XWRLFT XWRRT 

CCO ... <1' CCIN cco ... <1' .... CCIN cco .g. .... CCIN I-- COUNTER 

~ VCC ~ ... c; ENABLE 
~ .,~ c; c; 

t:, POS IZ 
AOP 

~J j i~L !!! ! ~~ J ~~!:::~cy ~ ~~ :oro"",,; ~ ! !! 1 th ~ ! ! WJ 
GREATER THAN : r ADDRESS-OUT BUS ( CARRY 

( INPUT 

EQUAL~~~----------~ 3' 3 3 
x Y 

16 16 

DATA-OUT ADDRESS-OUT 

FIGURE 20 - TYPICAL 16-BIT PROCESSOR 



Forms X through XIV are macroprogrammable operations which provide: 

a. CRC partial sum update (normally ~ clocks) 

b. Signed Divide (N + 3 clocks) 
c. Unsigned Divide (N + 1 clocks) 
d. N·bit·by·N·bit double·precision unsigned multiply (N clocks) 
e. N·bit·by·N·bit double'precision signed multiply (N clocks) 

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

II 

III 

IV 

V 

VI 

VII 

VIII 

TABLE 18 

OPERATION FORM SUMMARY 

MICRO/MACRO - OPERATION FORMS 

I E' BUS ONLY I A PLUS B PLUS ALUCIN-
WR, XWR, PC, OR MC 

B PLUS A PLUS ALUCIN OOUBLE·PRECISION SHIFTED -- WR and XWR 

A PLUS B PLUS ALUCIN SHIFTED -- WR OR XWR 

A SHIFTED __ E' BUS 

WR AND XWR DOUBLE·PRECISION SHIFTED -- WR AND XWR 

A : B OR B : A (COMPARE) 

{
NOR 1 

A OR B - WR, XWR, PC OR BIN/OUT 

EX·OR 

IX ZERO--+ I;' BUS (NO OP) 

X CRC CALCULATION (N CLK TIMES, CRC PARTIAL SUM IN WR) 

XI N·BIT QUOTIENT (WITH R) SIGNED DIVIDE (N+3 CLK TIMES) 

XII N·BIT QUOTIENT (WITH R) UNSIGNED DIVIDE (N+1 CLK TIMES) 

XIII N·BIT BY N·BIT DOUBLE·PRECISION UNSIGNED MULTIPLY (N ClK TIMES) 

XIV N·BIT BY N·BIT DOUBLE·PRECISION SIGNED MULTIPLY (N ClK TIMES) 

TOTAL OPERATIONS 

NO.OFOPS 

4,096 

8,192 

384 

1,536 

192 

192 
192 

256 

512 

3,072 

3,072 
3,072 

5 

3 

24,780 
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3.2 OPERATION FORM I - ADD/SUBTRACT'" REGISTER 

30 

Operation Form I 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: 

0 '" " Go 0- Go 
0 0 0 

FORMIA 

FORM IB 

FORM IA: A PLUS 

FORM la: A PLUS 

A SOURCE SEL /-

A2 A1 AO SEL a3 B2 

L L L AI-A L L 

L L H AI-A L L 

L H L H -A L L 

L H H L -A L L 

H L L al-A L H 

H L H al-A L H 

H H L WR_A L H 

H H H WR-A L H 

H L 

H L 

'" on . ", .... en 
I~ ;;: N 

Go 0- Go 0- Go Go 
0 0 0 0 0 0 0 

a3 a2 a1 BO 

B3 B2 B1 BO 

a PLUS ALUCIN ~. BUS ONLY 

~\ PLUS ALU~~ 

B·SOURCE SEL AC!IVE CARRY REG DESTINATION SEL 

B1 BO SEL 

L L BI-B 

L H ill-B 

H L H-B' 

H H L - B' 

L L BI ·WR - B 

L H so:wR - B 

H L WR-a' 

H H WR-S" 
L L BI' XWA-B 

L H er-'-XWR-B 

CIN = H: S1 SO SEL 

NO CARRY L L ~'- WR 

L H ~'- XWR 

H ~'- PC 

Ciiii = L: H H ~'- Me 

CARRY INPUT 

1. OVFL IMSP) = H 

Indicates that operation in process will cause 

ALU to overflow. 
ASYNCHRONOUS CONTROLS: H L H L XWR- B-

SEL a INPUT/OUTPUT" 

SEL OOP SOURCE 

SEL AOP SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

H=HIGH LEVEL. L-LOW LEVEL 

H L H H XWR'- a' 

H H L L BI' PC - B 

H H L H Bl'1'"C - B 
H H H L PC -B-

H H H H !"e"-a" 

'BI/O CAN BE USED AS OUTPUT 

2. MAGNITUDE: The ~ Bus is compared to ZERO. 

Resultant outputs are: 
AG '" H (l: Bus Arithmetically ;,- ZERO) 

LG = H I~ Bust ZERO) 

EO = H I~ BUS = ZERO) 

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

FIGURE 21 - FORM I-ARITHMETIC OPERATIONS: A PLUS B PLUS ALUCIN "'{R:~~S~~R} 

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: 

A { PLUS } 
MINUS 

B PLUS ALUCIN ... ~' BUS 

This form provides the capability of choosing from anyone of the A and anyone of the B sources 
listed in Figure 21 as the operands to accomplish the add/subtract_ The example illustrated in Figure 
22 utilizes the I/O capability of the B input/output port. Input data at the AI or B I/O is setup and 
then latched into the 'S481 A or B input latch on the negative transition of the 'S481 clock. 

During Form IA 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. 



ENABLE 
MEMORY 

OATA 

SYSTEM 
CLOCK 

N -COMMAND 

81/0 SEl 

81/0 

AI 

RFWRtTE 
CONTROL 

LATCHED 
AI DATA 

(INTERNAL '5481) 

I 
SINGLE - PORT 
REGISTER FILE 
('170, 'LS170, OR 

'LS670) 

f 

~ 

~V 

(INPUT) 

MEM. DATA 

RF READ DATA 

AI AOP 

'5481 
PROCESSOR 

BIIO DOP r---

MEMORY 
~ 

AO 

TYPICAL CYCLE 
tREAD·THEN·WRITE THE SAME REGISTER) 

~V 

~ 

-
,XX :X :A (OUTPUT) :X :XX 

RFWAITE DATA 

RFWRtTEDA~ 
f---.. 

X :X :X:X RF READ DATA "--!...... XX. :X. ,X :XX ,...... 

~ J 

AX: RF READ DATA 

~ • IRRELEVANT 

FIGURE 22 - '5481 OPERATION WITH SINGLE-PORT REGISTER FILE 

The overflow and magnitude status lines are active as enumerated in Figure 21, 

b. Form 18 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: 

A I PLUS I 
MINUS 

8 PLUS ALUCIN -+ REGISTER 

This form provides the capability of choosing from anyone of the A and anyone of the 8 sources 
listed in Figure 21 as the operands to accomplish the add/subtract. 
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3.3 OPERATION FORM II - ADD/SUBTRACT WITH DOUBLE-PRECISION SHIFT 

Operation Form II 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 II operations can be 
represented as: 

(A PLUS 8 PLUS ALUCIN) 
(8 MINUS A MINUS 1) 

SHIFTED ~ WR, XWR 
SHIFTED ~ WR, XWR 

Hardwired algorithms for double-precision multiply and divide routines can be selected in operation forms XI, XII, 
XIII, or XIV. 

During Form II operations the status, overflow, and asynchronous controls are the same as described for Form I. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

:::: ::: I:::: : : L : : : L I : I : I ~ I : I ~ I :: :~~::~s~::::~I::T::·:R WR. XWR 

A·SOURCE SEL~ /oTIVE~ARRY~r--T __ ---'O::;Ic.:R=-EC;;'T:':'IO;;'N"-___ --., 

I--'''-II-..;:S=-EL;;''''-i B SEL CfIiI • H t-=0'-+~~~-:I-S;;;E:=L'---:=-=::-i 

ASYNCHRONOUS 
CONTROLS: 

SEL B INPUT/OUTPUT" 

SEL OOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC ANO/OR MC 

LOAOWR 

"BI/O CAN BE 

USEO AS OUTPUT 

H - HIGH LEVEL. L - LOW LEVEL 

INO CARRY I LSL I>;' BUS. XWRI __ WR. XWR 

RSL I>;' BUS. XWRI_ WR. XWR 

CfIiI- L 

CARRY INPUT 

1. OVFL IMSPI • H 

IndiClt .. that operation in proc ... will C'I.I" ALU to overflow. 

2. MAGNITUDE: The}; BUI it comparad to ZERO 

Resultant output.arl: 

AG· H (1; BUI Arithmeticallv > ZERO) 

LG· H I>; Bu ... ZEROI 

EQ - H I>; Bu. - ZEROI 

3. C-oUT (MSP) c L 
Indicat •• ALU Carrv Out. 

FIGURE 23 - FORM II-ARITHMETIC WITH DOUBLE-PRECISION SHIFT 

1:\ PLUS I : \ PLUS CARRY SHIFTED ~WR, XWR 

(MUL TIPLY AND DIVIDE SHIFT OPERATIONS WITHOUT AUTOMATIC CONTROL) 

3.4 OPERATION FORM III - ADD WITH SINGLE-PRECISION SHIFT 
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Operation Form III is a universal microinstruction providing the designers with the capability of performing an 
add-and-shift {unction 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. 



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

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

During Form III 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 AOP are also selectable. 

H H L H A B1 : BO I C 

B1 BO 

L L 

L H 

H L 

H H 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 
SEL DOB SOURCE 
SEL AOB SOURCE 
INCREMENT PC OR MC 
INHIBIT PC AND/OR MC 
LOADWR 

H. HIGH LEVEL, L • LOW LEVEL 

SEL 
BI- B NO CARRY 

WR- B 
XWR- B Cl1iI - L: 
L_ B CARRY INPUT 

01 DO SEL 

L L LSL - l:' 

L H RSL _ l:' 

H L LSA e - l:' 

H H RSAo- l:' 

1. OVFL (MSP) = H Indicate. that the shift oplretion in 
proce •• will caull the IIlected regi.ter to overflow. 

2. "MAGNITUDE: During LSA or RSA, A plu. C (N1) i. 
comparad to ii (N2); during tha remaining oPlration., the 
l: BUI i. compared to ZERO. R •• ultlnt outpUll Ire: 

AG = H (N1 ARITHMETICALLY> N2) or (1; BUS 
ARITHMETICALLY> ZERO) 
LG = H (N1 > N2) Or (l; BUS 1< ZERO) 
Ea· H (N1 • N2) or (1; BUS· ZERO) 

3. rn:roT (MSP). L Indicate. ALU Carry Out. 

FIGURE 24 - FORM III-ARITHMETIC WITH SINGLE-PRECISION SHIFT 

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

3.6 OPERATION FORM IV - AI SHIFTED -+ I' BUS 

Operation Form IV 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 BIIO 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 lA, 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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~ ~ 
H H 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

N ... 
0 

H 

H • HIGH LEVEL, L • LOW LEVEL 

M .. LIl 

~ 
... co ~ I~ ... ... ... ... ... 

0 0 0 0 0 0 

L H H L L I 02 : 01 DO 

/ 
SHIFT SEL 

02 01 DO SEL 

L L L LSL 

L L H RSL 

L H L LSA 

L H H RSA 

H L L LCIR 

H L H RCIR 

H H L NOT DEFINED 

H H H NOT DEFINE:D 

FIGURE 25 - FORM IV-AI SHIFTED -+ 2;' BUS 

1. C"OOT = "CTiii 

2. OVFL (MSP = H) 

I ndicates that LSA operation 

in process will cause shih over· 

flow. For all other operations, 

OVFL = L. 

3. MAGNITUDE: AI is compared 

to ZERO. Resultant outputs are: 

AG = H (AI> ZERO) 

LG = H (AI *- ZERO) 

EO = H (AI = ZERO) 

3.6 OPERATION FORM V - SINGLE·LENGTH SHIFT 
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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 
IA. 

FORM VA 

FORM VB 

H 

H 

H H 

H H 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

H • HIGH LEVEL, L· LOW LEVEL 

~ o 

L 

L 

: o 

H 

H 

02 01 
L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

if o 

H L 

H H 

SHIFT SEL 

DO SEL 

L LSL 

H RSL 

L LSA 

H RSA 

L LCIR 

H RCIR 

L NOT DEFINED 

H NOT DEFINED 

WR SHIFTED _ WR 

XWR SHIFTED-- XWR 

1. C"OOT="Cllii 

2. OVFL (MSP - H) 

I ndicates that LSA operation in process 

will couse shift overflow. For all other 

operations, OVFL '" L. 

3. MAGNITUDE: AI is compared to ZERO. 

Resultant outputs are: 

AG = H (AI> ZERO) 

LG = H (AI ¢ ZERO) 

EO = H (AI = ZERO) 

FIGURE 26 - FORM V: {=R} SHIFTED-+{=R} 



3.7 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 IA. 

0 ... 
0 

< 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

H ~ HIGH LEVEL. L = LOW LEVEL 

a: 
0 

H 

N M ... ... 
0 0 

: H L 

-- '" ... ... 
0 0 

H H 

02 01 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

f .... 00 '" ... ... ... 
0 0 0 0 

: H 7': 
SHIFT SEL 

DO SEL 

L LSL 

H RSL 

L LSA 

H RSA 

L LCIR 

H RCIR 

L NOT DEFINED 

H NOT DEFINED 

~ 

DO 

1. COOT = Cfiii 

2. OVFL (MSP = H) 

Indicates that LSA operation 

in process will cause shift 

overflow. For all other opera

tion •• OVF L '" L. 

3. MAGNITUDE: AI i. compared 

to ZERO. Resultant outputs are: 

AG = H (AI> ZERO) 

LG = H (AI" ZEROI 

EQ = H (AI = ZERO) 

FIGURE 21 - FORM VI-DOUBLE-PRECISION SHIFTS: \WR, XWR)SHIFTED ->(WR. XWR) 

3.8 OPERATION FORM VII - COMPARE (A:B OR B:A) 

Operation Form V II 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. 

3.9 OPERATION FORM VIII - LOGICAL FUNCTIONS 

The ALU with its carry circuit functionally inactivated in Form VIII 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 I. and 
combinatorial transfer and shift operations are available in Form III. 

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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ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT' 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

0 c;: N M ~ CO ... ... ... ... ... 
0 0 0 0 0 0 

B2 Bl BO SEL 

L L L BI 

L L H H' 

L H L BI'WR 

L H H WR' 

H L L BI· XWR 

H L H XWR' 

H H L BI· PC 

H H H PC' 

'BIIO CAN BE USED AS 
OUTPUT II: BUS = Nl-N2-11 

It) CD .... en 
~ ... ... ... ... 

0 0 0 0 

~ A:B 

B:A 

1. COIJ'F = LG 

2. MAGNITUDE: A or B IN11 is compared to B or A IN21, 

respectively. The resultant outputs are: 

AG = H IN 1 arithmetically> N21 

LG = H IN 1 logically> N21 

EQ = H IN 1 = N21 

3. OVFL IMSPI IS NOT DEFINED. 

H = HIGH LEVEL, L ~ LOW LEVEL 

Al 

L 

L 

H 

H 

FORM VilA 

FORM VIIB 

FORMVIIiC 

H 

H 

H 

L 

L 

H 

FIGURE 2B - FORM VII-COMPARE: I: ~ ! I 
N ... 
o 

H 

H 

L 

L 

H 

L 

Al AO 

Al AO 

Al AO 

:f o 

B2 81 80 SI 

B2 81 80 SI 

B2 Bl 80 SI 

SO 

SO 

SO 

NOR 

OR 

EX'()R 

A 

A~OURCESEL~ 
{ NOR} 

~.~R 18 ________ REG 

REG DESTINATION SEL 

AO SEL 8-S0URCE SEL SI SO SEL 

L AI -A 82 81 80 SEL L L 1:'- WR 

H AT -A L L L 81- 8 L H l;'--. XWR 

L WR-A L L H liT-8 H L 1:'-PC 

H Wl'I - A 
L H L WR- 8' H H 1:' ONLY 
L H H Wl'I- 8' 

H L L XWR- B* 

H L H XWA- 8' 

H H L PC-8' 

H H H I5t:-S· 

'8110 CAN 8E USED AS OUTPUT. 

ASYNCHRONOUS CONTROLS: SEL 8 INPUT/OUTPUT' 

SEL 008 SOURCE 
1. OVFL = LOW 
2. COUT=CIN 

36 

SEL A08 SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

H - HIGH LEVEL, L - LOW LEVEL 

3. MAGNITUDE: The l; BUI is compared 
Resultant outputs are: 

AG = H Il; Bus Arithmetically> ZEROI 
LG = H Il; Bus 0# ZEROI 
EQ = H Il; Bus = ZERO) 

{
NOR} 

FIGURE 29 - FORM VIII-LOGICAL OPERATIONS: A OR B -+ REGISTER 
X-OR 

to ZERO. 



19. t NORlAND Logical Operations 

Operation Form VillA 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 VillA so 

\ 
SEL A SOURCE SEL B SOURCE DESTINATION 

L = AI L = TRUE LL = BI L = TRUE 

H - WR H = COMP LH = WR H = COMP 

HL = XWR 

HH = PC 

H=HIGH LEVEL, L=LOW LEVEL 

LL=WR 

LH = XWR 

HL = PC 

HH = I:'·BUS 

As shown above, the A and B sources are selectable by the A 1, B 1, and B2 bits in their true or complementary form 
(bits AO, 801 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-COW B-COW A.nelS-CO_ 

'WLEMENTATIQN :=[>-E' :~E' :~E' A~ 8 I E' 

A • .. A A • .' 8 I A .. A • A 8 .. 
L' L H L H L L L H L L L L H H L 

FUNCTION T AILES H L L H L L H L H H L H L L H L 

1M • HIGH LEVEL, L H L L H H L H L L H L H H L L 

L-LOWLEVEU H H L H L H L H L H L H H L L H 

OP8== OP9=- L OPS '" H,OPS- L OPS"'l,OP9=H OP8=Opg'"H 

OTHER OR :::O-E' :::C)-E' :~E' :::[)-E' EOUAL SYMBOLS NOR MIXED MIXED AND 
BOOLEAN FUNCTIONS l;'-A'"+"J' E'-AI .t'. J:B J:1-A8 

FIGURE 30 - FORM VillA NORlAND LOGICAL OPERATIONS 
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3.9.2 OR/NAND Logical Operations 

38 

Operation Form VIlIB 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: 

N ... o 
M ... o ~ o 

:r 
o 

z 
o 

FORMVIlIB H 
~----------~~--~~r--r---r~'---~ 

L = AI L = TRUE 

H=WR H = COMP 

LL = BI 

LH =WR 

HL=XWR 

HH = PC 

H=HIGH LEVEL, L=LOW LEVEL 

L = TRUE 

H = COMP 

LL =WR 

LH = XWR 

HL" PC 

HH = ~'·BUS 

As shown above, the A and B sources are selectable by the A 1, B 1, 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 
Figure 31, the OR function is performed when the sources are both true, mixed OR/NAND functions are performed 
with one source complemented, and the NAND function is performed when both sources are selected in their 
complement form. Both implementation and other/equal logic symbols are shown in Figure 31. Also provided are the 
function tables and Boolean equations. 

SELECTIONS AVAILABLE 

TRUE A-CO'" B-COMP A and B· COMP 

IMPLEMENTATION :=D-~' :~~. :=t;D-~' :~~' 

.. B ~' .. A B - B B .. - .. B A B -
L L L L H L H L H L H L L H H H 

FUNCTION TABLES 
H L H H L L L L H H H H L L H H 

IH • HIGH LEVEL, L H H L H H H H L L L L H H L H 

L' LOW LEVELl H H H H L H H H L H H H H L L L 

OP8=OP9=L OPS '" H,OP9 '" l OPB L. OP9 = H OP8 '" OP9 ,- H 

OTHER OR :=D- E ' :=C>-.' :=L)-" :=O-E' eOUAL SYMBOLS 

OR MIXED MIXED NAND 

BOOLEAN FUNCTIONS ):'. A+B J:/·A +8 1:'=A+1 E'·A!" 

FIGURE 31 - FORM VIIIB OR/NAND LOGICAL OPERATIONS 



3.9.3 Exclusive·OR/Exclusive·NOR Logical Operations 

Operation Form Ville can be used to perform the exclusive·OR/exclusive·NOR logical combination of two selectable 
operands and route the results to one of four destinations. The operation microcode is: 

FORM VIIIC H 

N 
CL. o ~ o 

SEL A SOURCE ~ 8 SOURCE DESTINATION 

L= AI 

H=WR 

L = TRUE 

H = COMP 

LL = 81 

LH =WR 

HL = XWR 

HH = PC 

H = HIGH LEVEL. L = LOW LEVEL 

L = TRUE 

H = COMP 

LL =WR 

LH a XWR 

HL c PC 

HH = ~'·8US 

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, BOI to facilitate both exciusive·OR and exciusive·NOR operations. As implemented, see Figure 32, the 
exclusive·NOR function is performed when the sources are both true or both complemented. When either the A or the 
B source (not both) are complemented, the exclusive·OR function is performed. Both implementation and 
other/equal logic symbols are shown in Figure 32. Also provided are the function tables and Boolean equations. 

ALL TRUE OR ALL 

COMPLEMENT SOURCES 
ONE SOURCE COMPLEMENTEO 

:=D-'" A~ :~'" IMPLEMENTATION ,,' 
B 

A B 2.:" A 1\ B ~. B I A !:" 

L L H L H L L L H L L 
FUNCTION TABLES 

H L L H L H H H (H'" HIGH lEVEL. H L L 

L - LOW LEVELl L H L L H H H H L L H 

H H H H L H L H L H L 

QP8::.QP9 z l OP8 -H.OP9- L OPS - L. OPg • H 

:::=to-' ::::::}[)- ,,' ::::::}[)-&' OTHER OR EII:ANO 

EQUAL SYMBOLS 
A~ . ' . 

EX·OR EX·OR EX·NOR 

E/-A E) 8 
BOOLEAN FUNCTIONS l:'.AiB' Z;'-A • B ,,'-A.8 

FIGURE 32 - FORM VIIIC EXCLUSIVE-OR/EXCLUSIVE·NOR OPERATIONS 
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3.10 OPERATION FORM IX - NO OP 

Operation Form IX is designed specifically to 
clear the 1:' bus force AG and LG low, and 
force EQ high; and, during this operation 
form data in the '5481 registers, counters and 
latches remain unchanged unless directed to 
do otherwise by the asynchronous control 
inputs as shown in Figure 33. 

The memory or program counter can be 
incremented (by one or two) on each clock 
transition, or the working register cen be 
loaded on each clock. Additionally, the B 
input/output can be specified, as well as 
sources for the address or data out ports. 
States of the carry and overflow outputs ara 
not interrupted. 

H H H H H x x x x 
H. HIGH LEVEL, L • LOW LEVEL, X • IRRELEVANT 

ASYNCHRONOUS CONTROLS: 

SEL B INPUT/OUTPUT 

SEL DOB SOURCE 

SEL AOB SOURCE 

INCREMENT PC OR MC 

INHIBIT PC AND/OR MC 

LOADWR 

AG ~ ZERO 

LG· ZERO 

EQz HIGH 

x 

FIGURE 33 - FORM IX-NO OPERATION: ZERO -+~' BUS 

x 

3.11 OPERATION FORM X - CYCLIC REDUNDANCY CHARACTER ACCUMULATION 

40 

Operation Form X is a macroinstruction which can be used to update a 16·bit cyclic redundancy character (CRe) 
partial sum in eight clock cycles, assuming 8·bit data characters. The updated eRe partial sum resides in the working 
register. The flow diagram of this algorithm is illustrated in Figure 34. 

H .. HIGH LEVEL. L" lOW LEVEL 
• INITIAL LEVEL 

FORM )( OPERATION 

CRe PARTIAL SUM IN WR 

CRe POLYNOMIAL IN AI 

DATA CHARACTER IN XWR tRIGHT HALFI 

CRe ITERATE 
taClOCKSI 

UPOA TED CRe PARTIAL SUM IN WR 

FIGURE 34 - CYCLIC REDUNDANCY CHARACTER ACCUMULATION 



Setup conditions include the existence or placement of the previous CRC partial sum in the working register, the CRC 
polynomial at the A input port, and the data character in the eight least significant bits of the extended working 
register. All decisions after setup are decoded on chip for each of the eight iterations. Microcontrol open-collector 
output Opg of the LSP assumes control during the iterations to generate one of two microinstructions requires to 
accomplish the CRC update. 

3.12 OPERATION FORM XI - SIGNED INTEGER DIVIDE 

Operation Form XI consists of the micro/macroinstructions needed to perform the signed division of a double length 
dividend by an N-bit divisor in N + 3 clock times. After the division routine the quotient will reside in the extended 
working register (XWR) and the remainder will be in the working register (WR). Negative results are in two's 
complement. The flow diagram of this algorithm is illustrated in Figure 35. 

Setup conditions include the existence or placement of the double length dividend in the WR, XWR and application 
of the divisor at the A input port. To obtain a legitimate result, the divisor must not be arithmetically zero as 
indicated during the start command by the EO output being low. The dividend must be of a nature that it could be 
generated by a signed multiply and add operation on the divisor. Status outputs LG, AG, C-OUT and OV are 
undefined, as is EO after the start command. 

After setup, all decisions are decoded on chip for start, iterate, iteration finish, fix remainder, and adjust quotient. 
The iterate macroinstruction (Form XI B) internally decodes the status of the stored signs, carry out, and working 
register and the OP8 and Opg microcontrol open-collector outputs of the MSP assume control generating one of four 
microinstructions required to accomplish the signed divide. 

3.13 OPERATION FORM XII - UNSIGNED DIVIDE 

Operation Form XII consists of micro/macroinstructions needed to perform the unsigned division of a double length 
dividend by an N-bit divisor in N + 1 clock times. After the division routine the binary magnitude quotient will reside 
in the extended working register (XWR) and the binary magnitude remainder will be in the working register (WR). 
The flow diagram of this algorithm is illustrated in Figure 36. 

Setup conditions include the existence or placement of the double length dividend in the WR, XWR; application of 
the divisor at the A input port and that the last operation was not a divide command. To obtain a legitimate result, 
the N-bit divisor must be logically greater than the most-significant N-bits resident in the working register. A direct 
status on the arithmetically-greater-than (AG) output indicates that a valid (start) [AG = Hl, or invalid (abort) 
[AG = Ll setup condition exists. 

After setup, all decisions are decoded on chip for start, iterate and finish. The iterate macroinstruction (Form XIIB) 
internally decodes the status of C-OUT or FORCE LOAD FLAG and the Opg microcontrol open-collector output of 
the MSP assumes control generating one of two microinstructions required to accomplish the unsigned divide. 

3.14 OPERATION FORM XIII - UNSIGNED MUL TIPL Y 

Operation Form XIII consists of a macroinstruction which performs the unsigned multiplication of two N-bit words in 
N clock times. After the multiply routine the double length product is residing in the working register 
(most-significant N-bits) and the extended working register (least-significant N-bits). The flow diagram of this 
algorithm is illustrated in Figure 37. 

Setup conditions include clearing the working register to all zeros, loading (not shifting) the multiplier into the 
extended working register, and applying the multiplicand at the A input port. Arithmetic shift commands must not 
occur between multiplier load and the first iteration. Status outputs (EO, AG, LG, C-OUT and OV) are undefined 
during this algorithm. 
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DIVIDEND IN WR, XWR; 

DIVISOR IN AI; 

AI + 0; DIVIDEND IS SUCH THAT IT COULD 

BE GENERATED BY A SIGNED MULTIPLY 

AND ADD OPERATION ON THE DIVISOR. 

WR, XWR LEFT LOGICAL 
AI PLUSO -1:' 
SAVEWRSIGN 

SAVE SIGNS-DIFFERENT 
FLAG 

START-FORM lilA 
11 CLOCK) 

----------
~ L ~ : l f F t f ~I~ 
gOO 0 gOO 0 0 0 U 

I H : H : H : H : L : H : L : H : H : H : H I-INITIAL LEVEL 

WRPLUS AI-1: 

1: ,.XWR LEFT LOGICAL 
- WR,XWR 

XWRRT-l 

WR PLUS AI_ 1: 

-WR 
XWR LEFT LOGICAL 

- XWR 
XWRRT -I 

YES 

lOPS) 

YES 

IOP9) 

YES 

lOPS) 

NO 

lOPS) 

NO 

IOP9) 

ITERATE-FORM lOB 
IN-I CLOCKS) 

WR PLUS AT 
PLUS 1-1: 

WR, XWR·LEFT 
LOGICAL -WR, XWR 

XWRRT = 0 

----------

NO 

lOPS) 

NO 

IOP9) 

ITERATION FINISH·FORM lOC 
(1 CLOCK) 

WR PLUS Ai 
PLUS 1-1: 

XWR LEFT LOGICAL 
-XWR 

XWRRT' 0 

FIGURE 35 - FORM XI-SIGNED INTEGER DIVIDE (SHEET 1 OF 2) 



YES 

(OPS) 
(OP9) 

XWR plus 0 

-XWR 

WR plus AI 

-I: 

l:-WR 
1 - R FIXED FLAG 

YES 

(OPS) 

YES 

XWR plus 1 

-XWR 

FIX REMAINDER - FORM XID 
(1 CLOCK) 

NO 

NO 

(OP9) 

WR plulAI 

plus 1- 1: 

0- R FIXED FLAG 

ADJUST QUOTIENT - FORMXIE 

(1 CLOCK) 

XWR plus 0 

-XWR 

REMAINDER IN WR 
QUOTIENT IN XWR 

FIGURE 35 - FORM XI-SIGNED INTEGER DIVIDE (SHEET 2 OF 2) 

XWR plus 1 
-XWR 
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DIVIDEND IN WR, XWR 
DIVISOR IN AI: 
DIVISOR MUST BE LOGICALLY GREATER 
THAN WR FOR LEGITIMATE RESULT. 

:tD:~~~:flf:;:f[~ START (FORM XII A) 
(1 CLOCK) oooooooooou 

IH:H:H:H:««H:H:LI 

H = HIGH LEVEL 
L = LOW LEVEL 

WR, XWR LEFT 
LOGICAL - WR, 

XWR 

YES NO 

SET CLEAR 
FORCE LOAD FORCE LOAD 

FLAG FLAG 

TO UNSIGNED 
DIVIDE INTERATE 

FIGURE 36 - FORM XII-UNSIGNED DIVIDE (SHEET 1 OF 21 



o - N M 'lit ~ U) ,.... CO en IZ 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ u 

IH:H>:< < < <H:H:H>I 
H = HIGH LEVEL, LOW = LOW LEVEL 
• INITIAL LEVEL 

l;, XWR LEFT LOGICAL 

-WR,XWR 

XWRRT= 1 

SET 
FORCE LOAD 

FLAG 

:E-WR 
XWR LEFT LOGICAL 

-XWR 
XWRRT= 1 

WR plus AT 
plus 1 -+ 1: 

WRpiusAT 
plus 1 -+ 1: 

G 

NO 

(OP9) 

NO 

(OP9) 

ITERATE (FORM XII B) 

(N-l CLOCKS) 

WR, XWR LEFT LOGICAL 
-WR,XWR 

XWRRT= 0 

CLEAR 
FORCE LOAD 

FLAG 

FINISH (FORM XII C) 
(1 CLOCK) 

XWR LEFT LOGICAL 
-XWR 

XWRRTcO 

QUOTIENT IN XWR 

REMAINDER IN WR 

FIGURE 36 - FORM XII-UNSIGNED DIVIDE (SHEET 2 OF 2) 
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f ~ ~ ~ : f : t ~ : I~ o 0 000 000 000 

IH:H:H:H:«H:L:L:H:HI 

H = HIGH LEVEL. L = LOW LEVEL •• INITIAL LEVEL 

WR plus AI -+ 1: 

1:. XWR ri~t logical 

.... WR.XWR 

YES 

ZEROS INWR 
MULTIPLIER IN XWR 
MULTIPLICAND IN AI 

ITERATE 
(N CLOCKS) 

NO 

(OP9) 

WR plus AI .... 2: 

WR. XWR right logical 

-+WR. XWR 

PRODUCT IS IN WR. XWR 

FIGURE 37 - FORM XIII-UNSIGNED MULTIPLY 

The iterate macroinstruction internally decodes the status of the XWR LSB and the OP9 microcontrol open-collector 
output of the MSP assumes control generating one of two microinstructions required to accomplish the unsigned 
multiply_ 

3.15 OPERATION FORM XIV - SIGNED INTEGER MULTIPLY 
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Operation Form XIV consists of a macroinstruction which performs the signed multiplication of two N-bit signed 
integers in N clock times. After the multiply routine. the double precision signed product resides in the working 
register (most-significant N-bits) and the extended working register (least-significant N-bits). Negative products are in 
two's complement. The flow diagram of this algorithm is illustrated in Figure 38. 

Setup conditions include clearing the working register to all zeros. loading (not shifting) the multiplier into the 
extended working register. and applying the multiplicand at the A input port. Arithmetic shifts must not occur 
between multiplier load and the first iteration. Status outputs (EO. AG. LG. C-OUT. and OV) are undefined during 
this algorithm. 

The iterate macroinstruction internally decodes the status of the multiplier (XWR) sign-bit flag. the multiplier LSB. 
and the multiplier LSB flag and the OP8 and OP9 microcontrol open-collector outputs of the MSP assume control 
generating one of four microinstructions required to accomplish the signed mUltiply. 



SET 
XWR NEGATIVE 

FLAG 

WR plus AI· .. I: 

I:, XWR Right Logical 
-WR,XWR 

YES 

NO 

(OPB) 

YES 

(OP9) 

CLEAR 
XWR LSBTEST 

FLAG 

ZEROS INWR 
MULTIPLIER IN XWR 
MULTIPLICAND IN AI 

NO CLEAR 
XWR NEGATIVE 

FLAG 

SIGNED MULTIPLY 
ITERATE (N CLOCKS) 

YES 

(OPBI 

NO 

(OP91 

WR plus AT 
plu.l-Z: 

WR,XWR 
right logical- WR, XWR 

PROOUCT IS IN WR, XWR 

FIGURE 38 - FORM XIV-SIGNED INTEGER MULTIPLY 

SET 

XWA LSB TEST 
FLAG 
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4, SPECIFICATIONS 

Recommended operating conditions, electrical characteristics, and switching characteristics are provided in Tables 19 
through 21. 

TABLE IS 

RECOMMENDED OPERATING CONDITIONS 

SN54S481 SN74S481 
UNIT 

MIN NOM MAX MIN NOM MAX 
Supply Voltage, VCC 4.5 5 5.5 4.75 5 5.75 V 
High-level output voltage at Ea. OPB. OP9 5.5 5.5 V 

AOP, BIIO, oOP,ceo/OV, ~ 10 10 

EO,OPB,OP9 B B 
Low-level output current mA 

WRLFT, WRRT, XWRLFT, XWRRT 4 4 
X/LG, Y/AG 20 20 

BIIO,OOP 2 6.5 
High-level output current mA 

All other outputs or I/O except EO, OPB, OP9 1 1 

High logic level 35 25 
Width of clock pulse n. 

Low logic level 50 35 

Clock frequency 7.5 10 MHz 

AI, 9110 - Latch 01 01 

AI-WR 351 251 

Setup time, tlu AI, BIIO -> ALU -> MC, PC, WR, XWR B01 651 ns 
CCT,~, ~, L15WR 551 451 

OPO thru OP9 BOt 70t 

AI, BIIO -> Letch 201 151 

AI-WR 101 lOt 

Hold time, th AI, 91/0 -> ALU -> MC, PC, WR, XWR Ot Ot n. 
CCT,~,~, rnwFi Ot Ot 
OPOthru OP9 tw(clockl tw(clockl 

Operating fr •• air temperature range, T A -55 25 125 0 25 70 ·C 

t '" The .rrow indlcat_ the tr.nlitlon of the olock input u •• d for referance: t for the low-to-high transition, ~ for the high-to-Iow tranlltlon. 
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TABLE 20 

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE·AIR TEMPERATURE RANGE 

(UNLESS OTHERWISE NOTEDI 

PARAMETER TEST CONDITIONSt MIN 

VIH High·level input voltage 2 

VIL Low-level input voltage 

VIK I nput clamp voltage Vce = MIN. II = -18 mA 

Vee = MIN. VIH=2V. 1545' 2.5 
VOH High·lavel output voltage 

VIL = 0.8 V. 10H = MAX I 745' 2.7 

VOL Low·level output voltage 
Vee = MIN. VIH = 2 V. 

VIL = 0.8 V. 10L = MAX 

II Input current at maximum input voltage Vce = MAX. VI = 5.5 V 

POS Vee-MAX. VI- Vec 

IIH High·level input current 
OPO.OPI. 

Vce=MAX. VI=2.7V 
OP2. OP3. <mIi 
Any other 

OPO. OPI. OP2 

OP3. <mIi 
IlL Low--Ievel input current WRRT. WRLFT. XWRRT. Vee = MAX. VI = 0.5 V 

XWRLFT.~. CLOCK 

Any othar 

Short-circuit Any output or I/O 
lOS Vec~ MAX -30 

output current§ except Ea. OP8. OP9 

ICC Supply current Vee = MAX 

tPor conditions shown •• MIN or MAX, use the appropriate value ,pacified under recommended operating condltlonl. 
:tAli typical values are at VCC - 5 V. T A a 25°C. 
INot more than one output should be shorted at a time. 

TABLE 21 

SWITCHING CHARACTERISTICS. VCC - & V, TA - mOc 

PARAMETER FROM UNPUTI 

tp AI. 81/0 

tp AI. 81/0 

tp ~ 

tp W 
tp AD 

tp 00.01 

tpxz BIIO SEL or 00. 01 

tpzx BIIO SEL or 00. 01 

tp CLOCK 

tp ~ 

tp == Propagetion dalay 
tpXZ'" Disable time to Hi·Z 
tpzx'" Enabla time (HI-Z-To-Eneblel 

DESIGN GOAL 

TO (OUTPUT I 

OOP 

WRLFT.WRRT 

V/AG, X/LG, ~ 
EO,OV 

BIIO 

'COUT 
~ 

AOP 

OOP 

BIIO or OOP 

BIIO or OOP 

AOP,OOP 

WRLFT, WRRT, XWRLFT, XWRRT 

AOP.OOP 

AOP,OOP 

OV 

CC'C 
CMl'I' 
OP8 OP9 

OOP 

TIlle doau_nt prowld. _tlltive Infor_tlon on. product In t ........ _tIIl ... T._ 
11IItIU~ _.- t ... rlaht to e ....... or 
dIIIontInu. mil product without _101. 

OPERATION ROUTING 

LATCH -+ ALU -+ OOP 

LATeH-+ ALU 

LATCH-+ALU 

LATCH-+ALU 

LATCH-+ALU 

NO SHIFT 

[WR. XWR.l:·BUS) -+ SHIFTEO 

. [WR,XWR,PCI-+ALU -SHIFTEC 

MIN 

TVP* MAX 

0.8 

-1.2 

3.4 

3.4 

0.5 

1 

1 
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-3.2 

-2 

-1 
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TVP MAX 

80 

80 

60 

60 
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20 

15 

20 
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5. MECHANICAL DATA 
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6. PIN ASSIGNMENTS 
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1, INTRODUCTION 

The SBP0400A and SBP0401A are 4-bit expandable parallel binary processor elements, each monolithically 
intagrating 1660 functional gates_ These controller/processor building blocks combine the unique properties of 
Integrated Injection Logic (l2L) with a microprogrammable bit-slice architecture to offer a high degree of 
performance and 'design flexibility. Each can provide the basis for efficient, low-cost solutions to a wide range of 
applications, from basic sequential controllers to advanced multiprocessor systems for either industrial or military 
environments. 

1.1 ARCHITECTURAL FEATURES 

Primary among the SBPQ400A and SBPQ401A architectural features are: 

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

• Separate data-in, data-out, address-out and control ports provide flexible parallel device access 

• 16-function arithmetic/logic unit (ALU) with symmetrical subtraction and fully carry look-ahead 
capability 

• B-word general register file including program counter with independent incrementor 

• Two 4-bit working registers for both single- and double-length operations 

• Dual scaled-shifters with on-chip handling of end conditions 

• Versatile factory programmable logic array (PLA) generates on-chip control transformation 

• The SBPQ400A features an on-chip pipelining operation register 

• The SBPQ401A, with asynchronous microinstruction decode, is designed for use in externally pipelined 
systems 

1.2 OPERATIONAL FEATURES 

The functional power of the SBPQ400A or SBPQ401A is characterized by their ability to perform, within a single 
clock cycle, anyone of a repertoire of 512 standard operations: 

• Operand modifications or combinations via eight arithmetic or eight Boolean functions of the ALU 

• Double length accumulator with full bidirectional single/double precision arithmetic/logical/circulate 
sh ift capabilities, including sign protection 

• Single clock ALU/shift combinations simplify implementation of iterative multiple and non-restore 
divide algorithms 

• Special select operations and transfers 

1.3 ADDITIONAL FEATURES 

When provided with external control for sequencing of its operation set, either an SBP0400A or SBP0401A based 
system design can efficiently emulate a large number of existing systems with full software compatibility and no loss 
of software investment. Or complete application-tailoring of custom instructions may be accomplished for any design. 
Additional features are: 

• I ndependent program counter with independent access controls (and the internal operation register of 
the SBPQ400A) provide instruction look-ahead capability (pipelining) 

• Relative position control defines bit-slice rank in N-bit applications 

TENTATIVE DATA SHEET 
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• Serial and parallel access to or from working registers 

• Word or byte incrementation of program counter 

• ALU bypass for direct register-file access 

1_4 TECHNOLOGICAL FEATURES 

2 

These processor elements. fabricated with Integrated Injection Logic (l2LI. feature an extremely wide performance 
range. 

• Constant speed-times-power performance over an injector current range covering three orders of 
magnitude (103 1 

• Operates from a single dc power source capable of 1.1 volt minimum at desired injector current 

• ALU/shift operation time ... 240 nanoseconds typical at 200 mW nominal power 

• Fully TTL compatible at nominal injector current 

• Static operation with positive (tl edge-triggered storage 

• SBP0400AC and SBP0401AC operate over O°C to 70°C industrial temperature range 

• SBP0400AM and SBP0401AM operate over full -SSoC to 12SoC military temperature range 
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2. FUNCTIONAL PIN DESCRIPTIONS 

PIN NUMBER PIN NAME PIN FUNCTION 
INPUT. OUTPUT, OR 

INPUT/OUTPUT 

1 01 2-bit, "0" field of the Operation-Select Word. Input 
2 00 Input 

3 S2 3-bit, "S" field of the Operation-Select Word designates, in general, Input 
4 S1 a particular R F as an operand source/destination. Input 
5 SO Input 

6 XWRLFT Bidirectional 110. low active. shift accommodation for the XWR. Bidirectional Input/output 
Receives double-precision right-shift data; outputs double-precision 
left-shift data. Becomes XWRLFT (high active) internally. 

7 XWRRT Bidirectional I/O, low active, shift accommodation. Receives Bidirectional Input/output 
double-precision left-shift data; outputs double-precision right-shift 
data. Becomes XWRRT (high active) internally. 

8 XWR MSB of the input to the XWR if in the most-significant 4 bit slice Output 
MSB/LSB position (MSP) and LSB input to the XWR if in the least-significant 

4-bit slice position (LSP). 

9 WRRT Bidirectional lID, low-active, shih accommodation for ALU output Bidrectional Input/output 
data_ Receives left-shift data. Outputs right-shift data. Becomes 
WRRT (high active) internallv. 

10 iiVI'ITl"f Bidirectional lID, low-active, shift accommodation for ALU output Bidirectional Input/output 
data. Receives right-shift data; outputs left-shift data. Becomes 
WRLFT (high active) internally. 

11 ALUCIN Receives, high-active, ALU ripple carry-in data_ Input 

12 OOPO 4-bit, parallel, high active, data-out port. Output 
13 00P1 (00P3 -. OOPOI Output 
14 00P2 Output 
15 DOP3 Output 

16 DIP3 4-bit, parallel, high active, data-in port Input 
17 0lP2 (DIP3 ~ DIPO) Input 
24 DIP1 Input 
25 DIPO Input 

18 I'CCiN In all positions, directs the program counter to increment by 1 or 2, Input 
depending on the level applied to ENINCBY2, on the next 
Jow-la-high clock transition. 

19 PCCOUT/ In any pOSition but MSP, PCCOUT is the program counter output Output 
BMSB applied to the next more significant package PCCIN. In the MSP, 

outputs the MSB of the "S" bus. 

20 GND Common or ground terminal. Supply Common 

21 POSO Oirects internal and input/output end-conditions required to define Input 
22 POS1 the relative position of each SBP0400A/SBP0401 A when a number Input 

is cascaded to implement> 4-bit word lengths. See double-precision 
..M1 ift data flow. 

23 ENINCBY2/ In the least-significant 4-bit slice position (LSP), ENINCBY2 = H in Bidirectional Input/output 
AMSB conjunction with PCCIN = L directs the PROGRAM COUNTER to (LSP) (MSP) 

increment bV a displacement of 2 on the next clock. In the 
most-significant 4-bit slice position (MSP), outputs the MSB of the 
"A" bus. 

26 CLOCK Clocks all synchronous registers on positive transition. Input (Edge-triggered) 

27 ALU=O Active high open-collector output indicates that the four ALU Output 
outputs are low (equal zero). 

28 AOP3 4-bit, parallel, high-active, address-out port. Output 
29 AOP2 (AOP3 ~ AD PO) Output 
31 AOP1 Output 
32 AOPO Output 

30 PC Selects program counter to the address-out port (high active). Input 
PRIORITY Overrides internal direction of address-out port. 

33 JI' ALU Carry-propagate Output 

34 G ALU Carry-generate Output 

35 ALUCOUT Outputs, high active, ALU ripple carry-out data. Output 

36 OP3 This 4-bit "OP" field of the Operation-Select Word designates in Input 
37 OP2 general,1 of 16 ALU functions. Input 
38 OP1 Input 
39 OPO Input 

40 INJECTOR Supply current source. Supply input 

3 



3. DETAILED FUNCTIONAL DESCRIPTION 

The SBP0400A and SBP0401 A architectures are formed by the various functional blocks and interconnecting 
data/control paths shown in Figure 1. Parallel data/control flow to/from the processor element is accomplished 
through 1) the data·in port (DIP) via the 4·bit data·in bus (DIB), 2) the data·out port (DOP) via the 4·bit data·out bus 
(DOB), 3) the address·out port (AOP) via the 4·bit address·out bus (AOB)' and 4) the operation·select port (OSP) via 
the nine operation·select inputs. The format of the op·select word is: 

9·BIT OPERATION·SELECT WORD 

~:oP1:OPoID1 iDO I S2: s~ 
OP·FIELD ... pri .... rily _I.cts 1 of 16 D·FIELD ... go.erns the menner in S·FIELD ... primarily selects 1 of B 

ALU function ••• the operand combina· which the OP·FIELD and S·FIELD is register file locations as an operand 

lion/modification mechanism interpreted to specify SBP0400AI source and/or operation-result desti· 

SBP0401 A operations nation 

NOTE 
A complete discussion of the operation·select word is provided in section 5. 

The SBP0400A contains a 20·bit operation register which stores, on the clock positive transition, the present 
(resident) operation decoded by the transformation PLA. The SBP0401 A, containing the identical operation decode 
20·output PLA, derives the present (resident) operation from the steady·state input at the nine op·select inputs. The 
'0401A is designed specifically for use in systems utilizing the SN54S/74S482 control element which, in addition to 
generating next control·memory addresses and storing interrupt/subroutine addresses, contains an on·chip control 
memory address register to assist with the system pipelining functions. Thus, the need for an operation register in the 
SBP0401A processor element is eliminated. 

3.1 PROGRAMMABLE LOGIC ARRAY (PLA) 

3.1.1 PLA Description 

The programmable logic array (PLA) is a factory·programmable block of combinational logic which forms the control 
operation transformation center. Nine bits of encoded microinstruction data are presented to the PLA via the 9·bit 
operation·select word input lines. The PLA decodes/translates this encoded data to generate a 20·bit internal 
microinstruction. The various micro·operation fields of this microinstruction condition the appropriate functional 
blocks and buses for microinstruction execution. 

On the positive going (t) transition at the clock input, this 20·bit microinstruction is stored in the operation register 
(OR) of the SBP0400A. 

3.1.2 PLA Factory Programming 

The standard factory PLA program provides a flexible, universal. repertoire of 459 unique operations. However, the 
PLA can be factory programmed to provide, within the constraint of 62 AND terms and 20 OR terms, a personality 
tailored to meet custom requirements. 

3.2 SBP0400A OPERATION REGISTER (OR) 

4 

The 20·bit operation register (OR) of the SBP0400A is a D·type edge·triggered register which, on each positive 
transition at the clock input, loads the present PLA output. The OR, as loaded, continuously enables the various 



'0400A functional blocks for execution of the "present" microinstruction while the PLA may be simultaneously 
decoding/translating the "next" microinstruction. 

3.3 STATUS OUTPUTS 

Status outputs for the operation in process are designed specifically to simplify system implementation by providing 
direct access to those status bits used with the classical and highly efficient multiply and divide algorithms. The status 
outputs consist of: 

a. AMSB and BMSB - In the MSP these outputs provide direct access to the sign bits of data/operands 
entering the ALU. 

b. XWR MUX MSB - In the MSP this output provides direct access to the data bit which can become the 
XWR sign bit during left-shift operations. It is useful for determining overflow (impending change of 
the XWR sign bit) in double-signed arithmetic operations, shifting operations, or fix-up routines in 
iterative sign-magnitude divide algorithms. 

c_ XWR MUX LSB - In the LSP this output provides direct access to the data bit which can become the 
XWR LSB during right-shift operations. It is useful for looking ahead during iterative multiply and 
divide routines to setup the next micro-operation. 

d_ ALU = a - In the LSP, IP, and MSP this output provides a direct indication that all four of the ALU 
outputs are low. In an expanded word length system all of the ALU = a outputs can be dot-AND 
connected to provide, on a single-line, an indication that all of the ALU outputs are low (equal zero)_ 

e. ALUCOUT - In the LSP, IP, and MSP this output provides a direct carry out from each of the 4-bit 
slices. In the MSP the ALUCOUT can be used for determining ALU overflow. 

3.4 ARITHMETIC/LOGIC UNIT (ALU) DESCRIPTION 

The 4-bit parallel, binary, arithmetic/logic unit (ALU) is the operand combination/modification mechanism_ Under 
direction of the present micro-operation, the ALU performs 1 of 16 arithmetic/Boolean operations on either or both 
of two operands present at it's A and B input ports. Operand sources which may access the A input port of the ALU 
via the A multiplexer are the register file (RF) and data-in port (DIP); operand sources which may access the B input 
port of the ALU via the B multiplexer are the data-in port (DIP), working register (WR), and extended working 
register (XWR)_ 

3.4.1 ALU Function Selection 

In general, an ALU function is specified via the 4-bit OP-field (OP3 -+ OPO) of the operation-select word as shown in 
Table 1_ This field is presented to the PLA via the operation-select word input lines. The PLA translates OP3, OP2, 
OP1, OPO into a 4-bit micro-operation field which ultimately selects the ALU mode. The OP3 bit functions similarly 
to an ALU mode control in that 1) a low-logic level places the ALU in an arithmetic mode. and 2) a high-logic level 
places the ALU in a logic mode_ OP2 -+ OPO selects a particular function within the specified ALU mode. 

3.4.2 ALU Arithmetic Mode 

Functionally similar to the popular TTL ALU's, such as the SN54S114S181 and SN54SI14S2Bl, the arithmetic 
functions (see Table 1) include symmetrical subtraction whereby either A minus B or B minus A may be employed to 
simplify data flow. Other arithmetic-type functions include simple A plus B, A plus B plus carry-in, preset all high, 
clear all low, and direct symmetrical generation of complements (l's or 2's) for either A or B. 
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TABLE 1 

ALU FUNCTION-SELECT TABLE 

ALU ACTIVE-HIGH DATA 

OP·FIELD ALUCIN= H ALUCIN = L 

OP3 OP2 OP1 OPO (WITH CARRY. NO BORROWI (WITH CARRY. NO BORROWI 

L L L L Fn = L Fn = H 

'i L L L H Fn = B minus A Fn = B minus A minus 1 

E L L H L Fn;;: A minus B Fn = A minus B minus 1 ... 
L L H H Fn = A plus B plus 1 .: Fn = A pltls B 

C L H L L Fn = B plus 1 Fn = B 

L H L H Fn = B plus 1 Fn = B 
L H H L Fn = A plus 1 Fn = A 

L H H H Fn = A plus 1 Fn = A 
H L L L Fn = AnBn 

H L L H Fn = An@Bn 

H L H L Fn = An@Bn 

.!! 
H L H H Fn = AnBn 

!' H H L L Fn = AnBn 

H H L H Fn = An + Bn 

H H H L Fn = An + Bn 

H H H H Fn = An + Bn 

3.4.3 ALU Logical (Boolean 1 Mode 

Functionally similar to the popular ALUs such as the SN54S/74S181 and SN54S/74S281. the ALU logical functions 
(see Table 11 include AND. OR, exclusive OR, exclusive NOR. and four symmetrical mixed combinational functions 

of the ALU's A and B operands. 

3.4.4 ALU Carry and Look·Ahead Generator Functions 
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These processor elements have accommodations for 
ALU ripple carry·in (ALUCINI and ALU ripple 
carry·out (ALUCOUTI; and in order to facilitate 
look·ahead carry generation across expanded word 
sizes. each has output accommodations for ALU 
carry-generate data «;1 and ALU carry·propagate 
data (IS). When these accommodations are util ized in 
conjunction with SN54/74182 look-ahead carry 
generators, ALU add/subtract times may be signifi· 
cantly improved over those times where only 
ripple·carry techniques are employed. Only one 
SN54/74182 (Figure 21 is required to provide 
look·ahead carry generation across an expanded 
system of from two to four 4·bit sl ice processor 
elements. A second level of look·ahead carry genera· 
tion may be employed (Figure 31 for systems 
expanded up to 64 bits. Typical ALU add times are 
shown in Table 2, and are illustrated in Figure 4. 

MOST SIGNIFICANT 
PACKAGE (MSPI 

'Q400A 
'Q401A 

- Cn 

P G 

I I 

'0400A 
'04Q1A 

- Cn 

P G 

I I 
PO GO Cn+x P1 G1 

~Cn 

p G 

I I I 

'040QA 
'04Q1A 

Cn 

P G 

I I 
Cn+y P2 G2 

SN74182 

LEAST SIGNI FICANT 
PACKAGE (LSPI 

'0400A 
'0401 A 

- Cn 

P -
G 

I I 
Cn+z P3 G3 

FIGURE 2 - SINGLE·LEVEL ALU CARRY LOOK·AHEAD 

AND BIT·SLICE RELATIVE POSITIONS 



Co 

t 
!l1~l.i~t LLvfL 
LIlOIlAIl(AO 

FIGURE 3 - 64-BIT SYSTEM WITH ALU FULL-<:ARRY LOOK-AHEAD 

TABLE 2 

TYPICAL SBP0400A ADD TIMES IDIP PLUS WRI FROM t CLOCK TO DOB 

TW04-BIT TWOB-BIT TWO '6-BIT TWO 32-BIT TWOM-BIT 
TYPE OF CARRY 

WORDS WORDS WORDS WORDS WORDS 

RIPPLE 240nl 2B5 ns 405 nl 145 nl 1.1 "I 
SINGLE-LEVEL LOOK-AHEAD" NA 300ns 300nl 405 n. 625 n. 

SECOND-LEVEL LOOK-AHEAD" NA NA NA 315 nl 315 nl 

"LOOK-AHEAO IS SN54174182, ANO INJECTOR CURRENT IS 200 mAo 

...o4OOA ---"1 
CLOCK tL. ___ ~ 

SBP0400A SBP0400A 

I 
I. 180 ns-----l 

~I ~--------
P,GOUTPUT, __________________ . 

---+j I-- 15 .. 

• ~ I ~ en + • OUTPUT . 
~--------------------~I 

1-'06 "'-1 
~UT~P:UT~ ___________________ ~r__ 

FIGURE 4 - EXECUTION OF TYPICAL ALU MICRO-OPERATION 

3.& RELATIVE POSITION CONTROL (POS1, POSO) 

The 2-bit relative position control (POS1, ,"OSO) 
encodes the relative positional ran k of each individ
ual processor element in an expanded word length 
system. As shown in Figure 2, the three positional 
rank possibilities are: 11 most significant position/ 
package (MSP), 2) intermediate position/package 
(IP), and 3) least significant position/package (LSP). 

Consequent to encoded positional rank, the relative 
position control (POS1, paSO), as shown in Table 3 
dictates for each individual 4-bit slice in an ex
panded word length system: 11 the manner in which 
data shifts/circulates are to be accomplishe.d, and 2) 
a particular assignment for each individual multi
function I/O accommodation. 
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TABLE 3 

POSITION CONTROL FUNCTIONS 

INPUTS MULTIFUNCTION 1/0 

RELATIVE POSITION PCCOUTI ENINCBY21 XWRMUX 

POS1 POSO BMSB AMSB MSB/LSB 

L H LEAST SIGNIFICANT POSITION (LSP) PCCOUT ENINCBY2 XWR LSB 

L L INTERMEOIATE POSITION OPI PCCOUT Hi·Z ZERO 

H L MOST SIGNIFICANT POSITION (MSP); BMSB AMSB XWR MSB 

OOUBLE·SIGNEO/OOUBLE·PRECISION 

(OS/OP) ARITHMETIC SHIFTS 

H H MOST SIGNIFICANT POSITION (MSP); BMSB AMSB XWR MSB 

SINGLE·SIGNEO/OOUBLE.PRECISION 

(SS/OP) ARITHMETIC SHIFTS 

3.6 REGISTER FILE (RFO'" RF71 

3.6.1 R F General Delcription 

The register file (RFI is an a·word by 4·bit set of O·type edge·triggered registers. Anyone of the eight registers may be 
selected as an operand source and/or operation·result destination. Register selection is accomplished via the 3·bit, 
S·field (S2'" SOl of the operation·select word. This field is presented to the PLA via the operation·select word input 
lines. The PLA translates S2, S1, SO into a 3·bit micro·operation field which ultimately selects a particular register 
within the file. 

3.6.2 RF Source/Deltinltion Operlndl 

Register file source and destination operands are listed in Tables 4 and 5 respectively. When the register file is used II 
a destination, the source data is recognized only when a low·level condition exists at the clock input. As shown in 
Figure 5, source data can change during the low·level clock condition as long as the setup time prior to the low·to·high 
transition of the clock input is satisfied. 

TABLE 4 

RF SOURCE OPERANDS 

OP·FIELD D·FIELO S·FIELD 
OPERATION OP FORM 

OP3-0PO D1-DO 52-SO 

RF - OOP IIlb LLLL HL LLL- HHH 

RF-XWR Ille LLLH HL LLL- HHH 

RF ALUWR- RF Ie LLLL- HHHH LL LLL- HHH 

RFALUWR-WR Ib LLLL-HHHH LH LLL- HHH 

RF plus OIP plus ALUCIN - RF lid LHHH HL LLL- HHH 

RF plus OIP plus ALUCIN - WR lib LHLL HL LLL-HHH 

RF plus OIP plus ALUCIN - XWR lie LHLH HL LLL .... HHH 

(RF Dlus WR Dlus ALUCIN XWR) LCIR - WR,XWR IVd HLLH HL LLL- HHH 

(RF plus WR plus ALUCIN,XWR) RSA - WR,XWR IVi HLHH HL LLL .... HHH 

RF plus WR plus ALUCIN .... XWR lie LLHH HL LLL- HHH 

RF plus XWR plus ALUCIN .... WR lie HHLL HL LLL- HHH 

RF plus XWR plus ALUCIN .... XWR III HHLH HL LLL .... HHH 

NOTE: When PC priority I. low WR - AOP 

a 



TABLE 5 

RF DESTINATION OPERANDS 

OPERATION OP FORM 
OP·FIELD D·FIELD S·FIELD 

OP3-0PO 01- DO 52-SO 

DIP- RF III. HHHH HL LLL- HHH 

XWR plul ALUCIN - RF IIg HHHL HL LLL- HHH 

RF ALUWR - RF I, LLLL- HHHH LL LLL- HHH 

RF plul DIP plus ALUCIN - RF lid LHHH HL LLL- HHH 

NOTE: Whon PC priority I. low WR - AOP 

A - SBP0400A OPERATION EXECUTION 

I <D 0: CD 
I I DIP-WA I DIP_AF r DIP-XWR 

i ~tIltUP : : 

I -- --' •• ,. I I I I I 

OPERATION 01 li'l li'l 
IOI'IEL I_\!.I,_\!.II_ 
INI'UTI I I I I .... ""'oIUUI.Il.II.llI.II.lI.II,~ 

II I I 

EXICUTION 
ICLOCK 
INPUT) 

f------. 
: LOADS WR 0 LOAOI AF 0 LO"DI XWA 

DIP 

001' 

I 
: I -, r-- '-"'P ---: H- tlltUP I:r- tett_ 

!~7~~~~A~~AI I~!~:~:~ 
- 'P@--I ...... 'oG)----"o®----'P®'--___ ...... 1_"""" I I I I I I 

__ -J~ X X K 

OPERATION 
lOP SEl 
INPUTI 

EXECUTION 
(CLOCK' 
INPUT) 

DIP 

DOP 

B - SBP0401A OPERATION EXECUTION 

LOADS XWR 

~t.IUP 

~~'hOld 

I 
I 

I I I I 
-: r-'o Q) -: r-'o@ 

FIGURE a·TYPICAL OPERATION EXECUTIONS 

9 



3.7 PROGRAM COUNTER (PC) - REGISTER FILE SEVEN (RF7) 

3.7.1 General Description 

RF7 of the register file features the added flexibility of performing as a program counter (PC). Independent of the 
"present" microinstruction, RF7 may be incremented by a displacement of 1 or 2. Incrementation is accomplished 
synchronously with the clock and selected, as shown in Table 6, via the multifunction i>cCiN and ENINCBY2 inputs 
as defined by the relative·position control (see Table 3). For cascading purposes, R F7 overflow is provided via the 
~i output. Furthermore, RF7 features an independent output bus which allows direct access at the AOP via the 
ADR multiplexer. When the PC PRIORITY input is taken to a high·logic level, operation select control of the ADR 
multiplexer is overridden allowing the PC to source the AOP. 

TABLE 6 

PROGRAM COUNTER INCREMENTATION 

PC IS 

RELATIVE POSITION INPUT INCREMENTED 

ON NEXT CLOCK 

LSP IP MSP PCCIN ENINCBY2 BY 

YES NO NO H X 0 

L L , 
L H 2 

NO YES NO H X 0 

L X , 
NO NO YES H X 0 

L X , 

Instruction look-ahead techniques may be employed to boost the system-level efficiency. While the internal operation 
register of the SBP0400A is directing execution of the "present" microinstruction, the PC may be independently 
updated to address/fetch data for the "next" microinstruction. In this manner, when the "next" microinstruction 
becomes the "present" microinstruction as evidenced by its residence in the 0400A OR, steps will have already been 
taken to fetch an associated data operand. 

The SBP0401 A, designed for use with the SN54SI74S482 control element, can employ the control memory address 
register of the 'S482 and other system registers to implement instruction look-ahead or overlap. 

3.7.2 PC Configurations 

10 

Typical configurations for use of the program counter in an expanded wordlength system are illustrated in Figures 8 
and 7. The BMSB/PCOOUT multifunction output may be time multiplexed (see Figure 6) to provide both BMSB and 
PC overflow (maximum count) status. Under direction of the relative position control (POS1, POSO), the BMSB i. 
available (see Table 3) when POS1 is high, but if POS1 is taken low, PCCOUT is available. After time to the PC 
contents of the most significant (MSP) will persist until the next L-to-H clock transition. Thus, the BMSB, then 
PCCQUT data may both be obtained within a single microcycle (1 clock period). 

The PC technique shown in Figure 7 may be employed if the required PC wordlength is 4-bits shorter than the 
processor wordlength. In this situation, the PC's maximum count status is available from the PCCOiJT output of the 
next-to-MSP liP) package. 



~ 
fCCOUT 

H H SS/OP 

H L OS/OP 

L L EN PCCOUT L L 

r;l.--I---..., r..l--l.---, 
I POSl POSO I, POSl POSO , 

I 

I 
I MSP ,liP I '-______ ..J L ______ ...J 

L L 

r; .l.--L---, 
POSl POSO I I 
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I IP , '- ______ ..J 

L H 
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, LSP , L ______ ...J 
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CK I . 
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FIGURE 6 - 16·BIT PROGRAM COUNTER 

POSO = X (don't care) 

H X L L L L L H 
.-J._..J. __ -, 
'POS1 POSO 

BMSBCJ' I 
OUT 

.... l. __ L __ ..., 
i POSl POSO I 

.-l. __ L __ ..., 
I POSl POSO I 

r. J.. __ L __ ..., 
POS1 POSO 

I I 

I MSP I L ______ ...J I I 

Function Clock Count 

LORF74087 to (40B7 AF7) H H H H H H H H H H H L H H H 

PC+ 1 t, 408B H H H H H H H H H H H H L L L 
PC+ 1 t2 4089 H H H H H H H H H H H H L L H 
PC + 2 t, 4091 H H H H H H H H H H H H L H H 
PC + 1 t, 4092 H H H H H H H H H H H H H L L 
PC+ 1 t, 4093 H H H H H H H H H H H H H L H 
PC+ 1 t, 4094 H H H H H H H H H H H H H H L 
PC+ 1 t, 4095= MAX L H H H H L H H H H L H H H H 

PC+ 1 t. 0 H L L L L H L L L L H L L L L 
Oiaable PC H H H H H H H H H H H H H H H 

No Clock H or L 4094 (4095 . 1) L H H H H L H H H H L H H H L 
PC+ 2 t. H L L L L H L L L L H L L L L -

FIGURE 7 - 12·BIT PROGRAM COUNTER 

ENINCBY2 

L L 

L L 

L L 

L H 

L L 

L L 

L L 
L L 

L L 

H L 

L H 

L H 
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3.7.3 PC Count Sequences 

PC count sequences initiated at the I>cCil'ii and ENINCBY2 inputs of the LSP of an expanded wordlength system are 
shown in Figure 7. An increment·by-' command (~ = L, ENINCBY2 = L) advances the PC from 4088 to 4089 
synchronously with the t2 clock; an increment-by·2 command (PCCTfiJ = L, ENINCBY2 = H) advances the PC from 
4089 to 409' synchronously with the t3 clock; a PC disable-increment command (~ = H) retains the PC at its 
present count status. When the PC is at maximum count, an increment-bY·l command (~ = L, ENINCBY2 = H) 
conditions the PCCOUf~ interpackage carry accommodations such that the PC will increment to zero 
synchronously with the ta clock; when the PC is at maximum-count·minus·' (N·l), an increment-by·2 command 
(PCCTfiJ = L, ENINCBY2 = H) conditions the PCCCrn'i'/~ interpackage carry accommodations such that the PC 
will increment to zero synchronously with the t9 clock_ A maximum count output will be generated at N-' if the PC 
is instructed to count by two_ This is shown in the supplementary state table of Figure 7. 

3.8 ADDRESS·OUT MULTIPLEXER (ADR MUX) 

The address-out multiplexer (ADR MUX) is a multiport multiplexer which selects either the WR, XWR, or program 
counter (PC) for transfer to the address-out port (AOP) via the address_out bus (AOB). When the PC PRIORITY input 
is logic·level low, ADR MUX transfer of the WR or XWR is selected by the resident operation; when the PC 
PRIORITY input is logic· level high, resident operation direction of the ADR MUX is overridden allowing the PC to 
source the AOP_ 

3.9 A BUS 

In addition to 4-bit parallel data transfers, the most significant bit (MSB) of the A bus is available at the multifunction 
AMSB output if the SBP0400A or SBP0401A is in the most significant position (MSP) as defined by the 
relative-position control. The AMSB output may be used to monitor the sign·bit of A bus data, or in conjunction with 
the BMSB and DOP3 (MSP) outputs, to detect an impending ALU overflow condition. 

3.10 B BUS 

In addition to 4·bit parallel data transfers, the most significant bit (MSB) of the B bus is available at the multifunction 
BMSB output in the most significant-position (MSP) as defined by the relative-position control. When used with shifts 
or circulates, this output may be used to extract B-bus data serially from the selected source_ The BMSB output may 
be used to monitor the sign-bit of B bus data, or in conjunction with the AMSB and DOP3 (MSP) outputs, to detect 
an impending ALU overflow condition. 

3.11 WORKING REGISTER (WR) 

3.11.1 General Description 

The 4-bit working register (WR) is a D-type edge-triggered register which functions as an accumulator for intermediate 
operands. The WR sources the ALU via the B multiplexer and the address-out-port (AOP) via the ADR multiplexer; 
the WR is a destination, via the WR mUltiplexer, for either the data-out bus (DOB) or data-in port (DIP). 

3. 11_2 WR Source/Destination Operands 

12 

Working register source and destination operands are listed in Tables 7 and 8 respectively_ When the WR is used as a 
destination, the source data is recognized only when a low-level condition exists at the clock input. As shown in 
Figure 5, the source data may change during the low-level clock condition as long as the setup time prior to the 
low-to-high transition of the clock input is satisfied_ 



TABLE 7 

WORKING REGISTER SOURCE OPERANOS 

OPERATION 

'WR ALU DIP- DOP 

'WR ALU DIP -:' WR 

WR ALU DIP - XWR 

WR ALU RF- RF 

WRALURF-WR 

IWR minus DIP minus 1 plus ALUCIN,XWRI LCIR - WR,XWR 

IWR minul DIP minus 1 plus ALUCIN,XWRI RSA .... WR,XWR 

IWR minul RF minus 1 plus ALUCIN,XWRI LCIR - WR,XWR 

IWR minul RF minus 1 plus ALUCIN,XWRI RSA - WR,XWR 

IWR plus ALUCINI RSA - WR,XWR 

IWR plul ALUCINI RSA - WR,XWR 

(WR plus ALUCINI LCIR - WR 

IWR plul ALUCINI LCIR - WR 

IWR plul ALUCINI LSA - WR 

IWR plUI ALUCINI LSL - WR 

IWR plul ALUCINI RCIR - WR 

IWR plul ALUCINI RCIR - WR 

IWR plUI ALUCINI RSA - WR 

IWR plul ALUCINI RSL - WR 

IWR plus ALUCIN,XWRI LCIR -IWR,XWRI 

IWR plul ALUCIN,HWRI LCIR - IWR,XWRI 

IWR plul ALUCIN,XWRI LSA - IWR,XWRI 

IWR plul ALUCIN,XWRI LSL - (WR,XWRI 

IWR plul ALUCIN,XWRI RCIR - (WR,XWRI 

IWR plUI ALUCIN,XWRI RCIR - IWR,XWRI 

IWR plul ALUCIN,XWRI RSA .... (WR,XWRI 

IWR plus ALUCIN,XWRI RSL -IWR,XWRI 

WR plUI DIP plul ALUCIN - DOP 

WR plUI DIP plUI ALUCIN - XWR 

IWR plUI DIP plul ALUCINI LCIR - WR,XWR 

IWR plul DIP plUI ALUCINI RSA - WR,XWR 

WR plUI RF plul ALUCIN - XWR 

IWR plus RF plUI ALUCINI LCIR - WR,XWR 

IWR plus RF plul ALUCINI RSA - WR,XWR 

NOTE: WII .. PC priority II low WR - AOP 

·XWR-AOP 

OP FORM OP FIELD 

ISeeS.31 0'3-0'0 

Ie LLLL- HHHH 

Id LLLL-HHHH 

II LLLL- HHHH 

I. LLLL -HHHH 

Ib LLLL- HHHH 

IV. HLLL 

IVI LLHL 

IVe HLLL 

IVh LLHL 

IVe HLHL 

IV. HLHL 

Vd LLHH 

Vd HLHH 

Ve LLHL 

VI HLHL 

Vb LLLH 

Vb HLLH 

V. LLLL 

V. HLLL 

Vld HHHH 

Vld LHHH 

Vic LHHL 

VII HHHL 

Vlb HHLH 

Vlb LHLH 

VI. LHLL 

Vie HHLL 

IIi LHHH 

IIh LLHH 

IVb HLLH 

IVg HLHH 

II. LLHH 

IVd HLLH 

IVi HLHH 

D·FIELD 5-FIELD 

Dl-oo 52-SO 

HH LLL 

HH LLH 

HH HLL 

LL LLL- HHH 

LH LLL- HHH 

HH LHL 

HH LHL 

HL LLL- HHH 

HL LLL- HHH 

HL XXX 

HH LHL 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH LHL 

HH LHL 

HH LHL 

HH LHL 

HL LLL .... HHH 

HL LLL-HHH 

HL LLL-HHH 
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TABLE 8 

WORKING REGISTER DESTINATION OPERANDS 

OPERATION 

WA ALU AF -WA 

(WA minus DIP minus 1 plus ALUCIN,XWA) LCIA - WA,XWA 

(WA minus DIP minus 1 plus ALUCIN,XWA) ASA - WA,XWA 

(WA minus AF minus 1 plus ALUCIN,XWA) LCIA - WA,XWA 

(WA minus AF minus 1 plus ALUCIN,XWAI ASA - WA,XWA 

(WA plus ALUCINI ASA - WA,XWA 

(WA plus ALUCIN) ASA - WA,XWA 

(WA plus ALUCINI LCIA - WA 

(WA plus ALUCIN) LCIA - WA 

(WA plus ALUCINI LSA - WA 

(WA plus ALUCIN) LSL - WA 

(WA plus ALUCIN) ACIA - WA 

(WA plus ALUCINI ACIA - WA 

(WA plus ALUCIN) ASA - WA 

(WA plus ALUCIN) ASL - WA 

(WA plus ALUCIN, XWA) LCIA - (WA, XWA) 

(WA plus ALUCIN, XWAI LCIA - (WA, XWA) 

(WA plus ALUCIN, XWRI LSA - (WA, XWA) 

(WA plus ALUCIN, XWA).LSL- (WA, XWRI 

(WA plus ALUCIN, XWA) ACIA - (WR, XWR) 

(WA plus ALUCIN, XWA) ACIA - (WA, XWRI 

(WA plus ALUCIN, XWA) ASA - (WA,XWA) 

(WA plus ALUCIN, XWA) ASL - (WR, XWAI 

(WA plus DIP plus ALUCINI LCIA - WA, XWA 

(WA plus DIP plus ALUCINI ASA - WA, XWA 

(WA plus AF plus ALUCIN) LCIA - WR, XWR 

(WA plus AF plus ALUCIN) ASA - WA, XWA 

NOTE: When PC PRIORITY is low WR ... AOP 

• XWR -AOP 

3.11.3 WR Sourcing of ADR MUX 

OP FORM OP·FIELD 

(See 5.3) OP3-0PO 

Ib LLLL - HHHH 

IVa HLLL 

IVd LLHL 

IVc HLLL 

IVh LLHL 

IV. HLHL 

IV. HLHL 

Vd LLHH 

Vd HLHH 

Vc LLHL 

VI HLHL 

Vb LLLH 

Vb HLLH 

Va LLLL 

V. HLLL 

Vld HHHH 

Vld LHHH 

Vic LHHL 

VII HHHL 

Vlb HHLH 

Vlb LHLH 

Via LHLL 

VI. HHLL 

IVb HLLH 

IVg HLHH 

IVd HLLH 

IVi HLHH 

D·FIELD S·FIELD 

Dl-DO 52-SO 

LH LLL- HHH 

HH LHL 

HH LHL 

HL LLL- HHH 

HL LLL- HHH 

HL XXX 

HH LHL 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH HLH 

HH LHL 

HH LHL 

HL LLL-HHH 

HL LLL .... HHH 

The resident operation directs the WR to source the AOP via the ADR multiplexer during 427 of the 459 possible 
unique operations. In the cases of operation form·type Ic and Id (see Table 27) which represent the remaining 32 of 
the 459 possible unique operations, the resident operation directs the XWR to source the AOP via the ADR. When the 
PC PRIORITY input is at a high·logic level, resident operation direction of the ADR multiplexer is overridden 
allowing the PC to source the AOP. 

3.12 EXTENDED WORKING REGISTER (XWRI 

3.12.1 XWR General Description 

14 

The 4·bit extended working register (XWRI is a D·type edge·triggered register which functions as 1) an accumulator 
during address derivations and 21 a WR extension during operations where double·length operands are presentl 



accumulated (iterative non-restoring divide, double-precision shifts/circulates, iterative multiply, etc.). The XWR 
sources 1) the ALU via the B multiplexer, 2) the AOP via the ADR multiplexer, or 3) itself shifted right or left via the 
XWR multiplexer. The XWR is a destination via the XWR multiplexer for either the DOB or the XWR, itself, shifted 
right or left. 

3.12.2 XWR Source/Destination Operands 

Extended working register source and destination operands are listed in Tables 9 and 10 respectively. 

TABLE 9 

EXTENDED WORKING REGISTER SOURCE OPERANDS 

OPFORM OP-FIELD D-FIELD S-FIELD 
OPERATION 

(See 5.31 OP3-0PO 01 -DO S2-S0 

XWR ALU DIP -. DOP Ih LLLL- HHHH HH HHH 

XWR ALU DIP - WR Ie LLLL- HHHH HH LHH 

XWR ALU DIP - XWR 19 LLLL- HHHH HH HHL 

XWR plus ALUCIN - DOP III HHHL HH LHL 

XWR plus ALUCIN -. RF IIj HHHL HL LLL- HHH 

XWR plus DIP plus ALUCIN - WR Ilk HHLL HH LHL 

XWR plus DIP plus ALUCIN - XWR III HHLH HH LHL 

XWR plus RF plus ALUCIN - WR lie HHLL HL LLL- HHH 

NOTE: When PC PRIORITY is low WR - AOP 

TABLE 10 

WORKING REGISTER DESTINATION OPERANDS 

OPFORM OP FIELD D-FIELD S-FIELD 
OPERATION 

(See 5.31 OP3- OPO 01 - DO '-52-S0 

DIP ALU XWR - XWR 19 LLLL- HHHH HH HHL 

WR ALU DIP - XWR If LLLL- HHHH HH HLL 

(WR minus DIP minus 1 plus ALUCIN, XWRI LCIR - WR, XWR IV. HLLL HH LHL 

(WR minus DIP minus 1 plus ALUCIN, XWRI RSA - WR, XWR IVI LLHL HH LHL 

(WR minus RF minus 1 plus ALUCIN, XWRI LCIR - WR. XWR IVc HLLL HL LLL- HHH 

(WR minus RF minus 1 plus ALUCIN, XWRI RSA WR, XWR IVh LLHL HL LLL- HHH 

IWR plus ALUCINI RSA - WR, XWR IVe HLHL HL XXX 

(WR plus ALUCINI RSA - WR, XWR IVe HLHL HH LHL 

(WR plus ALUCIN, XWRI LCIR - (WR. XWRI Vld HHHH HH HLH 

(WR plus ALUCIN, XWRI LCIR - (WR, XWRI Vld LHHH HH HLH 

(WR plus ALUCIN. XWRI LSA - (WR. XWRI Vic LHHL HH HLH 

(WR plus ALUCIN, XWRI LSL - (WR, XWRI VII HHHL HH HLH 

(WR plus ALUCIN, XWRI RCIR - (WR, XWRI Vlb HHLH HH HLH 

(WR plus ALUCIN. XWRI RCIR - (WR, XWRI Vlb LHLH HH HLH 

(WR plus ALUCIN, XWRI RSA - (WR, XWRI VI. LHLL HH HLH 

(WR plus ALUCIN, XWRI RSL - (WR. XWRI Vie HHLL HH HLH 

WR plus DIP plus ALUCIN - XWR IIh' LLHH HH LHL 

(WR plus DIP plus ALUCINI LCIR - WR, XWR IVb HLLH HH LHL 

(WR plus DIP plus ALUCINI RSA - WR, XWR IVg HLHH HH LHL 

WR plus RF plus ALUCIN - XWR II. LLHH HL LLL- HHH 

(WR plus RF plus ALUCINI LCIR - WR, XWR IVd HLLH HL LLL- HHH 

(WR plus RF plus ALUCINI RSA - WR, XWR IVi HLHH HL LLL-HHH 

DIP plus XWR plus ALUCIN - XWR Ilk HHLH HH LHL 

DIP-XWR IIle LLLH HH LHL 

NOTE: When PC PRIORITY is low WR - AOP 
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When the XWR is used as a destination, the source data is recognized only when a low·level condition exists at the 
clock input. As shown in Figure 5, the source data can change during the low·level clock condition as long as the setup 
time prior to the low·to·high transition of the clock input is satisfied. 

3.12.3 XWR Sourcing of ADR MUX 

Operation form·type Ic and Id (see Table 27) represent 32 of the 459 possible unique operations. During these 
operations the resident operation directs the XWR to source the AOP via the ADR multiplexer. During the remaining 
427 of the 459 possible operations, the resident operation directs the WR to source the AOP via the ADR multiplexer, 
When the PC PRIORITY input is at a high·logic level, resident operation direction of the ADR multiplexer is 
overridden allowing the PC to source the AOP. 

3.13 DATA·OUT MULTIPLEXER (DO MUX) 

3.13.1 DO MUX Gener.1 Description 
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The data· out multiplexer (DO MUX) is a multi·port, special purpose multiplexer which provides scaled shifting of the 
ALU output, and direct transfer of the A bus to the data·out bus, bypassing the ALU. The output port of the DO 
MUX provides, in accordance with Table 11, ALU output data not shifted, ALU output data shifted right one bit 
position, ALU output data shifted left one bit position, and A bus data not shifted. Control for the DO MUX is 
provided by the resident operation in conjunction with the relative position control. 

TABLE" 
DO MUX TRANSFERS 

OPERATION TYPE 
DO MUX OUTPUT 

3 2 1 0 

CI ~ RIGHT SHIFT ARITHMETIC WRLFT ALU3 ALU2 ALUI 
Z 

~ RIGHT SHIFT LOGICAL WRLFT ALU3 ALU2 ALUI C 
III 1/1 RIGHT CIRCULATE WRLFT ALU3 ALU2 ALUI 
I- !; ! c z - ALU OUT BUS- DATA·OUT BUS ALU3 ALU2 ALU1 ALUO 
is CI I-

A BUS - DATA·OUT BUS ABUS3 ABUS2 ABUS1 ABUSO III 
iii ~ I LEFT SHIFT ARITHMETIC ALU2 ALU1 ALUO WRRT 

III i LEFT SHIFT LOGICAL ALU2 ALU1 ALUO WRRT I- III 
! ... 

LEFT CIRCULATE ALU2 ALU1 ALUO WRRT 

RIGHT SHIFT ARITHMETIC WR3 ALU3 ALU2 ALU1 !i _ 
RIGHT SHIFT LOGICAL WRLFT ALU3 ALU2 ALU1 

~ . RIGHT CIRCULATE WRLFT ALU3 ALU2 ALU1 
11.-

ALU3 ALU1 ALUO z ! ALU OUT BUS - DATA·OUT BUS ALU2 

!!! j:: A BUS - DATA·OUT BUS ABUS3 ABUS2 ABUS1 ABUSO 1/1 _ 

LEFT SHIFT ARITHMETIC ALU2 ALU1 ALUO WRRT i ~ LEFT SHIFT LOGICAL ALU2 ALU1 ALUO WRRT 

LEFT CIRCULATE ALU2 ALU1 ALUO WRRT 



3.13.2 DO MUX Shift Accommodations 

Special bidirectional shift accommodations are provided to or from each end of the DO MUX to facilitate 
interpackage data shifts in expanded word length systems. The direction of these shift accommodations is selected by 
the resident operation. Bit 3 (MSB) of the DO MUX for each processor element receives interpackage right shift data 
and transmits interpackage left shift data via the bidirectional shift accommodation WIIT'F'T'; bit 0 (LSB) receives 
interpackage left shift data and transmits interpackage right shift data via the bidirectional shift accommodation 
WR'FrT. Both ~ and WFfA'T, low·active signals at the package terminals, become WRLFT and WRRT, 
respectively, high·active signals within the processor element. 

3.14 DATA·OUT I·MULTIPLEXER (DO IMUX) 

The data-out I-multiplexer (DO IMUX) is a special purpose multiplexer which outputs, in accordance with Table 12, 
appropriate left-shift data via the bidirectional shift accommodation WRLFT. Control for the DO IMUX is provided 
by the resident operation in conjunction with the relative position control. 

We 
... III 
CD Z 
~ CI 0_ 
Q In 

TABLE 12 

DO IMUX TRANSFERS TO WRLFT 

OPERATION TYPE 

LEFT SHIFT ARITHMETIC 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 

LEFT SHIFT ARITHMETIC 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 

LEFT SHIFT ARITHMETIC 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 

LEFT SHIFT ARITHMETIC 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 

DO IMUX OUTPUT 

TOWRm 

HIGH 

HIGH 

lmJJ 

17 



3.15 DATA·OUT J-MUL TIPLEXER (DO JMUXI 

The data·out J·multiplexer (DO JMUX) is a special purpose multiplexer which outputs, as per Table 13, appropriate 
right shift data via the bidirectional shift accommodation WFrnT. Control for the DO JMUX is provided by the 
resident operation in conjunction with the relative position control. 

TABLE 13 

DO JMUX TRANSFERS TO WRRT 

OPERATION TYPE 

RIGHT SHIFT ARITHMETIC 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

RIGHT SHIFT ARITHMETIC 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

RIGHT SHIFT ARITHMETIC 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

DO JMUX OUTPUT 

TOWiiRT 

HIGH 

HIGH 

ALUO 

HIGH 

HIGH 

XWRO 

3.16 EXTENDED WORKING REGISTER MULTIPLEXER (XWR MUXI 

3.16.1 XWR MUX General Description 

The extended working register multiplexer (XWR MUXI is a multi·port, special purpose multiplexer which provides 
scaled shifting of the XWR outputs and direct transfer of the data-out bus to the XWR input. The output port of the 
XWR MUX provides, in accordance with Table 14, XWR output data shifted left one bit position, XWR output data 
shifted right one bit position, and data-out bus data not shifted. The XWR MUX also sources the XWR MSB/LSB 
output. Under control of the relative position inputs, in the MSP the XWR MUX MSB (Bit 31 is available at the XWR 
MSB output and in the LSP the XWR MUX LSB (Bit 01 is available at the XWR LSB output. Control for the XWR 
MUX is provided by the resident operation in conjunction with the relative pOSition control. 

3.16.2 XWR MUX Shift Accommodations 

18 

Special bidirectional shift accommodations are provided to or from each end of the XWR MUX to facilitate 
interpackage data shifts when the processor element is used in expanded word length systems. Bit 3 (MSBI or bit 2 of 
the XWR MUX is selected by the resident operation in conjunction with the relative position control to receive 
double·precision interpackage right shift data or transmit double-precision interpackage left shift data via the 
bidirectional shift accommodation XWRLFT; bit 0 (LSBI receives double-precision interpackage left shift data and 



TABLE 14 

XWR MUX TRANSFERS 

OPERATION TYPE 

(OOUBLE·PRECISION) 

RIGHT SHIFT ARITHMETIC SINGLE·SIGNED 

RIGHT SHIFT ARITHMETIC DOUBLE·SIGNED 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

DATA·OUT·BUS - XWR 

LEFT SHIFT ARITHMETIC SINGLE·SIGNED 

LEFT SHIFT ARITHMETIC DOUBLE·SIGNED 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 

RIGHT SHIFT ARITHMETIC SINGLE·SIGNED 

RIGHT SHIFT ARITHMETIC DOUBLE·SIGNED 

RIGHT SHIFT LOGICAL 

RIGHT CIRCULATE 

DATA·OUT·BUS - XWR 

LEFT SHIFT ARITHMETIC SINGLE·SIGNED 

LEFT SHIFT ARITHMETIC DOUBI. E·SIGNED 

LEFT SHIFT LOGICAL 

LEFT CIRCULATE 

3 

XWRLFT 

XWR3 

XWRLFT 

XWRLFT 

DOB3 

XWR2 

ALU2 

XWR2 

XWR2 

XWRLFT 

XWRLFT 

XWRLFT 

XWRLFT 

DOB3 

XWR2 

XWR2 

XWR2 

XWR2 

XWR MUX OUTPUT 

2 1 

XWR3 

XWRLFT 

XWR3 

XWR3 

DOB2 

XWRI 

XWRI 

XWR1 

XWRI 

XWR3 

XWR3 

XWR3 

XWR3 

DOB2 

XWRI 

XWRI 

XWRI 

XWRI 

XWR2 

XWR2 

XWR2 

XWR2 

DOBI 

XWRO 

XWRO 

XWRO 

XWRO 

XWR2 

XWR2 

XWR2 

XWR2 

DOBI 

XWRO 

XWRO 

XWRO 

XWRO 

o 

XWR1 

XWR1 

XWRI 

XWR1 

DOBO 

XWRRT 

XWRRT 

XWRRT 

XWRRT 

XWR1 

XWR1 

XWRI 

XWR1 

DOBO 

XWRRT 

XWRRT 

XWRRT 

XWRRT 

transmits interpackage right shift data via the bidirectional shift accommodation XWRRT. Both XWRLFT and 
XWRRT, low·active signals at the package terminals, become XWRLFT and XWRRT, respectively, high·active signals 
within the processor element. 

3.17 EXTENDED WORKING REGISTER K·MUL TIPLEXER (XWR KMUX) 

The extended working register K·multiplexer (XWR KMUX) is a special purpose multiplexer which outputs, in 

accordance with Table 15, appropriate double·precision left·shift data via the bidirectional shift accommodation 
XWRLFT. Control for the XWR KMUX is provided by the resident operation in conjunction with the relative position 

control. 

TABLE 15 

XWR KMUX TRANSFERS TO XWRLFT 

OPERATION TYPE XWR KMUX OUTPUT 

(DOUBLE·PRECISION) TOXWRLFT 

I-
XWR3 z Ii: w II) LEFT SHIFT ARITHMETIC SINGLE·SIGNED .:. e( w I- Z 

~ 
U l- e( 0 

~ 
LEFT SHIFT ARITHMETIC DOUBLE·SIGNED XWR3 

ii: ~ is i= 
XWR3 w Z w iii LEFT SHIFT LOGICAL ... a: :::;; 0 CI 0 "- LEFT CIRCULATE XWR3 

iii 

I-
Z Z LEFT SHIFT ARITHMETIC SINGLE·SIGNED HIGH 

~ 
e( 0 u i= LEFT SHIFT ARITHMETIC DOUBLE·SIGNED HIGH 
ii: 

:::;; Z iii LEFT SHIFT LOGICAL HIGH 0 
CI "- LEFT CIRCULATE ALU3 
iii 
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3.18 EXTENDED WORKING REGISTER L MULTIPLEXER (XWR LMUX) 

.:. 
1/1 
0 
:Ii! 

The extended working register L multiplexer (XWR LMUX) is a special purpose multiplexer which outputs, in 
accordance with Table 16. appropriate double'precision right shift data via the bidirectional shift accommodation 
XWRRT. Control for the XWR LMUX is provided by the resident operation in conjunction with the relative position 
control. 

TABLE 16 

XWR LMUX TRANSFERS TO XWiiiiT 

OPERATION TYPE XWR LMUX OUTPUT 

(DOUBLE·PRECISION) TO llWRiff 

i 
! RIGHT SHIFT ARITHMETIC SINGLE-SIGNED XWRO 
~ 

~ 1/1 RIGHT SHIFT ARITHMETIC DOUBLE-SIGNED XWRO Z w Z c w ~ 0 RIGHT SHIFT LOGICAL XWRO IJ ~ C 
~ ~ iL ~ is RIGHT CIRCULATE XWRO 

i II: w iii 
:Ii! 0 

CI 0 ... 
iii 

~ 
RIGHT SHIFT ARITHMETIC SINGLE-SIGNED ALUO Z Z .:. c 0 - RIGHT SHIFT ARITHMETIC DOUBLE-SIGNED ALUO 1/1 IJ - ... c iL ~ 1/1 
RIGHT SHIFT LOGICAL ALUO w i ~= .... 

ALUO CI ... RIGHT CIRCULATE 
iii 

3.19 WORKING REGISTER MULTIPLEXER (WR MUX) 

The working register multiplexer (WR MUX) is a multi-port multiplexer which, under control of the resident 
operation. selects either data-in port data or data-out bus data for direct transfer to the WR. 

4. SHIFT/CIRCULATE OPERATIONS 

The SBP0400A and the SBP0401A uses the DO MUX in conjunction with the DO IMUX and DO JMUX to 
accomplish single-bit WR shift/circulate operations; the XWR MUX in conjunction with the XWR KMUX and XWR 
LMUX to accomplish single-bit XWR shift/circulate operations. While single-precision shift/circulate operatiGnl' 
involve the WR only, double-precision shift/circulate operations involve the WR in conjunction with the XWR. The 
standard operation set does not include single-precision XWR shift/circulate operations. 

4.1 WR SINGLE-PRECISION SHIFTS/CIRCULATES 

20 

WR single-precision shift/circulate operations are directed by the resident operation with expanded wordlength "end", 
conditions handled by the relative position controls. These single-precision operations may best be represented by the 
generalized symbol: 

(WR plus ALUCIN) SHIFTED/CIRCULATED'" WR 

Within a single microcycle (1 clock period), each of six possible WR single'precision shift/circulate operations it, 
capable of 1) asynchronously summing the WR with the ALUCIN input, then 2) asynchronously shifting/circullti",: 
the sum one bit position to the right/left. and finally 3) synchronously storing the shifted/circulated result back into 
the WR. The six WR single-precision shift/circulate possibilities. with data flow paths for expanded wordlengths,"'; 
listed in Table 17. 



TABLE 17 

WR SINGLE-PRECISION SHIFTS/CIRCULATES 

EXPANDED "". SHIFTICIRCULATE SHIFT/CIRCULATE WORDLENGTH FORM OP·FIELO O·FIELD S-FIELD 

OPERATION fUNCTION DATA FLOW 1500 5.31 01'3 - OPO 01-DO S2-SO 
PATHS 

IWR plu. ALUCINI RSL - WR RIGHT -SHIFT·LOGICAL IRSLI Figure 8 V. HLLL HH HLH 

IWR pi .. ALUCINI LSL - WR LEFT-SHIFT·LOGICAL (LeLI Figure 9 VI HLHL HH HLH 

IWR plUi ALUCINI RSA - WR RIGHT-SHIFT·ARITHMETIC (RSAI Figure 10 V. lLLL HH HLH 

IWR pi ... ALUCINI LSA - WR LEFT-SHIFT·ARITHMETIC ILSAI Figure 11 Vc LLHL HH HLH 

twA 1'1'" ALUCIN) RCIR - WR RIGHT-CIRCULATE (RCIRI Figure 12 Vb LLlH HH HLH 

IWRplu.ALUCINI LCIR-WR LEFT-CIRCULATE (LCIAI Figure 13 Vd LLHH HH HLH 

4.1.1 (WR Plus ALUCIN) RSL -+ WR 

The WR single-precision logical right-shift operation, shown in Figure 8, displaces the entire contents of the WR one 
bit position to the right. In an expanded wordlength system, a logic-level low is automatically right-shifted into the 
WR's most-significant-bit(MSB) of the most-significant-package (MSP) as the WR's contents are displaced to the right. 
This logic-level low, sourced by the least-significant-package (LSP), exits the LSP via the bidirectional shift 
accommodation Iiiffilfr and enters the MSP via the bidirectional shift accommodation WRLFT. During each WR RSL 
operation, the WR's displaced LSB of the LSP is discarded. 

'0400A1'0401 A 'OCOOAI'0401 A '04OOAI'0401 A r---------, 
I WR I 

LOGIC.LEVEL I I 
HIGH I WRLFT I +. 0+ I + WAAT I 

WRLFTI.!. 11 '0 9 B I 
I LOGIC·LEVEL I 

I LOW MSP I L _________ J 

r---------, 
I WR I 
I I 
I WALFT WRRT I 7+8+5+4 I 

I I 
I IP I L _________ J 

r-- - --- ---, 
I WR LOGIC·LEVEL I 
I LOW I LOGIC.LEVEL 

: WALFT I 3 + ' + ' + 0 t ~ ::;,. 
I ~ I 
I LSP 2i I L _________ J 

NOTE: WART. WRLFT. ARE HIGH-ACTIVE INTRA-PACKAGE AND LOW-ACTIVE !INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 8 - RIGHT SHIFT LOGICAL - SINGLE PRECISION (RSL - SP) 

4.1.2 (WR Plus ALUCIN) LSL -+ WR 

The WR single-precision logical left-shift operation, shown in Figure 9, displaces the entire contents of the WR one bit 
position to the left. In an expanded wordlength system, a logic-level low is automatically left-shifted into the WR's 
LSB of the LSP as the WR's contents are displaced to the left. This logic-level low, sourced by the MSP, exits the MSP 
via the bidirectional shift accommodation WRo:T and enters the LSP via the bidirectional shift accommodation 
WRRT. During each WR LSL operation, the WR's displaced MSB of the MSP is discarded. 

'0400A1'040' A 
r--- -WA-- ---, 

I LOGIC·LEVEL I 
I LOW 

LOGIC-LEVE L I 0 I 
HIGH IIIRmI ~~"f'0+9+ B l.wART

: 

I 1;l I 
I 2i MSP I L _________ J 

'OCOOAI'0401 A r---------, 
I WR I 
I I 
: WALFT I 7 + 8 + .+ . I.WART : 

I I 
I IP I L _________ J 

'(M()QAI'OC01 A r---------, 
I WR I 
I I LOGIC·LEVEL 
I WALFT , ...L • ...L ,...L WAAT I H'GH 
I 3,',',0 IWIIlIT 
I ~~C'LEtELI 
I LSP I L _________ J 

~E: WART, WRLFT, ARE HIGH-ACTIVE INTRA-PACKAGE ANO LOW-ACTIVE (INVERSE POLARITY) INTER-PACKAGE. 

FIGURE 9 - LEFT SHIFT LOGICAL - SINGLE PRECISION (LSL - SP) 
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4.1.3 (WR PlusALUCINI RSA"'WR 

The WR single'precision arithmetic right·shift operation, shown in Figure 10, displaces the entire contents of the WR 
one bit position to the right. The MSB of the MSP is designated as a sign-bit. As the entire contents of the WR is 
displaced to the right, the sign-bit does not change. Rather the sign-bit is duplicated to the right. The displaced LSB of 
the LSP exits the LSP via the bidirectional shift accommodation WR RT. 

'04OOAI'0401 A '0400A/'04D1A '04OOAI'Q401 A 

r---------, 
I WR I 
I I 
I WRRTI 

,---------, 
I WR I 
I I 
I WRLFT WART I 

,---------, 
I WA I 
I I 
I WALFT WRRT I 

WIim I I I I WRWf 
I I I I I I 

Ls~'~ _ ~s~ ____ J I IP I L _________ J I lSP I L _________ J 

NOTE: WRRT. WRLFl. ARE HIGH·ACTIVE INTRA·PACKAGE AND l.OW·ACTlve !INVERSE POLARITY I INTER-PACKAGE. 

FIGURE 10 - RIGHT SHIFT ARITHMETIC - SINGLE PRECISION (RSA - SPI 

4.1_4 (WR Plus ALUCINI LSA'" WR 

The WR single-precision arithmetic left-shift operation, shown in Figure 11, is functionally identical to the WR 
single'precision logical left-shift operation. The WR's MSB of the MSP, although designated as a sign·bit, is discarded 
as the entire contents of the WR is displaced one bit position to the left. As each WR LSA operation is performed, the 
BMSB output (WR- sign bitl may be compared to the MSB of the MSP's DOP (data displacing into WR sign bitl t~ 
detect an impending change in WR sign-bit polarity. 

'04QOA/'0401 A 

r~- - -WR- - ---, 

I LOGIC·LEVEL I 
I LOW 

LOGIC-LEVEL I Iil WRRT i 
HIGH WiimI ~i'foO+9+81' I 

I l!l I 
I " I 
L ~N.:!'T_ ~S~ ____ J 

'0400AI'0401A ,---------, 
I WA I 
I I 
I WRLFT + f I WRRT I 
I l'i 6 • 4. I 
I I 
I IP I L _________ J 

'04OOAI'0401A ,-- - --- ---, 
I WA I 
I 
I WRLFT 

I IWMT 

I lOGIC-LEVEL I 
I LOW I 
L ____ l~ ____ J 

NOTE: WART, WRLFT, ARE HIGH-ACTIVE INTRA·PACKAGE AND lOW·ACTIVE (INVERSE POLARITYI INTER·PACKAGE. 

FIGURE" - lEFT SHIFT ARITHMETIC - SINGLE PRECISION (lSA - SPI 

4.1.5 (WR Plus ALUCINI RCIR ... WR 
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The WR single'precision right·circulate operation, shown in Figure 12, displaces the entire contents of the WR one bit 
position to the right. The displaced LSB of the LSP replaces the displaced MSB of the MSP. The displaced LSB of the 
LSP exits the LSP via the bidirectional shift accommodation WR RT and enters the MSP via the bidirectional shift 
accommodation WIfLFT. 

'0400A:'Q401A 'Q400AF040 1 A '0400AI'0401A 

r---------, 
I WA I 
I I 
IWRLFT WRRT I 

WRLFTI 00-+'0+" + 8 I 

,---------, 
I WA I 
I I 
I WRLFT WART I 

'+6+"+4 I 

,---------, 
I WR I 
I I 
I WRLFT WART I 
I 3 + 2 + I + 0 I WRRT 

I I I I I I 
I MSP I l __________ J I IP I L _________ J I lSP I L _________ J 

NOTE: WRRT, WRLFT, ARE HIGH·ACTlVe INTRA·PACKAGE AND LOW·ACTIVE IINVERSE POLARITY) INTER·PACKAGE 

FIGURE 12 - RIGHT CIRCULATE - SINGLE PRECISION (RCIR - SPI 



(WR Plus ALUCINI LCIR -+ WR 

The WR single'precision left·circulate operation, shown in Figure 13, displaces the entire contents of the WR one bit 
position to the left. The displaced MSB of the MSP replaces the displaced LSB of the LSP. The displaced MSB of the 
MSP exits the MSP via the bidirectional shift accommodation W'R'rn and enters the LSP via its bidirectional shift 
accommodation W'FrRT. 

'0400AI'0401 A '0400AI'0401 A '0400AI'0401 A r---------, 
I WR I 
I I 
IWRLFT WRRT I 

WALFTI 1~1~!± 8 I 

r---------, 
I WR I 
I I 
I WRLFT WRRT I 7+6+5+4 I 

r---------, 
I WR I 
I I 
I WRLFT WRRT I 
I 3 ~ 2~ 1 + 0 I WRRT 

I I I I I I 
I MSP I L _____ . _____ J I IP I L _________ J I LSP I L _________ J 

NOTE: WART. WRLFT. ARE HIGH·ACTIVE INTRA·PACKAGE AND LOW·ACTIVE IINVERSE POLARITVI INTER.pACKAGE. 

FIGURE 13 - LEFT CIRCULATE - SINGLE PRECISION (LCIR - SPI 

4.2 WR,XWR DOUBLE·PRECISION SHIFTS/CIRCULATES 

WR,XWR double'precision shift/circulate operations are directed by the resident operation with expanded wordlength 
"end" conditions handled by the relative position controls. The double·precision shift/circulate operations may best 
be represented by the generalized symbol: 

(WR plus ALUCIN, XWRI SHIFTED/CIRCULATED -+ WR,XWR 

Within a single microcycle, each of eight possible WR,XWR double·precision shift/circulate operations is capable of 11 
.ynchronously summing the WR with the ALUCIN input, then 21 asynchronously double'precision shifting/ 
circulating the sum with the WR and XWR considered as one double·length register, and finally 31 synchronously 
storing the shifted/circulated result into the double-length register formed by WR in conjunction with the XWR. The 
eight WR,XWR double'precision shift/circulate possibilities, with data flow paths for expanded wordlengths, are listed 
in Table 18. 

TABLE 18 

WR. XWR DOUBLE·PRECISION SHIFTS/CIRCULATES 

EXPANDED 
01'. 

IHIFTICIRCULATE SHIFT/CIRCULATE WOADLENOTH OI'·FIELD D·FIELD I·FIELD 
FORM 

OPERATION FUNCTION DATA FLOW OP3 - 01'0 01 - DO 82 - so 
PATHS ' ... 1.31 

CWA ph •• ALUCIN. XWR) RSL - WR, XWA RIGHT·SHIFT·LOGICAL (ASU Figur.14 VI. HHLL HH HLH 
IWA plu. ALUe'N, XWAI'LSL - WR. XWR LEFT·SHIFT·LOGICAL (LSL) Figur.l& VII HHHl HH HLH 

twA plul ALUCIN. XWR) RSA - WR. XWR RIGHT·SHIFT·ARITHMETIC (RSAI Figure 16. 11 VI. LHLL HH HLH 
twA plu. ALUCIN. XWR) LSA - WR. XWR LEFT-5HIFT·AAITHMETIC (LSA) Figur.l., 19 Vic LHHL HH HLH 

CWR plul ALUCIN. XWR) RCIR - WR. XWR RIGHT-CIRCULATE'RCIRI FilU,e20 VI. LHLH HH HLH 
tw .. plul ALUCIN. XWR) LCIR ... WR. XWA LEFT-CIRCULATE ILeIR) Figur.21 VI3 LHHH HH HLH 
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4.2.1 (WR Plus ALUCIN, XWR) RSL -+ WR,XWR 

The WR,XWR double-precision logical right-shift operation, shown in Figure 14, displaces the entire contents of the 
double-length register, formed by the WR in conjunction with the XWR, one bit position to the right. In an expanded 
wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation 
~ and enters the XWR's MSB of the MSP via the bidirectional shift accommodation XWRLFT. A logic-level 
low is automatically right-shifted into the WR's MSB of the MSP. This logic-level low, sourced by the LSP, exiU the 
LSP via the bidirectional shift accommodation WRlfr and enters the MSP via the bidirectional shift accommodation 
WRLFT. During each WR,XWR RSL operation, the XWR's displaced LSB of the LSP is discarded. 

'CMOOAr0401 A '0400Ar04OIA '04OOA/'04OIA r---------, 
I WR I 

WRLFT WIIRT I 

r--------i 
I WR I 

I'lIfO!T I WRLFT WRRT I 

r - - - - - loGiC'LEvELI 
I WRLOW I 
I WIILFT I WiiRT 

LOGIC·LEVEL I I I 4 I I 3 

HIGH I ~~:;ICLEVEL I I I I 
I XWR I I XWR I I 

IXWRLFl: XWRRT I 

I 4 I 
IXWRLFT 11 8 XWRRTI 

~I I 
I MSP I L ________ ..J I IP I L ________ --1 

NOTE: WRRT. WRLFT. XWRRT. XWRLFT ARE HIGH·ACTIVE INTRA.pACKAGE AND LOW-ACTIYE UNYERSE POLARITYIINTER.pACKAGE. 

FIGURE 14 - RIGHT SHIFT LOGICAL - DOUBLE PRECISION (RSL - DP) 

4.2.2 (WR Plus ALUCIN, XWR) LSL -+ WR,XWR 
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The WR,XWR double-precision logical left-shift operation, shown in Figure 15, displaces the entire contents of the 
double length register, formed by the WR in conjunction with the XWR, one bit position to the left. In an expanded 
word length system, the XWR's displaced MSB of the MSP exits the MSP via the bidirectional shift accommodation 
WRLFT and enters WR's LSB of the LSP via the bidirectional shift accommodation WRlfr. A logic-level low il 
automatically left-shifted into the XWR's LSB of the LSP. This logic-level low, sourced by the MSP, exiU the MSP vii 
the bidirectional shift accommodation ~ and enters the LSP via the bidirectional shift accommodation 
WRlIT. During each WR,XWR LSL operation, the WR's displaced MSB is discarded. 

'0400Ar04OIA r---------, 
I WR I 

WRLFT 4 WRRT I 

I I 
I I 
I XWR I 
IXWRLFT XWRRT I 

I 4 I 
I IP I L ________ --1 

'04OOAr0401 A r---------, 
I WR I 
I WRLFT WART I 

I WiiiiT 
I 

XWR I 
IXWRLFT XWRRT I ~l'oC::C.LEYIL 

I I~ 
I LSP ~g~C-LEYELI L ________ ...J 

NOTE: WRRT. WRLFT. XWIIRT. XWALFT ARE HIGH·ACTIYE INTRA·PACKAGE AND LOW·ACTIVE (INVERSE POLARITVIINTER.pACKAGE. 

FIGURE 111 - LEFT SHIFT LOGICAL - DOUBLE PRECISION (LSL - DP) 



4.2.3 IWR Plus ALUCIN, XWRI RSA ... WR,XWR 

The WR,XWR double'precision arithmetic right·shift operations, shown in Figures 16 and 17, displace the entire 
contents of the double·length register, formed by the WR in conjunction with the XWR, one bit position to the right. 
In an expanded wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift 
accommodation ~ and enters either the XWR's MSB or MSB·minus·l of the MSP Isee 4.2.3.1 and 4.2.3.21. The 
polarity of the MSP's relative position control input PO SO selects between single'signed and double·signed 
double·precision arithmetic right·shift operations. 

4.2.3.1 Single·Signed Double-Precision RSA (MSP POSO=H) 

For the single'signed WR,XWR double'precision right·shift operation, shown in Figure 16, the WR's MSB of the MSP 
only is designated as a sign· bit. As the entire contents of the WR,XWR is displaced one bit position to the right, the 
sign·bit does not change. Rather, the sign· bit is duplicated to the right. The WR's displaced LSB of the LSP exits the 
LSP via the bidirectional shift accommodation 5CWRlfr and enters the XWR's MSB of the MSP via the bidirectional 
shift accommodation ~. The XWR's displaced LSB of the LSP is discarded. 

I 
I 
I XWR 

'04OOAI'0401 A r---------, 
I WR I 
I WALFT I 

3 
I I 
I c I 
I XWR:!I I 

IXWALF1: 

I 
II: I 

I i 1iWA'RT 
I IP I L ________ -.J I LSP XWAAT I L ________ -J 

NOTE: WAAT, WALFT, XWAAT, XWALFT AAE HIGH·ACTIVE INTAA·PACKAGE ANO LOW·ACTIVE tlNVEASE POLAAITVIINTEA.pACKAGE. 

FIGURE 18 - RIGHT 8HI FT ARITHMETIC - SINGLE SIGN/DOUBLE PRECISION (RBA - 88/OPI 

4.2,3,2 Double·Signed Double·Precision RSA (MSP POSO=L) 

For the double'signed WR,XWR double'precision right·shift operation, shown in Figure 17, both the WR's and XWR's 
MSB of the MSP are designated as a sign·bit, As the entire contents of the WR,XWR is displaced one bit position to 
the right, the sign·bits do not change. Rather, the WR's sign,bit is duplicated to the right while the XWR's sign·bit is 
held stationary. The WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation ~ 
and enters the XWR's MSB·minus·l of the MSP via the bidirectional shift accommodation XWRlFT, The XWR's 
displaced LSB of the LSP is discarded. 

'0400AI'0401 A r---------, 
I WR I 
I WAAT I 

I I 
I 
I 

'0400AI'0401A r---------, 
I I 

WALFT 4 WAAT I 

I I 
I I 
I XWR I 

'0400AI'0401 A r---------, 
I WR I 
I WALFT I 

3 I 

I 
c 

XWR :!I I 
XWAATI 

I I 

L~~T_~s~ ___ J 
IXWALFT XWAATI 

I 4 I 
I IP I 

IXWALFT ~ I 

I 3 ~ ~I~X=W=AA=T~ 
I LSP XWAAT I L ________ -.J L ________ .:.J 

NOTE: WAAT, WALFT, XWAAT, XWALFT AAE HIGH·ACTIVE INTAA·PACKAGE ANO LOW·ACTIVE tlNVEASE POLAAITVIINTEA.pACKAGE. 

FIGURE 17 - RIGHT SHI FT ARITHMETIC - DOUBLE SIGN/DOUBLE PRECISION (RBA - D8IOPI 

26 



4.2.4 (WR Plus ALUCIN, XWR) LSA -+ WR,XWR 

The WR,XWR double'precision arithmetic left·shift operations, shown in Figures 18 and 19, displace the entire 
contents of the double·length register, formed by the WR in conjunction with the XWR, one bit position to the left. 
In an expanded wordlength system, either the XWR's displaced MSB or MSB·minus·l of the MSP exits the MSP via 
the bidirectional shift accommodation WRLl'f and enters the WR's LSB of the LSP via the bidirectional shift 
accommodation W'I1R'f. The polarity of the MSP's relative position control input POSO selects between single-signed 
and double·signed double·precision arithmetic left-shift operations. 

4.2.4.1 Single-Signed Double-Precision LSA (MSP POS(FH) 

The single'signed WR,XWR double-precision arithmetic left-shift operation, shown in Figure 18, is functionally 
identical to the WR,XWR double-precision logical left-shift operation. The WR's MSB of the MSP, although designated 
as a sign-bit, is discarded as the entire contents of the double-length WR,XWR register is displaced one bit position to 
the left. As each WR,XWR LSA operation is performed, the BMSB output (WR sign bit) may be compared to the MSB 
of the MSP's DOP (data displacing into WR sign bit) to detect an impending change in WR sign bit polarity. 

'0400Al'0401 A r----------, 
I WRLFT WR I 
I fil WART I 

'==="" 0 

~ I I 
I I 

'0400A/'0401A ,---------, 
I WR I 
I WRLFT 0 WRRT I 

I WART 
I 13 

I XWR I LOGIC-LEVEL I 
HIGH I XWRRT I 

XWR 
,XWRLFT XWAAT I 

I I ~I I 
IXWRLFT 

I 0 I~ 
I IP I L ________ .-J I LOGIC-LEVEL MSP I 

L:.0~ _______ -.J I LSP ~g~'C-LEVEL I L ________ ....l 

NOTE, WART. WRLFT. XWRRT. XWALFT AAE HIGH-ACTIVE INTAA-PACKAGE ANO LOW-ACTIVE (lNVEASE POLAAITY) INTEA.pACKAGE. 

FIGURE 18 - LEFT SHIFT ARITHMETIC - SINGLE SIGNIDOUBLE PRECISION ILSA - SS/DP) 

4.2.4.2 Double-Signed Double-Precision LSA (MSP POSO=L) 

The double-signed WR,XWR double-precision arithmetic left-shift operation shown in Figure 19 is, with one 
exception, functionally identical to the WR,XWR double-precision left-shift operation. The exception is, the XWR's 
sign-bit is automatically forced to the polarity of the MSP's ALU2 output. As each double-signed double-precision 
LSA operation is performed, the WR's sign-bit is discarded. Consequently the BMSB output (WR sign bit) may be 
compared to the MSB of the MSP's DOP (ALU2 data displacing into WR sign bit) to detect an impending change in 
WR sign bit polarity. 

'0400AI'0401 A '0400A/'0401A 

1"::1 WRLF;- - - - - - - --, 

o WR I 
I ~ WRRT I 

'=W=A=L=FT=-;"-'-1 ~ 

I ~ 
I I 
I I 

,---------, 
I WR I 
I WRLFT WAAT I 

I WART 

I 
I XWR I 
,XWR LFT XWRAT I 

LOGIC-LEVEL II 
HIGH XWRRTI 

XWR 
IXWRLFT 

I I 
I IP I L ________ .-J 

~I I 
I LOGIC-LEVEL MSP I 
L=0~ _______ -.J 

I IXWAAT 
I LSP ~~~'C-LEVELI L ________ ....l 

NOTE, WRRT. WRLFT. XWRAT. XWALFT ARE HIGH-ACTIVE INTAA-PACKAGE AND LOW-ACTIVE IINVERSE POLAAITY) INTER.pACKAGE. 

FIGURE 19 - LEFT SHIFT ARITHMETIC - DOUBLE SIGN/DOUBLE PRECISION IlSA - DS/DP) 
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2.5 (WR Plus ALUCIN, XWR) RCIR ~ WR,XWR 

The WR,XWR double·precision right·circulate operation, shown in Figure 20, displaces the entire contents of the 
double·length register, formed by the WR in conjunction with the XWR, one bit position to the right. In an expanded 
wordlength system, the WR's displaced LSB of the LSP exits the LSP via the bidirectional shift accommodation 
XWRRT and enters the XWR's MSB of the MSP via the bidirectional shift accommodation ~. The XWR's LSB 
of the LSP exits the LSP via the bidirectional shift accommodation WR RT and enters the WR's MSB of the MSP via 
the bidirectional shift accommodation WRLFT. 

·0400AI"0401 A r-------
I 
IWRLFT 

WRmI 
I 
I 

11 

WR 

XWR 
IXWRLFT XWRRT I 

11 8 
wmTTl I 

I MSP I L ________ --1 

·0400AI"0401 A r---------, 
I WR I 

WRLFT 4 WRRT I 

I 
I 

XWR I 
IXWRLFT XWRRT I 
I 4 I 
) IP I L ________ --.J 

·0400AI"0401A r---------, 
I WR I 
I WRLFT 3 r-'-I-==:-, 

I WART 
I 
I 

IXWRLFl: L-....:1,--_..., 
I IXWRRT 

I LSP I L ________ ..J 

NOTE: WRRT. WRLFT. XWRRT. XWRLFT ARE HIGH·ACTIVE INTRA·PACKAGE ANO LOW·ACTIVE (INVERSE POLARITYIINTER-PACKAGE. 

FIGURE 20 - RIGHT CIRCULATE - DOUBLE PRECISION (RCIR - DPI 

2.6 (WR Plus ALUCIN, XWR) LCIR ~ WR,XWR 

The WR,XWR double·precision left·circulate operation, shown in Figure 21, displaces the entire contents of the 
double·length register, formed by the WR in conjunction with the XWR, one bit position to the left. In an expanded 
wordlength system, the WR's displaced MSB of the MSP exits the MSP via the bidirectional shift accommodation 
XWRLFT and enters the XWR's LSB of the LSP via the bidirectional shift accommodation XWRRi. The XWR's MSB 
of the MSP exits the MSP via the bidirectional shift accommodation WRLFT and enters the WR's LSB of the LSP via 
the bidirectional shift accommodation WRRT. 

·0400AI"0401 A r---------, 
I WR I 
I WRRT I 

~==~..., 8 

8 XWRRTI 

WRLFTI I 

I MSP I L ________ --1 

·0400AI"040 1 A 
r---------, 
I WR I 
I WRLFT 4 WRRT I 

I 
I 

I XWR I 
IXWRLFT XWRRT I 

I 4 I 
I IP .1 L ________ --.J 

·04OOAI"0401 A r---------, 
I WR I 
I WRLFT 0 WRRT I 

XWR 

I WRRT 

I 
I 

IXWRLH 0 XWRRT I 

I I~ 
I LSP I L ________ ..J 

NOTE: WRRT. WRLFT. XWRRT. XWRLFT ARE HIGH·ACTIVE INTRA·PACKAGE ANO LOW·ACTIVE (INVERSE POLARITYIINTER-PACKAGE. 

FIGURE 21 - LEFT CIRCULATE - DOUBLE PRECISION (LCIR - DPI 
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4.3 COMPOUND·FUNCTION WR,XWR DOUBLE-PRECISION SHIFTS/CIRCULATES 

Compound-function WR,XWR double-precision shift/circulate operations extend the processing power of the bIsic 
double-precision RSA and LCI R operations to boost systems-level efficiency in the assembly of iterltift 
macro-instructions such as multiply and non-restoring divide. These compound-function shift/circulate operati~ 
directed by the resident operation with expanded wordlength "end" conditions handled by the relative position 
controls, may best be represented by the generalized symbol; 

(WR plus/minus A plus ALUCIN, XWR) RSA/LCIR -+ WR,XWR 
where A is either the DIP or RF 

Within a single microcycle, each of eight possible compound-function WR,XWR double-precision shift/circulate 
operations is capable of 1) asynchronously summing/subtracting either the RF or DIP with/from the WR, then 2) 
asynchronously adding the result to the ALUCIN input, then 3) asynchronously double-precision shifting/circulati", 
(RSA/LCIR) the result with the WR and XWR considered as one double-length register, and finally 4) synchronoully 
storing the shifted/circulated result into the double-length register formed by the WR in conjunction with the XWR. 
The eight compound-function WR,XWR double-precision shift/circulate possibilities, with data flow paths for 
expanded wordlengths, are listed in Table 19. 

SHIFT/CIRCULATE 

OPERATION 

TABLE 19 

COMPOUND-FUNCTION WR, XWR 

DOUBLE-PRECISION SHIFTS/CIRCULATES 

EXPANDED 

SHIFT/CIRCULATE WORDLENGTH 

FUNCTION DATA FLOW 

PATHS 

cp. 

FORM OP-FIELD D·FIELD I·FIELD 

1500 5.31 CPS-CPO D'~DO S3~" 

tWA minus DIP minus 1 plus ALUCIN, XWAI LelA ... WR, XWR LEFT·CIRCULATE (LelA) Figure 21 IV. HLLl HH LHL 
(WR minus AFln) minus 1 plus ALUCIN. XWRI LeIR ..... WR, XWR LEFT-CIRCULATE (LCIAI Figur. 21 IVe HLll HL LLL~NNN 

(WR plus DIP plus ALUCIN, XWRI LelA -. WR, XWR LEFT·CIRCUlATE (LelA) Figur.21 IVb HLLH HH LHL 

IWA plus AFln) plus ALUCIN, XWRI LelA -0 WR. XWR LEFT-CIRCULATE (LCIA) Figure 21 IV. HLLH HL LLL-NNN 

tWR minus DIP minus 1 plus ALUCIN, XWRI RSA - WR, XWR RIGHT-5HIFT·ARITHMETIC IR8AI Figure 16 IV' LlHl HH LHL 

fWR minus RFlnl minus 1 plus ALUCIN, XWRI RSA - WR, XWR RIGHT·SHIFT·ARITHMETIC (RSA) Figure 18 IVh LLHL HL LLL- NNN . 

IWR plus DIP plus ALUCIN, XWRI RSA ... WR, XWR RIGHT-$HIFT·ARITHMETIC IRSAI Figure 16 IVg HlHH HH LHL 

(WR plus RFlnl plus ALUCIN, XWR) RSA· ... WR, XWR RIGHT·SHIFT·ARITHMETIC IASAI Figure 18 IVi HLHH HL Lll ... MMH 

5_ OPERATION SET (MICROINSTRUCTION SET) 

The SBP0400A and SBP0401A are supplied with an identical set of 459 non-redundant standard factory-definllCl 
operations (microinstructions). The only difference between the SBP0400A and the SBP0401A is the presence and 
absence of the operation register (OR); 

2B 

a. The SBP0400A contains a 20-bit operation register. After the 9-bit operation code is applied (and 
setup), the positive-going clock transition causes the resident operation to be stored in the OR_ See 
Figure 5 and microinstruction overlap, paragraph 5.1. 

b. The SBP0401 A, without the OR, derives its resident operation from a steady-state 9-bit code applied It 
the operation select inputs. See Figure 5. 



"1 SBP0400A MICROINSTRUCTION OVERLAP 

Within a single microcycle (1 clock period), anyone of the '0400A's 459 unique operations may be both selected and 
executed. While the "present" microinstruction is directing the '0400A's functional blocks and data paths from the 
OR, the "next" microinstruction may be setup for entry into the OR. As the results of the "present" microinstruction 
are synchronously stored at their appointed destination, the "next" microinstruction simultaneously enters the OR 
where it becomes the "present" microinstruction. This technique of overlapping microinstruction setup with 
microinstruction execution (Figure 5) allows a string of successive microinstructions to be executed, one each, during 
successive microcycles. 

"2 OPERATION-SELECT WORD 

Each of the 459 operations is selected by presenting 9-bits of encoded microinstruction data to the operation-select 
input lines which is then asynchronously decoded/translated by the PLA. In the 5BP0400A this decoded/translated 
microinstruction enters the OR synchronous with the completion of the previous microinstruction (positive transition 
of the clock) to become the resident operation. In the 5BP0401A this decoded/translated microinstruction is 
distributed directly from the 20 outputs of the PLA as the resident operation. 

The 9-bit operation-select word is partitioned, as shown below, into three interacting fields: 1) the 2-bit D-field, 2) the 
4-bit OP-field, and 3) the 3-bit 5-field. 

OPERATION-SELECT WORD 

I OP3 I OP2 I OP1 I OPO I 01 I DO I 52 51 50 

\~--------YY--------~------VT------~) 
OP-FIELD D-FIELD 5-FIELD 

,,2.1 D-Field, Operation-Select Word 

This 2-bit D-field (D1 .... DO) of the operation-select word governs the manner in which the OP-field and 5-field are 
interpreted to specify the operations. Four D-field possibilities exist. They are: LL, LH, HL, and HH. 

112 t, t D-Fiflld = LL 

When the D-field is "LL", the RF and WR, as shown below, are designated as operand sources with the RF also 
designated as the operation-result destination. 

RF AlU WR -- RF ALU: llll -- HHHH l l RF: III -- HHH 
I I I I I 

OP3 OP2 OP1 OPO 01 DO 52 51 50 

The 3-bit 5-field is interpreted to select 1 of 8 RF locations both as an operand source and an operation-result 
destination; the 4-bit OP-field is interpreted to select one of 16 AlU functions (micro-operations) as the operand 
combination/modification mechanism. 
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5.2. 1. 2 D·Field = LH 

When the D·field is "LH", the RF and WR, as shown below, are designated as operand sources with the WR also 
designated as the operation-result destination. 

ALU: LLLL -- HHHH 
I I I 

L H RF: LLL -- HHH 
I I 

RF ALU WR __ WR 

OP3 OP2 OP1 OPO D1 DO 52 51 50 

The 3·bit 5·field is interpreted to select 1 of 8 R F locations as an operand source; the 4-bit OP-field is interpreted to 
select one of 16 ALU functions (micro·operations) as the operand combination/modification mechanism. 

5.2. 1. 3 D·Field = HL 

When the D-field is "H L", the ALU functions (micro-operations) available for the combination/modification of 
operands are limited to 1) plus, 2) minus, or 3) unconditional ALU-bypass (no ALU function). 

As shown in Table 20, the 3-bit 5·field is primarily interpreted to select one of eight RF locations as an operand 
source and/or operation-result destination; the 4-bit OP·field is interpreted to select a limited ALU function in 
conjunction with an operand source and/or operand-result destination. 

TABLE 20 

D-FIELD= HL 

RF - DOP 

RF-XWR 

IWR minus RF minus 1 plus ALUCIN. XWR) R5A - WR, XWR 

RF plus WR plus ALUCIN -~ XWR 

RF plus DIP plus ALUCIN - WR 

RF plus DIP plus ALUCIN - XWR 

RF plus DIP plus ALUCIN - RF 

IWR minus RF minus 1 plus ALUCIN, XWR) LCIR - WR, XWR 

IWR plus RF plus ALUCIN, XWR) LCIR - WR, XWR 

IWR plus ALUCIN, XWR) R5A - WR, XWR 

IWR plus RF plus ALUCIN) R5A - WR, XWR 

RF plus XWR plus ALUCIN - WR 

RF plus XWR plus ALUCIN - XWR 

XWR plus ALUCIN - RF 

DIP- RF 

5.2.1.4 D-Field = HH 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

OP3 

OP2 OPI 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

OP2 OPI 

OPO 01 DO 52 81 so 

L H L RF: LLL - HHH 

H H L RF: LLL- HHH 

L H L RF: LLL- HHH 

H H L RF: LLL- HHH 

L H L RF: LLL- HHH 

H H L RF: LLL - HHH 

Don't Care 
L H L 

X X X 

H H L RF: LLL- HHH 

L H L RF: LLL - HHH 

H H L RF: LLL - HHH 

Don't Care 
L H L 

X X X 

H H L RF: LLL- HHH 

L H L RF: LLL- HHH 

H H L RF: LLL-HHH 

L H L RF: LLL - HHH 

H H L RF: LLL- HHH 

OPO 01 DO 52 51 so 

When the D-field is "HH", the RF is neither used as an operand source nor an operation-result destination. Rather, 
two 5-field possibilities (LHL, HLH) are, as shown in Table 21, interpreted to extend the 4-bit OP-field to select one 
of 32 non·RF operations. The extended OP-field is interpreted to select a limited ALU function in conjunction with 
an operand source(s) and an operation-result destination. 
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TABLE 21 

O-FIELO ~ HH 

DIP- Dap 

DIP - XWR 

(WR minus DIP minus 1 plus ALUCIN. XWR) RSA - WR. XWR 

DIP plus WR plus ALUCIN - XWR 

F" plus ALUCIN - Dap 

DIP plus WR plus ALUCIN - Dap 

DIP-WR 

DIP plus WR plus ALUCIN - Dap 

(WR minus DIP minus 1 plus ALUCIN. XWR) LCIR - WR. XWR 

(WR plus DIP plus ALUCIN. XWR) LCIR - WR. XWR 

(WR plus ALUCIN. XWR) RSA - WR. XWR 

(WR plus DIP plus ALUCIN. XWR) RSA - WR. XWR 

DIP plus XWR plus ALUCIN - WR 

DIP plus XWR plus ALUCIN - XWR 

XWR plus ALUCIN - Dap 

DIP - Dap 

(WR plus ALUCIN) RSA - WR 

(WR plus ALUCIN) RCIR - WR 

(WR plus ALUCIN) LSA - WR 

(WR plus ALUCIN) LCIR - WR 

(WR plus ALUCIN. XWR) RSA - WR. XWR 

(WR plus ALUCIN. XWR) RCIR - WR. XWR 

(WR plus ALUCIN. XWR) LSA - WR. XWR 

(WR plus ALUCIN. XWR) LCIR - WR. XWR 

(WR plus ALUCIN)RSL - WR 

(WR plus ALUCIN) RCIR - WR 

(WR plus ALUCIN) LSL - WR 

(WR plus ALUCIN) LCIR - WR 

(WR plus ALUCIN. XWR) RSL - WR. XWR 

(WR plus ALUCIN. XWR) RCIR - WR. XWR 

(WR plus ALUCIN. XWR) LSL - WR. XWR 

(WR plus ALUCIN. XWR) LCIR - WR. XWR 

6.2.2 OP-Field, Operation-Select Word 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

OP3 

OP2 OP1 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

OP2 OP1 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

OP2 OP1 

OPO 01 00 S2 S1 so 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

L H H L H L 

H H H L H L 

OPO 01 00 S2 S1 so 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

L H H H L H 

H H H H L H 

OPO 01 DO 52 S1 SO 

The 4-bit OP-field (OP3 ~ OPO) of the operation-select word interacts with the D-field and S-field to specify an ALU 
function as the operand combination/modification mechanism for operations (microinstructions)_ 

6.2.2.1 OP·Field ALU Function (Micro-Operation) Selection 

The most consistent utilization of the OP·field is realized when specifying one of 16 ALU functions, listed in Table 
22, as the operand combination/modification mechanism for those particular operations listed in Table 23. For those 
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32 

OP3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

TABLE 22 

ALU FUNCTION (MICRO·OPERATION SELECn 

ALU ACTIVE·HIGH DATA 

OP·FIELD ALUCIN· H ALUCIN· L 

OP2 OP1 OPO (WITH CARRYI (NOCARRYI 

L L L Fn· L Fn· H 

L L H Fn· B minul A Fn • B minul A minul , 

L H L Fn· A minUI B Fn • A minul a minus' 

L H H Fn • A plul B plul , Fn· A plUI a 

H L L Fn· a plUI' Fn· a 

H L H Fn· i plUI1 Fn· i 

H H L Fn· A plul' Fn ·A 

H H H Fn· A plul' Fn· A 

L L L Fn· Anan 

L L H Fn· An ED an 

L H L Fn· An (J Bn 

L H H Fn· Anan 

H L L Fn· Anin 

H L H Fn· An + in 

H H L Fn· An + an 

H H H Fn· An + an 

TAaLE23 

18 FUNCTION ALU OPERATIONS 

RF ALUWR - RF 

RF ALUWR-WR 

"DIPALU WR - DOP 

"DIP ALU WR- WR 

DIP ALU XWR - WR 

DIP ALU WR - XWR 

DIP ALU XWR - XWR 

DIP ALU XWR - DOP 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

ALU: 

NOTE: Whon PC PRIORITY Is low WR - AOP 

·XWA-AOP 

OP3- DPO 

LLLL- HHHH 

LLLL- HHHH 

LLLL- HHHH 

LLLL- HHHH 

LLLL- HHHH 

LLLL- HHHH 

LLLL- HHHH 

LLLL- HHHH 

01 DO S2 S1 so 

L L RF: LLL- HHH 

L H RF: LLL- HHH 

H H L L L 

H H L L H 

H H L H H 

H H H L L 

H H H H L 

H H H H H 

operations, the D·field interacts with the S·field to specify two operand sources in combination with an 
operation·result destination. Either the DIP or RF is available as an operand source to the "A" input port of the ALU; 
either the DIP, WR or XWR is available as an operand source to the "B" input port of the ALU. Ultimate destinations 
for ALU output results include either the DOP, RF, WR or XWR. 

An ALU function from Table 22 may be selected as the operand combination/modification mechanism for each 
operation in Table 23 by simply choosing the appropriate OP·field code. For example, a D·field code of "HH" 
interacts with an S·field code of "LLH" to specify the operation DIP ALU WR ~ WR. If the WR is to be subtracted 
from the DIP, an OP·field code of "LLHL" IFn = A minus B, ALUCIN = H) must be selected from Table 22 along 
with an ALUCIN .. H forced into the LSP. The resulting operation·select word will then specify the operation DIP 
minus WR ~ DOP. 



OP D S 

An OP-field choice of "LLLH" would automatically interchange the operands and specify the operation WR minus 
DIP ~ DOP. In fact, any of eight arithmetic or eight Boolean ALU functions may be selected from Table 22 and 
impressed upon any operation in Table 23. 

Although the ALU generally accepts two operand sources simultaneously as inputs, certain ALU functions may be 
selected from Table 22 which only consider one operand source. These ALU functions, when impressed upon the 
operations of Table,23, specify the register transfer operations of Table 24. These register transfer operations allow: 
1) unconditioned transfers, X ~ Y with the LSP's ALUCIN = L, 2) incrementing transfers, X plus 1 ~ Y with the 
LSP's ALUCIN = H, 3) one's-complement transfers, ~ ... Y with the LSP's ALUCIN = L, and 4) two's-complement 
transfers, X plus 1 ..... Y with the LSP's ALUCIN = H. 

WR plul ALUCIN" RF 

RF plus ALUCIN - WR 

WR plul ALUCIN - XWR 

XWR plul ALUCIN - WR 

DIP plul ALUCIN - WR 

DIP plul ALUCIN - XWR 

DIP plul ALUCIN - DOP 

XWR plul ALUCIN - DOP 

"DIP plul ALUCIN - DOP 

"WR plus ALUCIN - DOP 
DIP plul ALUCIN ... WR 

WR plus ALUCIN - RF 

'I!fr plul ALUCIN - WR 

vm plus ALUCIN - XWR 

~ plus ALUCIN - WR 

Dill plus ALUCIN - WR 
6iJI plus ALUCIN ... XWR 

tmJ plus ALUCIN - DOP 

XWR plus ALUCIN - DOP 

*tmr plus ALUCIN - DOP 
*WR plus ALUCIN .... DOP 

"OW plus ALUCIN - WR 

OP3 
L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

OP3 
L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

OP3 

TABLE 24 
REGISTER TRANSFER OPERATIONS 

OP2 OP1 OPO 01 

H L L L 

H H L L 

H L L H 

H L L H 

H H L H 

H H L H 

H H L H 

H L L H 

H H L H 

H L L H 

H H L H 

OP2 OP1 OPO 01 
H L H L 

H H H L 

H L H H 

H L H H 

H H H H 

H H H H 

H H H H 

H L H H 

H H H H 

H L H H 

H H H H 

OP2 CP1 CPO 01 
• XWPI -+ AOP. otherwise WA - AOP. PC PRtOFUTV overrides. 

00 82 81 80 
L RF: LLL ... HHH 

H RF: LLL'" HHH 

H H L L 

H L H H 

H L H H 

H H L L 

H H H H 

H H H H 

H L L L 

H L L L 

H L L H 

DO 82 81 80 
L RF: LLL-HHH 

H RF: LLL'" HHH 

H H L L 

H L H H 

H L H H 

H H L L 

H H H H 

H H H H 

H L L L 

H L L L 

H L L H 

DO 82 81 SO 

Certain ALU functions may be selected from Table 22 to facilitate register "clear" (all logic-level LOWs) and register 
"preset" (all logic-level HIGHs) operations. These ALU functions, when impressed upon the operations of Table 23, 
specify the register "clear" and "preset" operations of Table 25. 
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TABLE 25 

REGISTER CLEAR AND PRESET OPERATIONS 

LOW - RF, ALUCIN = HIGH 

LOW - WR, ALUCIN = HIGH 

·LOW -WR, ALUCIN = HIGH 

LOW -. XWR, ALUCIN = HIGH 

LOW - DOP, ALUCIN = HIGH 

• LOW -DOP, ALUCIN = HIGH 

HIGH - RF, ALUCIN = LOW 

HIGH - WR, ALUCIN = LOW 

'HIGH - WR, ALUCIN = LOW 

HIGH -. XWR, ALUCIN = LOW 

HIGH -. DOP, ALUCIN = LOW 

·HIGH - DOP, ALUCIN = LOW 

OP3 

L 

L 

L 

I. 

I. 

I. 
0P3 

L 

I. 

I. 

I. 

L 

L 

OP3 

OP2 

L 

L 

I. 

L 

I. 

I. 
OP2 

I. 

L 

I. 

I. 

I. 

L 

OP2 

OP1 OPO 

L L 

L L 

I. I. 

I. I. 

I. I. 

L I. 
OP1 OPO 
I. L 

I. I. 

I. I. 

I. L 

L I. 

L L 

OP1 OPO 
• XWA - .. AOP, otherwise WR -.. AOP. PC PRIORITV ~~ HIGH override. 

D1 

L 

H 

H 

H 

H 

H 
D1 

I. 

H 

H 

H 

H 

H 

D1 

DO S2 S1 SO 

L RF: LLL- HHH 

H L H H 

H I. I. H 

H H H I. 

H H H H 

H I. I. I. 
DO 52 S1 SO 

I. RF: LLL- HHH 

H I. H H 

H I. L H 

H H H I. 

H H H H 

H L I. L 

DO 52 S1 SO 

5.2.2.2 OP-Field Operand-Source/A L U Function/Operation-Result-Destination Selection 

The 4-bit OP-field also interacts with the D-field and 5-field to specify the operations of Tables 22 and 23. For these 
operations, the ALU functions available for operand combination/modification are limited to: 1) plus, 2) minus, and 
3) unconditioned ALU-bypass (no ALU functions). 

TABLE 26 

5.2.3 S-Field, Operation-Select Word RF SELECTION 

The 3-bit 5-field (52 -+ SO) of the operation-select 
word either: 1) specifies one of eight RF locations, 
shown in Table 26, as an operand source and/or 
operation-result destination, or 2) extends the 4-bit 
OP-field to select one of 32 non-RF operations as listed 
in Table 23. 

RF 

LOCATION 

RFO 

RFl 

RF2 

RF3 

52 

L 

I. 

L 

L 

S1 SO 

L L 

I. H 

H L 

H H 

5.3 INDEX TO MICROINSTRUCTIONS BY OPERATION 
FORM 

RF4 

RF5 

H 

H 

I. L 

L H 
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The operation (microinstruction) set may be sectioned 
into six operation-forms as described in Tables 27 
through 32. Each operation-form may, in turn, be 

RF6 H 

RF7 (PC) H 

NOTE: C·FIELD is LL. LH, or HL 

H L 

H H 

subsequently sectioned into a group of operation-types. In general, for each operation type, the WR is automatically 
selected by the OR to source the AOP via the ADR MUX. The exception to this statement is realized in 
operation-form I, operation-types a and b where the XWR is automatically selected by the OR to source the AOP via 
the ADR MUX. Of course, when the PC PRIORITY input is taken to a logic-level high, OR selection of the ADR 
MUX is overridden. In this situation, the PC is prioritized to source the AOP via the ADR MUX. 

In general, the execution results of most operations may be monitored at the DOP whether the result destination i. 
the RF, WR, XWR or DOP itself. The only exceptions are realized when the DOB is not involved in operation 
execution. These exceptions include the DIP -+ WR transfer of operation-form III operation-type d, and the XWR 
portion of the double-precision shift/circulates involved throughout operation-forms I V and VI. 



5.3.1 Operation - Form I 

Operation form I may be 
utilized to perform one of 
16 ALU functions, selected 
by the Operation·Select 
Word OP·field, on two of 
four operand sources, (RF, 
WR, XWR, DIP). The result 
is transferred to one of fou r 
operation·result destinations 
(RF, WR, XWR, DOP). 

5.3.2 Operation - Form II 

Operation form II may be 
utilized to arithmetically 
sum one or two operand 
sources (RF, WR, XWR, 
DIP) and a ripple-carry-in 
(ALUCIN). The operation
result is transferred to one 
of four destinations (RF, 
WR, XWR, DOP). 

5.3.3 Operation - Form III 

Operation form III may be 
utilized to transfer one or 
two operand sources (R F, 
DIP) to one of four destina· 
tions (RF, WR, XWR, 
DOP). 

I OPERATION TYPE 

a. RF ALU WR ._+ RF 

b. RF ALUWR~WR 

c. 'DIP ALU WR - DOP 

d. "DIP ALU WR - WR .. DIP ALU XWR - WR 

f. DIP ALU WR ~ XWR 

g. DIP ALU XWR - XWR 

h. DIP ALU XWR - DOP 

TABLE 27 

OPERATION FORM I 

OP3 - OPO 

ALU: LLLL~ HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL- HHHH 

ALU: LLLL- HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL~ HHHH 

ALU: LLLL- HHHH 

ALU: LLLL- HHHH 

01 00 

L L 

L H 

H H 

H H 

H H 

H H 

H H 

H H 

.. XWR - AOP. otherwise WR - AOP. PC PRIORITY = HIGH overrides 

II 

a. 

b. 

c. 

d. .. 
f. 

g. 

h. 

i. 

j. 

k. 

I. 

TABLE 28 

OPERATION FORM II 

OPERATION TYPE OP3-OPO 

RF plus WR plus ALUCIN - XWR L L H H 

RF plus DIP plus ALUCIN - WR L H L L 

RF plus DIP plus ALUCIN - XWR L H L H 

RF plus DIP plus ALUCIN - RF L H H H 

RF plus XWR plus ALUCIN - WR H H L L 

RF plus XWR plus ALUCIN - XWR H H L H 

XWR plus ALUCIN - RF H H H L 

DIP plus WR plus ALUCIN - XWR L L H H 

DIP plus WR plus ALUCIN - DOP L H H H 

DIP plus XWR plus ALUCIN - WR H H L L 

DIP plus XWR plus ALUCIN - XWR H H L H 

XWR plus ALUCIN - DOP H H H L 

NOTE: When PC PRIORITY is LOW, WR - AOP 

m OPERATION TYPE 

a. DIP - RF 

b. RF - DOP 

c. RF - XWR 

d. DIP-WR 

.. DIP~ XWR 

f. DIP- DOP 

TABLE 29 

OPERATION FORM III 

OP3- OPO 

H H H H 

L L L L 

L L L H 

L H H L 

L H H L 

L L L H 

H H H H 

L L L L 

NOTE: When PC PRIORITY is LOW, WR - AOP 

01 00 

H L 

H L 

H L 

H L 

H L 

H L 

H L 

H H 

H H 

H H 

H H 

H H 

D1 DO 

H L 

H L 

H L 

H L 

H H 

H H 

H H 

H H 

52 51 50 

RF: LLL~ HHH 

RF: LLL- HHH 

L L L 

L L H 

L H H 

H L L 

H H L 

H H H 

52 51 SO 

RF: LLL- HHH 

RF: LLL- HHH 

RF: LLL- HHH 

RF: LLL- HHH 

RF: LLL- HHH 

RF: LLL- HHH 

RF: LLL- HHH 

L H L 

L H L 

L H L 

L H L 

L H L 

52 51 SO 

RF: LLL- HHH 

RF: LLL- HHH 

RF: LLL-HHH 

X X X 

L H L 

L H L 

L H L 

L H L 
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5.3.4 Operation - Form IV 

Dr 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

Operation form IV may be utilized to either: 

• arithmetically sum the WR and the ripple carry·in (ALUCIN) with one of two operand sources (RF, 
DIP), arithmetically double'precision shift the result to the right, and transfer the shifted result to the 
WR and XWR; 

• arithmetically sum the WR and the ripple carry·in (ALUCIN) with one of two operand sources (RF, 
DIP), double,precision circulate the result to the left, and transfer the circulated result to the WR and 
XWR; 

• arithmetically subtract one of two operand sources (RF, DIP) and -1 from the WR, arithmetically add 
the ripple carry·in (ALUCIN), double'precision circulate the result to the left, and transfer the 
circulated result to the WR and XWR; 

• arithmetically subtract one of two operand sources (RF, DIP) and -1 from the WR, arithmetically add 
the ripple carry·in (ALUCIN), arithmetically double·precision shift the result to the right and transfer 
the shifted result to the WR and XWR. 

TABLE 30 

OPERATION FORM IV 

OPERATION TYPE OP3 

(WA minus DIP minus 1 plus ALUCIN. XWA) LCIA - WA, XWA H 

(WA plus DIP plus ALUCIN, XWA) LCIA - WA. XWA H 

(WA minus AF minus 1 plus ALUCIN. XWA) LCIA - WA, XWA H 

(WA plus AF plus ALUCIN, XWA) LCIA - WA, XWA H 

H 
(WA plus ALALUCIN, XWA) ASA - XWA 

H 

(WA minus DIP minus 1 plus ALUCIN, XWA) ASA -WA, XWA L 

(WA plus DIP plus ALUCIN, XWA) ASA - WA, XWA H 

(WA minus AF minus 1 plus ALUCIN, XWA) ASA -WA, XWA L 

(WA plus AF plus ALUCIN, XWA) ASA -WA, XWA H 

- OPO 

L L L 

L L H 

L L L 

L L H 

L H L 

L H L 

L H L 

L H H 

L H L 

L H H 

01 DO S2 SI SO 

H H L H L 

H H L H L 

H L AF: LLL- HHH 

H L AF: LLL- HHH 

H L X X X 

H H L H L 

H H L H L 

H H L H L 

H L AF: LLL- HHH 

H L AF: LLL- HHH 

NOTE: When PC PRIORITY is LOW, WR - AOP 

5.3.5 Operation - Form V 

36 

Operation form V may be 

utilized to perform single· 
precision shifts on the con· 
tents of the WR, placing the 
result in the WR. The WR 
may be logically shifted left 
or right (LSL, RSL), arith· 
metically shifted left or 
right (LSA, RSA), or circu· 
lated left or right (LCIR, 
RCIR). 

As the WR is passed through 
the ALU during form V and 
VI, the ALUCIN is active 
and should be held at a low 
logic level for true shifts. 

lr OPERATION TYPE 

a. (WA plus ALUCIN) ASA - WA 

b. (WA plus ALUCI N) ACI A - WA 

c. (WA plus ALUCI N) LSA - WA 

d. (WA plus ALUCIN) LCIA - WA 

e. (WA plus ALUCIN) ASL - WA 

f. (WA plus ALUCIN) L5L - WA 

TABLE 31 

OPERATION FORM V 

OP3-OPO 

L L L L 
L L L H 

H L L H 

L L H L 

L L H H 

H L H H 

H L L L 

H L H L 

NOTE: When PC PRIORITY i. LOW, WR - AOP 

01 DO S2 51 SO 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 
H H H L H 

H H H L H 
H H H L H 



~. Oper.tion - Form VI 

Operation form VI may be 
utilized to perform double· 
precision shifts on the con· 
tents of WR in conjunction 
with XWR. The WR in con· 
junction with the XWR may 
be: 

• logically shifted left or 
right (LSL, RSL); 

• arithmeticallv shifted 
left or right (LSA, 
RSA) single· or double· 
signed; 

• circulated left or right 
(LCIR, RCIR). 

TABLE 32 

OPERATION FORM VI 

lZI OPERATION TYPE OP3 - OPO 

a. (WR plus ALUCIN, XWRI RSA -
L H L L 

(WR, XWRI 

b. (WR plus ALUCIN, XWRI RCIR - L H L H 

(WR, XWRI H H L H 

e. (WR plus ALUCIN, XWR) LSA -
L H H L 

(WR, XWR) 

d. (WR plus ALUCIN, XWR) LCIR - L H H H 

(WR, XWRI H H H H 

e. (WR plus ALUCIN, XWR) RSL -

(WR, XWRI 
H H L L 

I. (WR plus ALUCIN, XWR) LSL -

(WR, XWR) 
H H H L 

NOTE; When PC PRIORITY il LOW, WR - DOP 

II INDEX TO MICROINSTRUCTIONS BY SOURCE OPERANDS 

D1 DO R2 R1 RO 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

H H H L H 

When the source operand is known, tables 33 through 36 can be used to obtain the form/type and microcode of the 
possible operations for that source operand. 

TABLE 33 

DIP SOURCE DPERANDS 

OPERATION 
OP OP3-OPO D1 DO 52-SO 

FORMITYPE OP FIELD D·FIELD 5-FIELD 

DIP-DOP 1111 HHHH HH LHL 

DIP-DOP III! LLLL HH LHL 

DIP-RF lila HHHH HL LLL -HHH 

DIP-WR Ilid LHHL HL XXX 

DIP-WR IIld LHHL HH LHL 

DIP-XWR Ille LLLH HH LHL 

'DIP ALU WR - DOP Ie LLLL- HHHH HH LLL 

'DIPALUWR -WR Id LLLL- HHHH HH LLH 

DIP ALU WR - XWR I! LLLL- HHHH HH HLL 

DIP ALU XWR - DOP Ih LLLL-HHHH HH HHH 

DIP ALU XWR - WR Ie LLLL- HHHH HH LHH 

DIP ALU XWR - XWR 19 LLLL- HHHH HH HHL 

CDIP plul WR plul ALUCIN) LCIR - WR, XWR IVb HLLH HH LHL 

CDIP plul WR plul ALUCIN) RBA -WR, XWR IVq HLHH HH LHL 

DIP plul RF plul ALUCIN - RF lid LHHH HL LLL- HHH 

DIP plul RF plul ALUCIN - WR lib LHLL HL LLL- HHH 

DIP plUI RF plul ALUCIN - XWR lie LHLH HL LLL- HHH 

DIP plul WR plul ALUCIN - DOP lIi,lIlh LHHH HH LHL 

DIP plul WR plul ALUCIN - XWR IIh LLHH HH LHL 

DIP plul XWR plul ALUCIN ... WR IIj HHLL HH LHL 

DIP plul XWR plul ALUCIN ... XWR Ilk HHLH HH LHL 

'XWII _ AO', o"' ... wl .. WR - AOP. PC 'RIORITY • HIGH overrt-. 
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TABLE 34 

RF SOURCE OPERANDS 

OP OP3- OPO 01 DO 52-SO 
i OPERATION 

FORM/TYPE OP FIELD D-FIELD S-FIELD i 

RF-·DOP IIlb LLLL HL LLL- HHH 

RF - XWR Ille LLLH HL LLL- HHH 

RF ALU WR -. RF la LLLL- HHHH LL LLL- HHH 

RF ALUWR -WR Ib LLLL - HHHH LH LLL- HHH 

RF plus DIP plus ALUCIN - RF lid LHHH HL LLL- HHH 

RF plus DIP plus ALUCIN -WR lib LHLL HL LLL- HHH 

RF plus DIP plus ALUCIN - XWR lie LHLH HL LLL - HHH 
(RF plusWR plus ALUCIN, XWR) LCIR - WR, XWR IVd HLLH HL LLL-HHH 

(RF plus WR plus ALUCIN, XWR) RSA -WR, XWR IVi HLHH HL LLL- HHH 

RF plus WR plus ALUCIN - XWR lIa LLHH HL LLL- HHH 

RF plus XWR plus ALUCIN - WR lie HHLL HL LLL- HHH 

RF plus XWR plus ALUCIN - XWR III HHLH HL LLL- HHH 

NOTE: When PC PAlOAITY is LOW, WA -- AQP. 

TABLE 35 

XWR SOURCE OPERANDS 

OP OP3 -. OPO 01 DO 52-SO 
OPERATION 

FORM/TYPE OP FIELD D·FIELD S·FIELD 

XWR ALU DIP- DOP Ih LLLL- HHHH HH HHH 

XWR ALU DIP-WR Ie LLLL - HHHH HH LHH 

XWR ALU DIP - XWR 19 LLLL- HHHH HH HHL 

XWR plus ALUCIN - DOP III HHHL HH LHL 

XWR plus ALUCIN - RF Ilj HHHL HL LLL- HHH 

XWR plus DIP plus ALUCIN - WR Ilk HHLL HH LHL 

XWR plus DIP plus ALUCIN - XWR lie HHLH HH LHL 

XWR plus RF plus ALUCIN - WR IIf HHLL HL LLL- HHH 

XWR plus RF plus ALUCIN - XWR HHLH HL LLL- HHH 

NOTE: When PC PRIORITY Is LOW, WR - AQP. 
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,- TABLE 38 

WR SOURCE OPERANDS 

OPERATION 
OP OP3- OPO D1 DO 52-SO 

FORM/TYPE OP·FIELD D·FIELD B-FIELD 

'WR ALU DIP - DOP Ie LLLL- HHHH HH LLL 
'WR ALU DIP - WA Id LLLL- HHHH HH LLH 

. - WA ALU DIP - XWA II LLLL- HHHH HH HLL 
WA ALU AF -AF I. LLLL- HHHH LL LLL-~ HHH 
WAALU AF-WA Ib LLLL- HHHH LH LLL- HHH , (WA minus BIP minus 1 plus ALUCIN, XWA) LCIA - WA, XWA IV. HLLL HH LHL 
(WA minus DIP minus 1 plus ALUCIN, XWA) ASA - WA, XWA IVI LLHL HH LHL 
(WA minus AF minus 1 plus ALUCIN, XWA) LCIA - WA, XWA IVe HLLL HL LLL- HHH 
(WA minus RF minus 1 plus ALUCIN, XWA) ASA -WA, XWA IVh LLHL HL LLL- HHH 
(WA plul ALUCIN) ASA - WA, XWA IV. HLHL HL XXX 
(WA plul ALUCIN) ASA - WR, XWA IV. HLHL HH LHL 
(WA plul ALUCIN) LCIA - WR Vd LLHH HH HLH 
(WA plus ALUCI N) LCI R - WA Vd HLHH HH HLH 
(WA plul ALUCIN) LSA -WA Ve LLHL HH HLH 
(WA plul ALUCIN) LSL -WA VI HLHL HH HLH 
(WA plul ALUCIN) ACIA -WA Vb LLLH HH HLH 
(WA plus ALUCIN) ACIA - WR Vb HLLH HH HLH 
(WA pluIALUCIN) ASA -WA V. LLLL HH HLH 
(WA plul ALUCIN) ASL - WA V. HLLL HH HLH 
(WA plul ALUCIN, XWA) LCIA - (WA, XWA) Vld HHHH HH HLH 
(WA plul ALUCIN, XWA) LCIA - (WA, XWA) Vld LHHH HH HLH 

(WA plus ALUCIN, XWA) LSA - (WA,XWR) Vic LHHL HH HLH 
(WA plus ALUCIN, XWA) LSL - (WA, XWH) VII HHHL HH HLH 

(WA plus ALUCIN, XWR) ACIR - (WA, XWA) Vlb HHLH HH HLH 

(WA plul ALUCIN, XWA) ACIA - (WA, XWA) Vlb LHLH HH HLH 

(WA plu. ALUCIN, XWA) ASA - (WR, XWA) VI. LHLL HH HLH 

(WA plul ALUCIN, XWR) ASL - (WA,XWA) VI. HHLL HH HLH 

WA plus DIP plus ALUCIN - DOP IIi LHHH HH LHL 

WA plul DIP plus ALUCIN - XWA IIh LLHH HH LHL 

(WA plus DIP plus ALUCIN) LCIA -WA, XWA IVb HLLH HH LHL 

(WA plul DIP plus ALUCIN) ASA -WA, XWA IVe HLHH HH LHL 
:,. 

WR plus RF plus ALUCIN - XWA II. LLHH HL LLL HHH 
(VIA plul AF plus ALUCIN) LCIA -WA, XWA IVd HLLH HL LLL HHH 

(WR plul AF plus ALUCIN) ASA -WR, XWA IVi HLHH HL LLL HHH 

.XWII ... .o.OP, othorwl .. WR - .o.OP. PC PRIORITY - HIGH ovorrldo .. 
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6. INTERFACING 

The input/output (I/O) accommodations of these processor elements have been designed for TTL and/or Moj 
compatibility. Direct interfacing. supportable by the entire families of catalog devices, is shown in Figure 22. TyplCl 
data/address flow and microcontrol are illustrated for an expanded wordlength system. 
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FIGURE 22 - TVPICAL 18-BIT MACHINE 

6.1 INPUT CIRCUIT 

The input circuit used on the '0400AI'0401A is basically an RTL configuration which has been modified tot 
TTL/MOS compatibility as shown in Figure 23A. An input-clamping diode is incorporated to limit negative excursioN 
(ringing) when the '0400AI'0401A is on the receiving end of a transmission line; an input switching threshold at: 
nominally +1.5 volts has been specified for improved noise immunity. This threshold is achieved via two 10K ohm 
resistors which function as a voltage divider to increase the one VeE threshold of the 12L input transistor to +1.15 
volts. Since this input circuit is independent of injector current, input threshold compatibility is maintained over the 
entire speed X power performance spectrum. 

The input circuit characteristics for input current versus input voltage are shown in Figure 24. The 10K and 20K ohm 
load lines and threshold knee at +1.5 volts provide a high-impedance characteristic to reduce input loading Ind 
improve the low-logic level input noise immunity over some standard TTL inputs. Full compatibility is maintained 
with virtually all 5 volt logic families even when the '0400AI'0401A is powered down (injector current reducedl_ 



A. EQUIVALENT OF EACH INPUT 

INPUT -_"\/,",,,_-4 

R Iq. 

CLOCK OR ~ : R ell •• IKn 
ALL OTHERS: .. ell •• 10Kn 

B. TYPICAL OF ALL C. EQUIVALENT OF EACH INPUT/OUTPUT 
OUTPUTS 

INPUT/OUTPUT 

10KO 

10ICQ 

FIGURE 21- SCHEMATICI 0 .. EQUIVALENT INPUTS, OUTPUTS, INPUTS/OUTPUTS 

", Sourcing Inputs 

The Inputs may be sourced directly by molt 6 
volt logic femlli81. Five volt functions which 
feature Internal pull·up resistors at their out· 
puts require no external interfece compo
nents; five volt functions which feature open· 
collector outputs generally require external 
pull·up resistors which may be specified as 
shown in Table 37. 

1,2 Tlrmlnlting UnulBd Inputs 

Inputs which are selected to be hardwired to a 
logic-level low may be connected directly to 
ground. I nputs which are selected to be 
hardwired to a logic-level high must be tied, 
via a current limiting (pull-up) resistor, to a 
logic-level-high low-impedance voltage source 
such as Vee. A single transient protecting 
resistor, specified as shown in Table 38, may 
be utilized common to (N) inputs. 

2 OUTPUT CIRCUIT 

The output circuit selected for the '0400A/ 
'0401 A is an injected open-collector transistor 

Ii .. 
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r I TH~'HOLD 
!I01CIl LOAD 
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o 4 

VI-INI'UT VOLTAGE 

FIGURE 24 - TYPICAL INPUT CHARACTERISTICS 

shown in Figure 238. Since this transistor is injected, output sourcing capability is directly related to injector 
currant. In other words, the number of loads which may be sourced by an '0400A/'0401A output is directly reduced 
.. injector current is reduced. 

Tha output circuit characteristic for logic-level low output voltage (Vall versus logic-level low output current (loll 
is shown in Figure 26. At rated injector current, the '0400A1'0401A output circuit offers a low-level output voltage of 
typically 65mV. 



TABLE 37 

SOURCING SBP0400 INPUTS 

CLOCK OR PCCIN ALL OTHER INPUTS 

SOURCED BY OPEN-COLLECTOR 
Rp ~ 

VCC -3.3 
Rp . VCC -3.3 

TTL,CMOS .0005 IN) .00025 IN) 

SOURCED BY MOS. CMOS: 
RB = 

VCC -2.4 
RB = 

VCC -2.4 

LOW-THRESHOLD 10H -.OOOS IN) 10H -.00025 IN) 

HIGH-THRESHOLD NOT RECOMMENDED 

SOURCED BY TTL WITH 5 V ACTIVE PULL-UP DRIVE DIRECTLY 

TABLE 38 

TERMINATING UNUSED INPUTS 

HARDWIRE TO VIH 

The output circuit characteristics for 1) logic-level high 
output voltage (VOH) and current (lOH). 2) rise times, 
and 3) next stage input noise immunity. are a function 
of the load circuit being sourced. The load circuit may 
be either: 

A) the direct input, if no source current is 
required, of a five-volt logic family 
function, 

or, for greater noise immunity and improved rise times, 

B) the direct input of a five-volt logic 
family function in conjunction with a 
discrete pull-up resistor. 

When a discrete pull-up resistor (RL) is utilized, the 
fanout requirements placed on a particular 'Q400A/ 
'Q401A output restrict both the maximum and mini
mum value of RL- Techniques for calculating RL(max) 
and R L(min) respectively are explained in Figure 26_ 
Table 39 provides RL(max) and RL(min) values for 
one, five, nine, or ten loads for the more popular 
five-volt logic famil ies_ 

Rp 

PCCIN INPUT 

= 
VCC -3.3 
.OOOS IN) 

200 

175 

> 
E 150 

w 
t!I 
< 125 
~ 
..J 
0 
> 100 
~ 
:::l 

1= 75 :::l 
0 

0 50 
> 

25 

0 

I 

ALL OTHER INPUTS 

Rp = 
VCC -3.3 
.00025 IN) 

OUTPUT VOLTAGE 
VI 

OUTPUT CURRENT 

ICC· 200 mA 

TA ·250C 

~ 
~ 

....... 

---~ 
-5 -10 -15 -20 

10 - OUTPUT CURRENT - mA 

FIGURE 2&- TYPICAL OUTPUT CHARACTERISTICS 
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i 
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•• 

6_2.1 RL(max) Calculation for Output Source Current 

42 

The maximum load register RL(max) value insures: 1) that sufficient current is available to satisfy both the fanout 
and logic-level-high output current requirements, and 2) that the voltage drop across RL itself is insufficient to reduce 
the logic-level-high output voltage below 2.4 volts. R L(max) can be calculated as shown in Figure 26A. 
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HIGH-LEVEL IOFF-STATEI CIRCUIT CALCULATIONS 

The allowable voltage drop across the load resistor (VRL) is the 

difference between the pull-up source and the VOH level re

quired at the load: 

VRL = Vsource - VOH min 
The total current through the load resistor (tRll is the sum of 

the load current and the high-level output current IIOHI: 

IRl = load Current (into the load inputs + IOH 

where: IOH = 375 "A max 

Therefore, calculations for the maximum value of R L would be: 

. Vsource - VOH min 
Rllmaxl ,n ohms = Amperes of load Current + .000375 

Vsource i~ 
~ 
~/SBP0401A 
. TPUT 
V IOH 

LOADS 
15 SN74Soo1 

IIH = 515()4AI = 0.000250A 

'* Allume:Vsource = 5 V and VOHlminl Z 2_4 V 
; 

RLlmaxl = 

V source - V OH 

I load + 0.000375 

5-2.4 

0.00025 + 0.000375 
2.6 n -4160 

0.000626 

A. RL MAXIMUM CALCULATIONS 

LOW-LEVEL ION-5TATEI CIRCUIT CALCULATIONS 

The maximum current through the load resistor when the out

pUt is on, plus the amount of current from the low-level input 

load, must be limited to the IOl capability of the output. There

fore, the equation is: 

R . - V.ource - VOL max 
llm,nl - IOl capability - Iload 

SBP04ooA/SBP0401A 
OUTPUT 

IOl 

LOAD 
CURRENT 

Vsource 

LOADS 
15SN74Sool 

III - 512mAI- O.OIA 

Anum.: V source - 5 V. VOL - 0.4 V. and IOL capability - 20 mA 

RLlminl = 
Vsource - VOL 

IOL capability - IlL 

5-.4 n-~n-460n 
0.02 - 0.01 0.01 

B. RL MINIMUM CALMCLATIONS 

FIGURE 26- OUTPUT LOAD RESISTOR CALCULATIONS 
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TABLE 39 
OUTPUT LOAD RESISTOR VALUES IRLI 

SBP0400 DRIVING DRIVING DRIVING TYPIOF 

OUTPUT 1L ..... 6 Lo .... 10L ...... LOGIC 

TYPE RLIMINI RLIMAXI RLIMINI RLIMAXI RLIMINI RLIMAXI 

234U 619011 252U 5200u 280n 4333n 54LSI74LS 
20mA 250n 5909n 383n 4333n 1150n 3250n 54/74 

SINK 25611 5777 U 46011 416011 2300U 2888n 54S174S 
OUTPUTS 230n 6341 U 230U 5777n 231 u 520011 MOS 

230n 650011 230n 6500n 23111 6498n C·MOS 
TYPE OF LOGIC 

477 U 6190n 56011 5200n 54LS/74LS 

10mA 54711 5909n 2300n 4333 n 54/74 
SINK 675 n 5777 n 400011 400011 54S/74S 

OUTPUTS 464n 634111 462n 5777 n MOS ., 
460U 650011 C·MOS 460 II 650011 " i 

:it 

Specific: d .. ignl can be tailored for minimum power or maximum performance by making the individual calculatlont .. dftcrlbed ~1 
Figure 26. t 

l 
CONDITIONS: 

Vsource = 5 V 
VOH = 2.4 V (Satisfies most 5 V logic) 
VOL" 0.4 V (Based on max noise margin provided by SBP0400A/SBP0401A 
IOH = 375~A (Maximum leakage of SBP040QA/SBP0401A) 
IOL as specified (20 mA, 10 mAl 
And unit loads of: IlL = 

54 LS/74LS 0.36 mA 
54/74 1.6 mA 
54S/74S 2mA 
N·MOS 10~ 

C·MOS 10pA 

11H Z 

10~A 

40~A 

50~A 

10~A 

10pA 

{ 

6.2.2 RL(min) Calculation for Output Source Current 

6.3 

l 

The minimum load resistor R L(min) value insures that the arithmetic sum of the current through R L itself plus ...J. 
sink currents from the various loads will not exceed the low·level current rating (loll of the particular output bI~ 
utilized. RL(min) may be calculated as shown in Figure 26B. . 

BIDIRECTIONAL INPUT/OUTPUT CIRCUIT 

The bidirectional input/output circuit, shown in Figure 23C, is simply a "marriage" of the separete input and output 
circuits, with the respective electrical characteristics described above. 

7. POWER SOURCE 

44 

12L is a current·injected logiC. When placed across a curve tracer, the processor element will resemble I silicaa: 
switching diode. Any voltage or current source capable of supplying the desired current at the injector node voluW· 
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required will suffice (see Table 40). A dry·cell battery. a 5·vol t TTL power supplV. a programmable current supplV 
er source is convenient can be used for most cases. For 
opping resistor would be connected between the 5·volt 

(for power-up/power-down operation) -literallv whatever pow 
example. if a 5-volt TTL power supplV is to be used. a series dr 
supplV and the injector pins of the 12L device. as illustrated in 
expanded systems using multiple 4 bit slices. an individual 
SBP0401A. 

Figure 27. to select the desired operating current. In 
drop pi ng resistor is requ i red for each S8P0400A/ 

Fi.,res 28 and 29 show the typical injector node voltages whi 
ranges. Table 40 provides the approximate resistor values for v 

ch occur across the temperature and injector current 
arious combinations of supplV voltages and operating 

injector currents. 

TABLE 40 

INJECTOR CURRENT LIMITING RESISTOR VALUES 

0.01 iliA o.lmA lmA 10mA 100mA 200mA 

1.IM 114K 11K UK 110 56 
840K 14K 8.4K 830 82 41 
S.OK S.K 5.4K 530 52 26 
440K 44K 4.4K 430 42 21 
390K 39K 3.9K 380 37 '8 
240K 24K 2.4K 230 22 11 
10K 9K 960 82 7 3.25 
13K IK 550 50 4 1.75 
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CALCULATIONS 

/ 

/ 
/ 

~ 
V 

I 

V 

-75 -50 -25 0 25 50 75 100 
TA - FREE·AIR TEMPERATURE - ,·C 

125 0.1 1 10 100 200 
ICC - INJECTOR CURRENT - mA 

FIGURE 28 - INJECTOR-NODE VOLTAGE 
va. FREE-AIR TEMPERATURE 
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8. ELECTRICAL AND MECHANICAL SPECIFICATIONS 

8.1 RECOMMENDED OPERATING CONDITIONS. UNLESS OTHERWISE NOTED ICC = 200 mA 

SBP0400AM SBP0400AC 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply current, ICC 200 300 200 300 mA 

High·level output voltage, VOH 5.5 5.5 V 

Any AOP, X, Y. ALUCOUT, DOP, 
20 20 

or XWR MSB/LSB 
mA Low-level output current, IOL 

XWRLFf, XWRRT, WRRT, WRLFT, 
10 10 

PCCOUT/BMSB. ENINCBY 2/AMSB 

High 255 230 
Width 01 clock pulse. tw n. 

Low 50 45 

OPERATION SELECT (0400A ONLY) 78 70 

PCCIN 28 25 
Setup time, t su 

DIP - RF. WR. XWR 110 100 ns . 
(See Figure 30) 

DIP THRU ALU 200 180 ( 

ALUCIN 132 120 

Hold time. th (any input) 01 01 ns . 

Operating free-air temperature, T A -55 125 a 70 'c 

t Aising edge of clock pulse is reference. 

8.2 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE·AIR TEMPERATURE RANGE, 
UNLESS OTHERWISE NOTED) 

TEST CONDITIONSt 
SBP0400AM SBP0400AC 

PARAMETER 
TYPt TYPt MAX 

UNIT 
MIN MAX MIN 

VIH High-level input voltage 2 2 V 
VIL Low-level input voltage 0.8 0.8 V 
VIK Input clamp voltage ICC = 200mA. II = -12 mA -1.5 -1.5 V 

IOH High-level output current 
ICC = 200mA. VIH = 2V 

400 250 "A VIL = 0.8 V. VOH = 5.5V 

VOL Low-level output voltage 
ICC - 200mA. VIH = 2V 

0.4 0.4 V 
VIL = 0.8V. IOL = MAX 

Input current L Clock • .!,CCIN 500 500 
II I All other inputs 

ICC = 200mA. VI = 2.5 V 
250 250 "A 

tFor co~ditions shown 8S MAX, use the 8Ppropri~te value specified under recommended operating conditions. 
tAli tYPical values are at ICC == 200 rnA, T A = 25 C. 
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" SBP0400A AND SBP0401A SWITCHING CHARACTERISTICS (ICC K 200 mAo TA· 25°C) 
SEE FIGURES 30 THROUGH 34 

, ' 

~AMETER FROM TO TEST CONDITIONS TVP 

IPLH or tpHL DIP DOP VIA A BUS, BYPASS ALU 85 

Ifi(H or tPHL DIP DOP VIA A BUS, THRU ALU 155 

tLH or tPHL DIP DOP VIA B BUS, THRU ALU 166 

PLH or tPHL PC PRIORITY AOP 70 

!PLH or tPHL ALUCIN ALUCDUT 60 

IpLH ortpHL DIP ENINCBY2/AMSB POSO= X, POS1· H 80 

"LHor tPHL DIP PCCOUT/BMSB POSO- X, POSl - H 80 

~ POSO, or POS 1 
ENINCBY2/AMSB or 

96 '~HortPHL 
PCCOUT/BMSB 

"'LH or tPH L PCCIN PCCOUT 35 

~LHortPHL ALUCIN DOP 105 

!lft.H or tPH L CLOCK PCCOUT/BMSB POSO = X, POSl = H 140 

'iIPLH or tPH L CLOCK DOP VIA A BUS, BYPASS ALU 155 

PLH ortpHL CLOCK DOP VIA A BUS, THRU ALU 240 

Iti..H or tPHL CLOCK ENINCBY2/AMSB POSO = X, POS1· H 155 

PlH ortPHL CLOCK DOP VIA B BUS, THRU ALU 225 

'(Ii Or tPHL CLOCK P.G, or ALUCOUT VIA A OR B BUS, THRU ALU 180 

:lPLHor tpHL CLOCK AOP 105 

:.LHor tpHL CLOCK 
WRLFT, WRRT, XWRLFT, 

240 
or XWRRT 

"'-LH or tPHL CLOCK XWR MUX MSB POSO· H, POS1· H 130 

:1PlH or tPHL CLOCK XWR MUX LSB POSO = H, POSl • L 130 

~lHortPHL CLOCK ALU = 0 215 

p. ...... 
".: 

, SBP0401A OPERATION SELECT SWITCHING CHARACTERISTICS (Icc = 200 mAo T A = 25°C) 
SEE FIGURES 31 THROUGH 34 

PARAMETER FROM TO 

bPt,HortPHL OPSEL XWR MUXMSB 

JpLHortpHL OPSEL XWR MUX LSB 

.LHortPHL OPSEL AOP 

JrLH ortPHL OPSEL ALU-O 

~HortPHL OPSEL 1f,1!, or ALUCOUT 

.LHortpHL OPSEL DOP 

J'U4 or tPHL OPSEL AMSB 

.LHortpHL OPSEL BMSB 

TENTATIVE DATA SHEET 
' ..... cIocu_t providn tllfltlltive inforrMtion 
..... _ product. T .... Inltru ...... tII .... rvee 
.. rfIht to c....... apecifiClotionl for thll 
: ..... 111 eny rMn_ without notice, 

TEST CONDITIONS TVP 

POSO- H, POSl = H 175 

POSO· H, POSl = L 175 

130 

215 

Via A or B bus, thru ALU 180 
Via A or B bu., thru ALU 235 

POSO= X, POSl • H 140 

POSO· X, POSl • H 175 

MAX UNIT 

n. 

n. 
nl 
ns 
n. 
ns 

nl 

n. 

ns 
nl 
n. 
ns 
nl 
ns 
ns 
ns 
ns 

ns 

nl 
n. 
ns 

MAX UNIT 

ns 
ns 
ns 
ns 

nl 
ns 
n. 
ns 
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CLOCK 

OPERATION 
SELECT 

P050, POS1, J 1.6v 
PCCIN, ENINCBY2 

DIP 

DOP 

-t 

t 

f 1.6v OPER 
N+l 

-J 14- thold 
t .. lUp 14- 1 

OPER ! f N+l 

SETUP, HOLD, AND PROPAGATION DELAY TIMES FOR TYPICAL SBP0400A STORE OPERATION 

CLOCK OPNER} 1.6v 

:;:f _ t-" ftlold 
-I taelUp r- I 

,.6V+ 
OPER 
N+l 

OPERATION 
SELECT ,.6Vf ___ '_.Ii_V .... t O~r ! + .. _'_.6_V __________ ..... 

OPER 
N+l 

POSO,P051, ...f 
PCCIN, ENINCBY2 Uiv 

ALUCIN 

DIP 

~ 10- 'hold 
t.lUp -t I 

OPER 
N 

OPER 
N 

f 1.6v 

I 
I 
I 

t 1.6v 

+ 1.6v 

i 'hold 

t Uiv 

, , 
rI 

:1 

DOP 

t--IpHL or IpLH-J __________________________ - -- _](1 ,--__ 
1.111. 

-----------------------------
SETUP, HOLD, AND PROPAGATION DELAY TIMES FOR TYPICALSBP0400A ADD AND SHIFT OPERATION 

FIGURE 30 - PROPAGATION DELAY TIMES- S8P0400A SYNCHRONOUS OPERATIONS 
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CLOCK f 1.6V f 1.6V 

I 
t .. tup I-- t .. tup /4-

I 
OPERATION 

1.6V 1.6V 1.6V SELECT 
RF PLUS WR -- DOP DIP PLUS RF - RF 

t-- t .. tup -L. thold t-- 'hold -..I 
I I t-- tHtUP -..j 

Jl.6V 

-, J4'" thold I -i [~ .. POSO,POSI, I t 1.6V f 1.6V : 
I iiCCiN, I EINCBY2 I 

1.6V 

I 
I I I 

tpLH or IpHL-! l- I ~ I-
AOP I f 1.6v I 

t1.6V CPCOUTPUTI I I 
I 
I 

DIP j"1.6V t 1.6V f1.6~ j..-IpLH or tpHL 

I tpLH or tPHL--l l- I I 
IpLH or tpHL -I I -I ~ tpLH or tpHL I 

I+-

'~f 
I 

DOP 1.6Vf t1.6V t 1.6V 

PC PRIORITY IS HIGH 

INPUT 

IN·PHASE 
OUTPUT 

OUT .oF·PHASE 
OUTPUT 

FIGURE 31 - PROPAGATION DELAY TIMEI - AlYNCHRONOUI OPERATIONI 

1.1,.5V \, .• V-------- V'H 
--..I 1- VIL 

I-- tpLH --l I tpHL ~ 

1 y..v ! %.:--- VOH 
I _ I VOL 
.- tpHL --+j t-- tpLH --I 

'\~1_.6_V ______________________ ~~~1.-6V--_-_-_ ~:: 
FIGURE 32 - PROPAGATION DELAY TIMES - AlYNCHRONOUI OPERATIONS 
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REF. OUTPUTS CURRENT RL VALUE CL VALUE 

RATING 

1 
ANY AOB, OOB, P, G, ALUCOUT OR XWR 20mA 280 n 50 pF 
MSB/LSB 

2 
XWRLFT, XWRRT, WART, WRLFT, 

10mA 560 n 25 pF 
PCCOUT/BMSB, ENINCBY2/AMSB 

FIGURE 33 - SWITCHING TIMES LOAD CIRCUITS 
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NOTES A EACH PIN CENTERlIN~ IS 
LOCATED WITNIN! 0010 
OF ITS lRUE LONGITUDINAL 
POSITION 

8 ALL LINEAR DIMENSIONS ARE 

IN INCHI:S 

R,::--t 

SEATING 
~ -PL"'N~ 

_U_!!.2.!! 
DC'"~ 

140PLACESI 

I 

L:~~~:~~~:J 
0)---------- ---- .@ 

~~~~~~~~~~~ 
0.0lOrN 

"" 0"0ii 
0110 
-!]8PLACfSI 
'DOD 

FIGURE 35 - PLASTIC DUAL-IN-LINE PACKAGE 

~40TES: A. EACH PIN CENTERLINE IS LOCATED WITHIN 0.010 OF 

ITS TURE LONGITUDINAL POSITION. 

B. ALL LINEAR DIMENSIONS ARE IN INCHES. 

FIGURE 36 - CERAMIC DUAL-IN-L1NE PACKAGE 

ORDERING INFORMATION 

PACKAGE 
OPERATING PART NUMBERS 

TEMPERATURE 

PLASTIC DIP O·C to 70·C SBP0400ACN or SBP0401 ACN 

OnC to 70·C SBP0400ACJ or SBP0401ACJ 
CERAMIC DIP -SS·C to 12SOC SBP0400AMJ or SBP0401AMJ 
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1. INTRODUCTION 

1.1 DESCRIPTION 

The SBP 9900 microprocessor is a ruggedized monolithic parallel l6-bit Central Processing Unit (CPU) fabricated with 
Integrated Injection Logic (l2L) technology. The SBP 9900 combines the properties of 12L technology with a l6-bit 
word length, an advanced memory to memory architecture, and a full minicomputer instruction set to extend the end 
application reach of Texas Instruments 9900 microprocessor family into those applications requiring efficient, stable, 
reliable performance in severe operating environments. 12L technology enables the SBP9900 to operate over a -55 to 
125° C ambient temperature range from a single doc power source with user selectable speed/power performance_ 
Static Logic is used throughout with directly TTL compatible I/O permitting use with standard logic and memory 
devices and thereby eliminating the need for special clock and interface functions. The SBP 9900 is software 
compatible with other 9900 microprocessor family members and shares a common body of hardware/software with 
Texas Instruments 990 minicomputer family. 

1.2 KEY FEATURES 

1276 

• Parallel 16-Bit Word Length 

• Full Minicomputer Instruction Set Includes Multiply and Divide 

• Directly Addresses Up to 65,536 Bytes/32,768 Words of Memory 

• Advanced Memory-To-Memory Architecture 

• Multiple 16-Word Register Files (Work Spaces) Reside in Memory 

• Separate I/O, Memory and Interrupt Bus Structures 

• 16 Prioritized Hardware Interrupts 

• 16 Software Interrupts (XOPS) 

• Programmed and DMA I/O Capability 

• Serial I/O Via Communications-Register-Unit (CRU) 

• 64-Pin Package 

• Software Compatible with TI 9900 Microprocessor/990 Minicomputer Family 

• 12L Technology: 
-55°C to 125°C Ambient Temperature Range 
User Selectable Speed/Power Operation 
2.6 MHz Nominal Clock at 500 mW 
Single doc Power Supply 
Fully Static Operation 
Single Phase Clock 
Directly TTL Compatible I/O (Including Clock) 
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2. ARCHITECTURE 

The memory word of the 9900 is 16 bits long. Each word is also defined as 2 bytes of 8 bits. The instruction set of 
the 9900 allows both word and byte operands. Thus, all memory locations are on even address boundaries and byte 
instructions can address either the even or odd byte. The memory space is 65,536 bytes or 32,768 words. The word 
and byte formats are shown in Figure 3. 

MSB LSB 

2 3 4 5 6 7 8 9 110 111 112113 114 115 I 

MSB LSB Msa LSB 

SIGN SIGN \LaB~IT~ ________ ~,.. ______________ -.JA~B~IT~ ______ ~ ________________ J 1 
- V - V· 

EVEN BYTE ODD BYTE 

FIGURE 3 - WORD AND BYTE FORMATS 

2.1 REGISTERS AND MEMORY 

'278 

The 9900 employs an advanced memory·to·memory architecture. Blocks of memory designated as workspace replace 
internal-hardware registers with program·data registers. The 9900 memory map is shown in Figure 4. The first 32 
words are used for interrupt trap vectors. The next contiguous block of 32 memory words is used by the extended 
operation (XOP) instruction for trap vectors. The last two mtlmory words, FFFC16 and FFFE16, are used for the 
trap vector of the LOAD signal. The remaining memory is then available for programs, data, and workspace registers. 
If desired, any of the special areas may also be used as general memory. 

Three internal registers are accessible to the user. The program counter (PC) contains the address of the instruction 
following the current instruction being executed. This address is referenced by the processor to fetch the next 
instruction from memory and is then automatically incremented. The status register (ST) contains the present state of 
the processor and will be further defined in Section 3.4. The workspace pointer (WP) contains the address of the first 
word in the currently active set of workspace registers. 

A workspace-register file occupies 16 contiguous memory words in the general memory area (see Figure 4). Each 
workspace register may hold data or addresses and function as operand registers, accumulators, address registers, or 
index registers. During instruction execution, the processor addresses any register in the workspace by adding the 
register number to the contents of the workspace pointer and initiating a memory request for the word. The 
relationship between the workspace pointer and its corresponding workspace is shown in Figure 5. 

The workspace concept is particularly valuable during operations that require a context switch which is a change from 
one program environment to another (as in the case of an interrupt) or to a subroutine. Such an operation, using a 
conventional multi.register arrangement, requires that at least part of the contents of the register file be stored and 
reloaded. A memory cycle is required to store or fetch each word. By exchanging the program counter, status register, 
and workspace pointer in the 9900 concept accomplishes a complete context switch withonly three store cycles and 
three fetch cycles. See Figure 5. After the switch the workspace pointer contains the starting address of a new 
16-word workspace in memory for use in the new routine. A corresponding time saving occurs when the original 
context is restored. Instructions in the 9900 that result in a context switch include: 

3 
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GENERAL MEMORY 

PROGRAM A 

~ 
TMS 9900 

H I PC (AI 

.. ~ .. :0-

WORKSPACE REGISTER 0 
I 

WP (AI I I 

WORKSPACE A 

I ST (AI I 
WORKSPACE REGISTER 15 

.. ::> .. ~ 

PROGRAM B 

.. 7 .::-

WORKSPACE B 

FIGURE 5 - MEMORY·TO·MEMORY WORKSPACE CONCEPT 

1. Branch and Load Workspace Pointer (BLWP) 

2. Return from Subroutine (RTWP) 

3. Extended Operation (XOP). 

Device interrupts, ~, and LOAD also cause a context switch by forcing the processor to trap to a service 
subroutine. 

2.2 INTERRUPTS 

'278 

The 9900 employs 16 interrupt levels with the highest priority level 0 and lowest level 15. Level 0 is reserved for the 
R"EStT function and all other levels may be used for external devices. The external levels may also be shared by 
several device interrupts, depending upon system requirements. 

The 9900 continuously compares the interrupt code (lCO through IC3) with the interrupt mask contained in 
status·register bits 12 through 15. When the level of the pending interrupt is less than or equal to the enabling mask 
level (higher or equal priority interrupt), the processor recognizes the interrupt and initiates a context switch 
following completion of the currently executing instruction. The processor fetches the new context WP and PC from 
the interrupt vector locations. Then, the previous context WP, PC, and ST are stored in workspace registers 13, 14, 
and 15, respectively, of the new workspace. The 9900 then forces the interrupt mask to a value that is one less than 
the level of the interrupt being serviced, except for level·zero interrupt, which loads zero into the mask. This allows 
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only int.rrupts of high.r priority to int.rrupt a service routin •. Th. processor also inhibits interrupts until the first 
instruction of the service routine hal baan ax.cut.d to pres.rv. program linkag. should a higher priority interrupt 
occur. All interrupt requests should remain active until r.cognized by the processor in the device-service routin •. The 
individual s.rvice routin •• must r .. et the int.rrupt requests before the routine is complete. 

If a higher priority interrupt occurs •• second context twitch occurs to service the high.r priority int.rrupt. Wh.n th.t 
routine II complet •• a r.turn inltructlon (RTWPI restor .. the first service routine param.t.rs to the procelsor to 
compl.t. proc.ssing of tha lower-priority Interrupt. All Int.rrupt subroutin •• thould terminate with tha return 
instruction to r •• tore original prollram param.terl. Th. int.rrupt-vector locationl, device assignmant, .nabling-m.lk 
valu •• and tha interrupt code .r. Ihown in Tabl. 1. 

I ntlrrupt LlVel 

IHighest priority! 0 
1 

2 

3 
4 

5 

8 
7 

8 
9 

10 

11 

12 

13 

14 

ILowest priority! 15 

Vector Locltlon 

IMemory Add ... 
In He.! 

00 

04 

08 
OC 

10 
14 

18 

lC 

20 
24 

2B 
2C 

30 

34 

38 

3C 

TABLE I 

INTERRUPT LEVEL DATA 

DlVlce A .. lgnment 

Rlltt 
Ext.rnel device 

EXllrnl1 dlvice 

Intlrrupt Milk Vilul. To Intlrrupt 

Enlble R_tl .. Interrupti Codll 

IST12 thru ST'S! ICO thru IC3 

o through FO 0000 
, through F 0001 
2 through F 0010 
3 through F 0011 
4 through F 0100 
5 through F 0101 

8 through F 0110 
7 through F 0111 

8 through F 1000 
9 through F 1001 
A through F 1010 
8 through F 1011 
C through F 1100 
o through F 1101 

E and F 1110 

F only 1111 

• Level 0 cen not be dl.abled. 

Th. 9900 interrupt Int.rfac. utillz •• stand.rd TTL compon.nts al shown In Figure 6. Note that for .ight or 1111 
.xurnal inurrupts a Ilnlll. SN64/74148 II requirad and for on. external Interrupt l'NTRm is us.d as the int.rrupt 
.ignal with a h.rd-wir.d code ICO through IC3. 

2.3 I/O INTERFACE COMMUNICATIONS-REGISTER-UNIT (CRUI 

6 

The S8P 9800 communication.-rellist.r-unlt (CRUI is a versatil •• direct command-driven serial I/O interface. The CRU 
may directly .ddr .... In blt-fialds of one to sixtean, up to 4096 peripheral Input bits and up to 4096 peripheral output 
bits. Th. SBP 9800 axecutes three slngl.-bit Ind two multi pl.-bit CRU instructions. Th. sinlll.-bit instructions include 
TEST BIT (TBI. SET BIT TO ONE (SBOI. and SET BIT TO ZERO (SBZI; the multiple-bit instructions includ. LOAD 
CRU (LDCRland STORE CRU (STCRI. 

The SBP 9800 employ. three dedicated 1/0 lignll. CRUIN, CRUOUT, CRUCLK.and the least significant twelve bits 
of the addr.ss bus to support the CRU inurface. CRU interface timing is shown in Section 2.9. 
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FIGURE & - 8800 INTERRUPT INTERFACE 

INTREQ 

ICO 

ICl 

11.00 

IC2 

IC3 

2.4 SINGLE-BIT CRU OPERATIONS 

The 9900 performs three single-bit CRU functions: test bit (TB), set bit to one (SBO), and set bit to zero (SBZ). To 
identify the bit to be operated upon, the 9900 develops a CRU-bit address and places it on the address bus, A3 to 
A14. 

For the two output operations (SBO and SaZ), the processor also generates a CRUCLK pulse, indicating an output 
operation to the CRU device, and places bit 7 of the instruction word on the CRUOUT line to accomplish the 
specified operation (bit 7 is a ona for SBO and a zero for SaZ). A tast-bit instruction transfers the addressed CRU·bit 
from the CRUIN Input line to bit 2 of the status register (EQUAL). 

The 9900 develops a CRU-bit address for the single-bit operations from tha CRU-base address contained in workspace 
registar 12 and the signed displacement count contained in bits a through 15 of the instruction. The displacement 
allows two's complement addressing from base minus 128 bits through base plus 127 bits. The base address from W12 
Is added to the signed displacement specified in the instruction and the result is loaded onto the address bus. Figure 7 
iIIustratas the development of a single-bit CRU address. 

2.6 MULTIPLE-BIT CRU OPERATIONS 

127. 

The 9900 performs two multiple-bit CRU operations: store communications register (STCR) and load communica
tions register (LOCR). Both operations perform a data transfer from the CRU-to-memory or from memory-to-CRU as 
illustratad in Figure 8. Although the figure illustrates a full 16-bit transfer operation, any number of bits from 1 
through 16 may be involved. The LOCR instruction fetches a word from memory and right-shifts it to serially transfer 
it to CRU output bits. If the LOCR involves eight or fewer bits, those bits come from the right-justified field within 
the addressed byte of the memory word. If the LOCR involves nine or more bits, those bits come from the 
right-justified field within the whole memory word. When transferred to the CRU interface, each successive bit 
receives an address that is sequentially greater than the address for the previous bit. This addressing mechanism results 
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FIGURE 7 - 9900 SINGLE,BIT CRU ADDRESS DEVELOPMENT 

CRU CRU 
INPUT OUTPUT 
BITS BITS 

N N 

N+1 N+1 

INPUT {STCRI 

EFFECTIVE MEMORY ADDRESS 14 

OUTPUT {LDCRI 
N+14 N+14 

N+15 N+15 

N ~ BIT SPECIFIED BY CRU BASE REGISTER 

FIGURE I - 9900 LDCRISTCR DATA TRANSFERS 

in an order reversal of the bits; that is, bit 15 of the memory word (or bit 7) becomes the lowest addressed bit in the 
CRU and bit 0 becomes the highest addressed bit in the CRU field, 

An STCR instruction transfers data from the CRU to memory, If the operation involves a byte or less transfer, the 
transferred data will be stored right-justified in the memory byte with leading bits set to zero_ If the operation 
involves from nine to 16 bits, the transferred data is stored right-justified in the memory word with leading bits set to 
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INO 

IN7 

IN8 

zero. When the input from the CRU device is complete, the first bit from the CRU is the least-significant·bit position 
in the memory word or byte. 

Figure 9 illustrates how to implement a 16·bit input and a 16·bit output register in the CRU interface. CRU addresses 
are decoded as needed to implement up to 256 such 16-bit interface registers. I n system application, however, only 
the exact number of interface bits needed to interface specific peripheral devices are implemented. It is not necessary 
to have a 16-bit interface register to interface an a·bit device. 
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FIGURE 9 - 9IlOO 16·BIT INPUT/OUTPUT INTERFACE 

2.6 EXTERNAL INSTRUCTIONS 

12711 

The 9900 has five external instructions that allow user·defined external functions to be initiated under program 
control. These instructions are CKON, CKOF, RSET, IDLE, and LREX. Th_ mnemonics, except for IDLE, relate to 
functions implemented in the 990 minicomputer and do not restrict use of the instructions to initiate various 
user·defined functions. IDLE also causes the 9900 to enter the idle state and remain until an interrupt, ~, or 
mAl) occurs. When any of these five instructions are executed by the 9900, a unique 3·bit code appears on the 
most·significant 3 bits of the address bus (AD through A21 along with a CRUCLK pulse. When the 9900 is in an idle 
state, the 3·bit code and CRUCLK pulses occur repeatedly until the idle state is terminated. The codes are shown in 
Table 2. 

Figure 10 illustrates typical external decode logic to implement thlSe instructions. Note that a signal is generated to 
inhibit CRU decodes during external instructions. 
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9900 

TABLE 2 

EXTERNAL INSTRUCTIONS 

EXTERNAL INSTRUCTION AO A1 

LREX H H 

CKOF H H 

CKON H L 

RSET L H 

IDLE L H 
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V 15 

CRU CLOCK SIGNAL 

~ VO V7 
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i B V5 
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--
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--CKOF 

CKON 

--
RESET 

--
IDLE 

FIGURE 10 - EXTERNAL INSTRUCTION DECODE LOGIC 

TO USER DEFINED 
EXTERNAL INSTRUCTION 
LOGIC 

2.7 LOAD FUNCTION 

10 

The mAD signal allows cold·start ROM loaders and front panels to be implementad for the 9900. When active, 
mAD causes the 9900 to initiate an interrupt sequence immediately following the instruction being executed. 
Memory location FFC is used to obtain the vector (WP and PCI. The old PC, WP and ST are loaded into the new 
workspace and the interrupt mask is set to 0000. Then, program execution resumes using the new PC and WP. 
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2.8 SSP 9900 PIN DESCRIPTION 

Table 3 describes the function of each SSP 9900 pin, and Figure 11 illustrates their assigned locations. 

1I0NATURE PIN 

AOIMSB) 

A14 (LSB) 

DOIMSB) 

D16ILSB) 

INJ 
INJ 
INJ 
INJ 

OND 
OND 
GND 
OND 

CLOCK 

DBIN 

127. 

24 

10 

41 

56 

9 
26 
40 
57 

2 
27 
28 

8 

29 

63 

61 

TABLE 3 
9900 PIN ASSIGNMENTS AND FUNCTIONS 

1/0 DESCRIPTION 

ADDRESS BUS 
OUT AO (MSB) through A14 (LSB) comprise the 

address bus. This open~ollector bus pro· 
vides the memory-address vector to the 
axternal·mamory system when MEMEN is 
active, end IIO-bit addres.es to the 1/0 
system when MEMEN is inactive. When 
HOLDA is active, the address bus is pulled 
to the logic level HIGH state by the individ
ual pull-up resistors tied to each respective 

OUT open-collector output. 

DATA BUS 
1/0 DO (MSB) through 015 (LSB) comprise the 

bidirectional open-collector data bus. This 
bus transfers memory data to (when writ
ing) and from (when reading) the external
memory system when MEMEN is active. 
When HOLDA is active, the data bus is 
pulled to the logic level HIGH state by the 
individual pull-up resistors tied to each 

1/0 respactive opan-collector output. 

IN 

POWER SUPPLY 
Injector-Supply-Current 
I njector-Suppl v-Current 

Injector-Supply-Current 
I njactor-Supply-Current 

Ground Reference 
Ground Reference 
Ground Reference 
Ground Reference 

CLOCK 
CLOCK 

BUS CONTROL 
OUT DATA BUS IN. When active (pulled to logic 

level HIGH), DBIN indicetes that the SaP 
9900 has disabled its output buffers to 
allow the memory to place memory·read 
date on the data bus during MEMEN. DBIN 
remains at logic level LOW in all other cases 
except when HOLDA is active (pulled to 
logic leval HIGH). 

FIGURE 11 - SBP 9900 PIN ASSIGNMENTS, 

GND 1 

GND 2 
WAIT 3 

[Q.liJj 4 

HOLDA 5 

RESET 6 

lAO 7 

CLOCK 8 

INJ 9 

A14 10 

A13 11 

A12 12 

All 13 

Al0 14 

A9 15 

A8 16 

A7 17 

A6 18 

A5 19 

A4 20 

A3 21 

A2 22 

Al 23 

AO 24 

NC 25 

INJ 26 

GND 27 

GND 26 

DBIN 29 

D 

64 HOLD 

63 MEMEN 

62 READY 

61 WE 

60 CRUCLK 

59 CYCEND 
58 NC 

57 INJ 

56 015 

55 014 

54 013 

53 012 

52 011 

51 010 

50 D9 

49 DB 

48 07 

47 D6 

46 D5 

45 04 

44 03 

43 02 

42 01 

41 DO 

40 INJ 

39 NC 
38 NC 

37 NC 
36 ICO 

35 ICI 
34 IC2 

CRUOUT 30 

CRUIN 31 

IJiITREQ 32 ~~ ____________ ~r-33 IC3 

NC-No internal connection 

OUT MEMORY ENABLE. When active (logic level LOW), MEMEN indicetes that the address bus contains a memory 
address. 

OUT WRITE ENABLE. When ective (logic level LOW). WE indicates that the SBP 9900 data bus is outputting data to 
be written into memory. 
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SIGNATURE PIN 

CRUCLK 60 

CRUIN 31 

CRUOUT 30 

32 

ICO(MS81 36 

ICO (LSBI 33 

64 

HOLDA 5 

READY 62 

WAIT 3 

IAQ 7 

59 

4 

12 

1/0 

OUT 

IN 

OUT 

IN 

IN 

IN 

IN 

OUT 

IN 

OUT 

IN 

OUT 

IN 

TABLE 3 (CONTINUEDI 

DESCRIPTION 

COMMUNICATIONS-REGISTER-UNIT (CRUI CLOCK. When active (pulled to logic level HIGH), 
CRUCLK indicates to the external interface logic the presence of output data on CRUOUT, or the 
presence of an encoded external instruction on AO through A2. 

CRU DATA IN_ CRUIN, normally driven by 3-state or open-collector devices, receives input data from 
the external interface logic. When the S8P 9900 executes a STCR or T8 instruction, it samples CRUIN 
for the level of the CRU input bit specified by the address bus IA3 through A141. 

CRU DATA OUT. CRUOUT outputs serial data when the S8P 9900 executes a LDCR, S8Z, 580 
instruction. The data on CRUOUT should be sampled by the external interface logic when CRUCLK goes 
active (pulled to logic level HIGHI. 

INTERRUPT CONTROL 
INTERRUPT REQUEST. When active (logic level LOW), ~ indicates that an external interrupt is 
requesting service. If T"NTRm is active, the SBP 9900 loads the data on the interrupt-code input-lines ICO 
through IC3 into the internal interrupt-<:ode storage register. The code is then compared to the interrupt 
mask bits of the status register. If equal or higher priority than the enabled interrupt level (interrupt code 
equal or less than status register bits 12 through 151, the SBP 9900 initiates the interrupt sequence_ If the 
compari$on fails, the SBP 9900 ignores the interrupt request. In that case,llii'I'REO should be held active_ 
The SBP 9900 will continue to sample ICO through IC3 until the program enables a sufficiently low 
interrupt-level to accept the requesting interrupt. 

INTERRUPT CODES. ICO (MSBI through IC3 (LSBI, receiving an interrupt identity code, are sampled by 
the SBP 9900 when ~ is active (logic level LOWI. When ICO through IC3 are LLLH, the highest 
priority external interrupt is requesting service; when HHHH. the lowest priority external interrupt il 
requesting service. 

MEMORY CONTROL 
When active (logic level LOWI, FIOUi indicates to the SBP 9900 that an external controller (e_g., DMA 
device~ desires to use both the address bus and data bus to transfer data to or from memory. In respon_, 
the SBP 9900 enters the hold state after completion of its present memory cycle. The SBP 9900 then 
allows its address bus, data bus, WE,IIifEMElii, DBIN, and HOLDA facilities to be pulled to the logic level 
HIGH state. When HOLD is deactivated, the SBP 9900 returns to normal operation from the point'at 
which it was stopped. 

HOLD ACKNOWLEDGE_ When active (pulled to logic level HIGH), HOLDA indicates that the SBP 9900 
is in the hold state and that its address bus, data bus, WE, MEME'ii, and OBI N facilities are pulled to the 
logic level HIGH state. 

When active (logic level HIGH), READY indicates that the memory will be ready to read or write during 
the next clock cycle. When not-ready is indicated during a memory operation, the SBP 9900 enters a wait 
state and suspends internal operation until the memory systems activate READY. 

When active (pulled to logic level HIGH). WAIT indicates that the SBP 9900 has entered a wait state in 
response to a not-ready condition from memory. 

TIMING AND CONTROL 
INSTRUCTION ACQUISITlON_ IAQ is active (pulled to logic level HIGHI during any SBP 9900 initiated 
instruction acquisition memory cycle_ Consequently, IAQ may be used to facilitate detection of illegal op 
codes. 

CYCLE END_ When active (logic level LOW), ~ indicates that the SBP 9900 will initiate a new 
microinstruction cycle on the low-to-high transition of the next CLOCK. 

When active (logic level LOWI, LOAD causes the SBP 9900 to execute a nonmaskable interrupt with 
memory addresses FFFC16 and FFFE16 containing the associated trap vectors (WP and PC\' The load 
sequence is initiated after the instruction being executed is completed. LOAD will also terminate an idle 
state. If mAD is active during the time 'RESET is Bctive, the LOAD trap will occur after the RESET 
function is completed. LOAD should remain active for one instruction execution period (lAQ may be 
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TABLE 3 (CONCLUDEDI 

IIGNATURE PIN I/O DESCRIPTION 

tmrn (Cont.1 uaed to monitor instruction boundarilll. ~ may be uoed to implement cold·start ROM loeders. 
Additionally. front·panel routinll may be implemented using CRU bits 81 front-panel-interf_ signals, 
and software·control routines to direct the panel operations. 

6 IN When active !logic level LOWI, lfESET ceuses the SBP 9900 to r_t itself and inhibit "WE and CRUCLK. 
When ~ is released, the S8P 9900 initiates a level·zero interrupt sequence BCQuiring the WP and PC 
trap vectors from memory locations 000016 end 000216, .11 ell statUI register bitl to logic I ... el LOW, 
and then fetches the fir.t instruction of the re.et program environment. "FfESET must be held active for 8 

minimum of three CLOCK cycles. 

2.9 SSP 9900 TIMING 

2.9.1 SSP 9900 MEMORY 

127. 

The SSP 9900 basic memory timing for a memory-read cycle with no wait states, and a memory·write cycle with one 
wait state, is as shown in Figure 12. During each memory·read or memory·write cycle, mMEN becomes active lIogic 
level LOW) along with valid memory·address data appearing on the address bus (AO through A 14). 

CLOCK 

CYCLE 
END 

DIIN 

AG-A14 

READY 

WAIT 

~'_ __ -+.JI 
____ ~V \~ ______ ~ ________ ~~ __ _ 

I I 

: I \.~ ___ --J/~ 

_____ -1X VALID ADDRESSX X VALID ADDRESS X,, __ _ 
~~:n;kw .~~E'n;~e:& I ~;~n!!~ r-- I I 

___ ~I----I----~I---J~'--~---
----{ r---..... I 

OO-D15 cpu DRIVEN cpu WRITE DATA CPU DRIVEN 

IAQ 

cycle 

T 

MEMORY READ CYCLE WITH 
NO WAITS 

RD· READ DATA 

i l 
T 

MEMORY WRITE CYCLE WITH ONE WRITE 

FIGURE 12 - SSP 9800 MEMORY BUS TIMING 

13 



In the case of a memory-read cycle, DSIN becomes active (pulled to logic level HIGH) at the seme time 
memory-address data becomes valid; the memory write strobe 'WE' remains inactive (pulled to logic level HIGH). If the 
memory-read cycle is initiated for acquisition of an instruction, lAO becomes active (pulled to logic level HIGH) at 
the same time MEMm becomes active. At tha end of a memory-read cycle, fYlEM"E1\I and DSIN together become 
inactive. At that time, though the address may change, the data bus remains in the input mode until terminated by the 
next high-to-low transition of the clock. 

In the case of a memory-write cycle, m becomes active (logic level LOW) with the first high-to-low transition of the 
clock after ~ becomes active; DSIN remains inactive. At the end of a memory-write cycle, m and ~ 
together become inactive. 

During either a memory-read or a memory-write operation, READY may be used to extend the duration of the 
associated memory cycle such that the speed of the memory system may be coordinated with the speed of the SSP 
9900. If READY is inactive (logic level LOW) during the first low-to-high transition of the clock after M'EU'ElQ 
becomes active, the SSP 9900 will enter a wait state suspending further progress of the memory cycle. The fil'lt 
low-to-high transition of the clock after READY becomes active terminates the wait state and allows normal 
completion of the memory cycle. 

2.9.2 SBP 9900 HOLD 

The SBP 9900 hold facilities allow both the '9900 and external devices to share a common memory. To glin 
memory-bus control, an external device requiring direct memory access (DMA) sends a hold request fROID) to the 
SSP 9900. When the next available non-memory cycle occurs, the SSP 9900 enters a hold state and signals its 
surrender of the memory-bus to the external device via a hold acknowledge (HOLDA). Receiving the hold 
acknowledgement, the external device proceeds to utilize the common memory. After its memory requirements have 
been satisfied, the external device returns memory-bus control to the SSP 9900 by releasing ROID. 

When R'O"[D' becomes active (logic level LOW), the SBP 9900 enters a hold state at the beginning of the next available 
non-memory cycle as shown below. Upon entering a hold state, HOLDA becomes active (pulled to logic level HIGH) 
with the following signals pulled to a HIGH logic level by the individual pull-up resistors tied to each respective 
opan-collector output: DSIN, fYlEM"E1\I, WE, AO through A14, and DO through 015. When ROI:D becomes inactive, 
the SBP 9900 exits the hold state and regains memory-bus control. If ROI:D becomes active during a CRU operation, 
the SBP 9900 uses In extra clock cycle after the deactivation of RMC to reassert the CRU address thereby providing 
the normal setup time for the CRU-blt transfer, 

2.9.3 SBP 9900 CRU 

14 

The transfer of two data-bits from memory to a peripheral CRU device, and the transfer of one data-bit from a 
peripheral CRU device to memory, is shown in Figure 14. To transfer a data-bit to a peripheral CRU device, the SBP 
9900 outputs the corresponding CRU-bit-address on address bus bits A3 through A 14 and the respective data-bit· on 
CRUOUT. During the second clock cycle of the operation, the SBP 9900 outputs a pulse, on CRUCLK, indicating to 
the peripheral CRU device the presence of a data-bit. This process is repeated until transfer of the entire field of 
data-bits specified by the CRU Instruction has been accomplished. To transfer a data-bit from a peripheral CRU 
device, the SBP 9900 outputs the corresponding CRU-bit-Address on address bus bits A3 through A 14 and receive. 
the respective data-bit on CRUIN. No CRUCLK pulses occur during a CRU input operation. 

1278 



~271 

CLDCK 

CYCLE 
END 

r.m.mI 

AO-A14 

_D1. 

DIIN 

IIEADY 

WAIT 

HDLDA 

CLDCK 

CYCLE 
END 

AD-A1. 

CIIUCLK 

CIIUDUT 

CIIUIN 
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I 
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FIGURE 13 - SIP 1800 HOLD TIMING 
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3. 9900 INSTRUCTION SET 

3.1 DEFINITION 

Each 9900 instruction performs one of the following operations: 

• Arithmetic. logical, comparison, or manipulation operations on data 

• Loading or storage of internal registers (program counter, workspace pointer, or status) 

• Data transfer between memory and external devices via the CRU 

• Control functions. 

3.2 ADDRESSING MODES 

The 9900 instructions contain a variety of available modes for addressing random·memory data (e.g., program 
parameters and flags), or formatted memory data (character strings, data lists, etc.). The following figures graphically 
describe the derivation of the effective address for each addressing mode. The applicability of addressing modes to 
particular instructions is described in Section 3.5 along with the description of the operations performed by thl 
instruction. The symbols following the names of the addressing modes [R, *R, *R+, @ LABEL, or @TABLE (R)) are 
the general forms used by 9900 assemblers to select the addressing mode for register R. 

3.2.1 WORKSPACE REGISTER ADDRESSING R 

Workspace Register R contains the operand. 

Register R 

(PC)--j Instruction ~WP)+2R-..j Operand 

3.2.2 WORKSPACE REGISTER INDIRECT ADDRESSING *R 

Workspace Register R contains the address of the operand. 

Registor R 

(PC)-1 Instruction ~WP)+2R-1 Addre .. H Operand 

3.2.3 WORKSPACE REGISTER INDIRECT AUTO INCREMENT ADDRESSING *R+ 

Workspace Register R contains the address of the operand. After acquiring the operand, the contents of workspace 
register R are incremented. 

opera~J 
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3.1.4 SYM80LIC {OIREC1"\ IIo.OORESSING @ LIIo.8EL 

The word following the instruction contains the address of the operand. 

(PC) 

(PC)+2 

Instruction 

L-____ L_aM __ I ____ J-----~~_LI ___ o_p_._~_n_d __ j 

3.2.5 INDEXED ADDRESSING @ TABLE (RI 

The word following the instruction contains the base address. Workspace register R contains the index value. The 
sum of the base address and the index value results in the effective address of the operand. 

Register R 

(PCI-.j Instruction f----iWP)+2R 
Effecti .. 

Operand I 

(PCI+2-+-/ Table ~-----------------------' '------'-"-------' 

Add ... 

3.2.6 IMMEDIATE ADDRESSING 

The word following the instruction contains the operand. 

(PC) 

(PC)+2 

3.2.7 PROGRAM COUNTER RELATIVE ADDRESSING 

The 8-bit signed displacement in the right byte (bits 8 through 151 of the instruction is multiplied by 2 and added to the 
updated contents of the program counter. The result is placed in the PC. 

Jump Instruction 

Program Counter • DIIP 

3.2.8 CRU RELATIVE ADDRESSING 

1276 

The 8-bit signed displacement in the right byte of the instruction is added to the CRU base address (bits 3 through 14 
of the workspace register 12). The result is the CRU address of the selected CRU bit. 

Instruction 

(PC) OP CODE DISP 

o 7 8 16 
CRUBit 

Ragistar 12 Add ... 

(WPI+2·12 ----------"l __ L~C~R~U~Ba~ .. ~A~d~d!..._LJt_----..../ 

o 23 14111 
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3.3 TERMS AND DEFINITIONS 

The terms used in describing the instructions of the 9900 are defined in Table 4. 

TERM 

B 

C 

0 
DA 

lOP 

LSB(nl 

MSB(nl 

N 

PC 

Result 

S 

SA 

ST 

STn 

TO 

TS 
W 

WAn 

Inl 
a-+b 

Inl 

+ 
-
AND 

OR 
@ 

n 

3.4 STATUS REGISTER 

TABLE 4 

TERM DEFINITIONS 

DEFINITION 
Bvte Indicator 11 =bvte, 0 = wordl 

Bit count 

Destination address register 

Destination eddress 

Immediate operand 

Least significant (right most I bit of Inl 

Most significant lIeft mostl bit of Inl 

Don't care 

Program counter 

Result of operation performed by instruction 

Source eddress regilter 

Source addreu 

Status register 

Bit n of status register 

Destination address modifier 

Source address modifier 

Workspace register 

Workspace register n 

Contents of n 

a is transferred to b 

Absolute value of n 
Arithmetic addition 

Arithmetic subtraction 

Logical AND 

Logical OR 

Logical exclusive OR 

Logical complement of n 

The status register contains the interrupt mask level and information pertaining to the instruction operation. Table 5 
explains the bit indications. 

7 8 9 10 11 

not used (-01 

18 

12 13 14 15 

ST12 ST13 ST14 ST15 
Int.rrupt Mask 
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TABLE 6 

STATUS REGISTER BIT DEFINITIONS 

BIT NAME INSTRUCTION CONDITION TO SET BIT TO 1 

STO LOGICAL C,CB II MSB(SAI : 1 and MSB(DAI : 0, or if MSB(SAI = MSB(oAI 

GREATER and MSB of [(DAHSAI] = 1 

THAN CI If MSB(WI : 1 and MSB of lOP: 0, or if MSB(WI = MSB of 

lOP and MSB of [IOP·(WI I : 1 

ABS If (SAl '* 0 
All Others II result '* 0 

ST1 ARITHMETIC C,CB II MSB(SAI • 0 and MSB(oAI : 1, or if MSB(SAI = MSB(oAI 

GREATER and MSB of [(oAI·(SAII = 1 

THAN CI If MSB(WI = o and MSB of lOp: 1, or if MSB(WI = MSB of 

lOP and MSB of [I0P·(WI I : 1 

ABS If MSB(SAI = 0 and (SAl '* 0 

All Others If MSB of result: 0 and result '* 0 

ST2 EaUAL C,CB If (SA) : (oA) 

C1 If (W) = lOP 

COC If (SA) and COAl = 0 

CZC II (SA) and (oA) = 0 

TB II CRUIN: 1 

ABS If (SA) = 0 

All Other. If result = 0 

ST3 CARRV A, AB, ABS, AI, DEC, 

oECT, INC, INCT, If CARRV OUT: 1 

NEG,S,SB 

SLA, SRA, SRC, SR L If last bit shiftad out: 1 

ST4 OVERFLOW A,AB If MSB(SA) = MSB(oA) and MSB of result '* MSB(oA) 

AI If MSB(WI = MSB of lOP and MSB of result '* MSB(WI 

S,SB II MSB(SAI '* MSB(oA) and MSB of result '* MSB(oA) 

oEC,oECT If MSB(SA) = 1 and MSB of result = 0 

INC,INCT If MSB(SAI = 0 and MSB of result = 1 

SLA If MSB change' during shift 

olV If MSB(SAI = 0 and MSB(oAI = 1, or if MSB(SAI = MSB(oA) 

and MSB of [(oAHSA)1 - 0 

ABS, NEG If (SA) = Boo016 

ST5 PARITV CB,MOVB If (SA) ha. odd number of 1', 

LoCR,STCR If 1 " C " 8 and (SAl has odd number of 1', 

AB, SB, SOCB, SZCB If result has odd number of 1', 

ST6 XOP XOP If XOP in'truction is executad 

ST12-ST15 INTERRUPT LIMI If corresponding bit of lOP i, 1 

MASK RTWP If corresponding bit of WR16 is 1 

3.5 INSTRUCTIONS 

3.5.1 Dual Operand Instruction. with Multiple Addressing Modes for Source and Destination Operand 

o 1 2 

General format: [yPCOoE 

12711 

3 

B 

4 5 

TO 

6 7 8 

o 

9 10 11 

TS 

12 13 14 16 

S 
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If B = 1 the operands are bytes and the operand addresses are byte addresses. If B = 0 the operands are words and the 
operand addresses are word addresses. 

The addressing mode for each operand is determined by the T field of that operand. 

TSOR TO SOR 0 ADDRESSING MODE NOTES 

00 0.1 .... 15 Workspace register 1 

01 0.1 •... 15 Workspace register indirect 

10 0 Symbolic 4 

10 1.2 •... 15 Indexed 2,4 

11 0.1 .... 15 Workspace register indirect auto·increment 3 

NOTES: 1. When a workspace register is the operand of • byte instruction (bit 3 '" 1), the left byte (bits 0 through 7) is the operand and the 

right byte (bits 8 through 15) is unchanged. 

2. Workspace register 0 may not be used for indexing. 

3. The workspace rqister is incremented by 1 for byte ins.ruction, (bit 3 "" 1) and is incremented by 2 for word instructions (bit 3 = 0), 

4. When TS :::: TO = 10, twO words ar. required in addition to the instruction word. The first word is the source operand b •• 

addreu and the second word is the d •• tin.tion operand ba.e addre ... 

RESULT STATUS 
OPCODE B 

MEANING COMPARED MNEMONIC BITS 
0 1 2 3 

TOO AFFECTED 

A 1 0 1 0 Add Ves 04 

AB 1 0 1 1 Add bytes Ves 0-5 

C 1 0 0 0 Compare No 0·2 

CB 1 0 0 1 Compare bytes No 0·2.5 

S 0 1 1 0 Subtract Ves 04 

SB 0 1 1 1 Subtract bytes Ves 0·5 

SOC 1 1 1 0 Set ones corresponding Ves 0·2 

SOCB 1 1 1 1 Set ones corresponding bytes Ves 0-2.5 

SZC 0 1 0 0 Set zeroes corresponding Ves 0-2 

SZCB 0 1 0 1 Set zeroes corresponding bytes Ves 0-2.5 

MOV 1 1 0 0 Move Ves 0-2 

MOVB 1 1 0 1 Move bytes Ves 0·2.5 

3.5.2 Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and 
Workspace Register Addreuing for the Destination 

o 2 3 4 5 6 7 6 9 

General format: OP CODE o 

The addressing mode for the source operand is determined by the TS field. 

TS S ADDRESSING MODE 

00 0.1 .... 15 Workspace register 

01 0.1 .... 15 Workspace register indirect 

10 0 Symbolic 

10 1.2 •... 15 Indexed 

11 0.1 •... 15 Workspace register indirect auto increment 

NOTES: 1. Workspace ragister 0 may not be used for indexing. 

2. The workspace ,egister is incremented bV 2. 

20 

10 

TS 

DESCRIPTION 

(SA)+(DAl ~ (DA) 

(SA)+(DA) ~ (DA) 

Compare (SA) to (DA) and set 

appropriate status bits 

Compare (SA) to (DA) and set 

appropriate status bits 

IDA) - (SA) ~ (DA) 

(DA) - (SA) ~ (DA) 
(DA) OR (SA) ~ (DA) 

(DA) OR (SA) ~ (DA) 

(DA) AND (SA)-+(OA) 

(DA) AND (SA) -+ (OA) 

(SA) -> (DA) 

(SA) -+ (DA) 

11 12 13 14 15 

S 

NOTES 

1 

2 
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OPCODE 
RESULT STATUS 

MNEMONIC MEANING COMPARED BITS DESCRIPTION o 1 234 5 
TOO AFFECTED 

COC o 0 1 000 Compare ones No 2 Test (D) to determine if l's are in each bit 

corresponding position where l's are in (SA), If so, set ST2. 

CZC 00 1 001 Compare zeros No 2 Test (D) to determine if O's are in each bit 

corresponding position where l's are in (SA). If so, set ST2. 

XOR o 0 1 0 1 0 Exclusive OR Yes 0·2 (0) G) (SA) -+ (D) 

MPV o 0 1 1 1 0 Multiply No Multiply unsigned (D) by unsigned (SA) and 

place unsigned 32-bit product in 0 (most 

significant) and 0+1 lieast significant). II WR15 

is 0, the next word in memory after WR15 will 

be used for the least significant half of the 

product. 

DIV o 0 1 1 1 1 Divide 1\10 4 If unsigned (SA) is I.ss than or equal to unsigned 

(D), perform no operation and set ST4. Otherwise, 

divide unsigned (0) and (0+1) by unsigned 

(SAl. Quotient - (0), remainder - 10+11 II 
o = IS, the next word in memory after WR 15 

will be used for the remainder. 

3.6.3 Extended Operation (XOP) Instruction 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: o o o o TS S 

The TS and S fields provide multiple mode addressing capability for the source operand. When the XOP is executed. 
ST6 is set and the following transfers occur: (4016 + 40) -+ (WP) 

(4216 + 40) .... (PC) 
SA .... (newWR11) 
(old WP) .... (new WR 13) 
(old PC) -+ (new WR14) 
(old ST) .... (new WR1S) 

The 9900 does not test interrupt requests (lNTREQ) upon completion of the XOP instruction. 

3.5.4 Single Operand Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OPCOOE TS S I L_ ______________________________________ ~ ______ L_ ______________ .j 

The TS and S fields provide multiple mode addressing capability for the source operand. 
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OPCODE 
RESULT STATUS 

MNEMONIC o 1 2 346 8 788 
MEANING COMPARED BITS DESCRIPTION 

TOO AFFECTED 

B 00000 1 000 1 Branch No - SA- (PCI 

BL o 0 0 0 0 1 101 0 Branch and link No - (PCI .... (WRlll; SA .... (PC) 

BLWP 00000 1 o 0 0 0 Branch and load No - (SA) .... (WP); (SA+21 .... (PCI; 

work.pace pointer (old WP) .... (new WR 13); 

(old PCI .... (new WR141; 

(old STI .... (naw WR151; 

tha intarrupt input (iiiiTREQ) il not 

te.ted upon completion of the 

BLWP instruction. 

CLR 000001 00 1 1 Clear operand No - 0 .... (SAl 

SETO 000001 11 o 0 Sat to one. No - FFFF16 .... (SAl 

INV o 0 0 0 0 1 0 1 o 1 Invert Ves 0·2 (SAl .... (SAl 

NEG o 0 0 0 0 1 o 1 o 0 Negate Ve. 0·4 -(SA) .... (SA) 

ABS o 0 0 0 0 1 1 1 0 1 Absolute value- No 0-4 I(SAII .... (SAI 

SWPB 00000 1 1 01 1 Swap bytes No - (SAl, bits 0 thru 7 .... (SAl. bits 

8 thru 15; (SA), bits 8 thru 15 .... 

(SAl. bits 0 thru 7. 
INC 00000 1 o 1 1 0 Increment Ve. 0-4 (SAl + 1 .... (SAl 

INCT o 0 0 0 0 1 01 1 1 Increment by two Ves 0-4 (SAl + 2 .... (SAl 

OEC 00000 1 1 000 Decrement Ves 0-4 (SAI- 1 .... (SAl 

DECT o 0 0 0 0 1 100 1 Decrement by two Ves 0-4 (SAI- 2"" (SAl 

xt o 0 0 0 0 1 001 0 Execute No - Execute the instruction at SA. 

.. Operand is compared to zaro for statuI bit. 
t If additional memory words for the executa instruction ar. required to define the operands of the instruction located at SA, the .. wordl 
will ba accelled from PC and the PC will be updated accordingly, The instruction acquisition signal (lAQ) will not ba true when the 9900 
acee .. e. the inltruction at SA. StatuI bits ar. affected in the norma' manner for the instruction 8xecuted, 

3.5.5 CRU Multiple·Blt Instruction. 

22 

o 2 3 4 6 8 7 8 I 10 " 12 13 14 16 

General format; OPCODE C TS S 

The C field specifies the number of bits to be transferred. If C = 0, 16 bits will be transferred. The CRU base regist.r 
(WR12, bits 3 through 141 defines the starting CRU bit address. The bits are transferred serially and the CRU address i. 
incremented with each bit transfer, although the contents of WR 12 is not affected. T5 and 5 provide multiple mode 
addressing capability for the source operand. If 8 or fewer bits are transferred (C = 1 through 81. the source address is. 
byte address. If 9 or more bits are transferred (C = O. 9 through 151, the source address is a word address. If the source 
is addressed in the workspace register indirect auto increment mode. the workspace register is incremented by 1 if 
C = 1 through 8. and is incremented by 2 otherwise. 
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OPCODE 
RESULT STATUS 

MNEMONIC MEANING COMPARED BITS DESCRIPTION o I 2 345 
TOO AFFECTED 

LDCR 001 100 Load communcation Ves 0.2.St Beginning with LSB of (SAl. transfer the 

register specified number of bits from (SAl to 

the CRU. 

STCR o 0 1 1 0 1 Store communc8tion Ves 0·2.St Beginning with LSB of (SAl. transfer the 

register lpacified number of bits from the CRU to 

(SA I. Load unfilled bit pOlitions with O. 

tITS II offoctod Only if 1 C; C C; 8. 

: 3.6.8 CRU Single.Bit Instructions 

o 2 3 4 5 6 7 8 9 10 I I 12 13 14 15 

General format: OP CODE SIGNED DISPLACEMENT 

CRU relative addressing is used to address the selected CRU bit. 

OPCODE 
STATUS 

MNEMONIC o I 234 5 6 7 
MEANING BITS DESCRIPTION 

AFFECTED 

SBO 000 1 1 1 o 1 Set bit to one - Set the selected CRU output bit to 1. 

SBZ 000 1 1 1 I 0 Set bit to zero - Set the selected CRU output bit to O. 

TB 000 1 1 1 1 1 Test bit 2 If the selected CR U input bit = 1. set ST2. 

3.5.7 Jump Instructions 

o 2 3 4 5 6 7 8 9 10 " 12 13 14 15 

General format: OPCODE DISPLACEMENT 

Jump instructions cause the PC to be loaded with the value selected by PC relative addressing if the bits of ST are at 
specified values. Otherwise, no operation occurs and the next instruction is executed since PC points to the next 
instruction. The displacement field is a word count to be added to PC. Thus, the jump instruction has a range of -128 
to 127 words from memory·word address following the jump instruction. No ST bits are affected by jump instruction. 

MNEMONIC 
OPCODE 

MEANING ST CONDITION TO LOAD PC 
0 I 2 3 4 6 6 7 

JEQ 0 0 0 I 0 0 I 1 Jump equal ST2· I 

JGT 0 0 0 1 0 I 0 1 Jump greater than STI -I 

JH 0 0 0 1 1 0 1 I Jump high STO-l andST2-0 

JHE 0 0 0 1 0 1 0 0 Jump high or aqual STO - 1 or ST2 = 1 

JL 0 0 0 1 1 0 1 0 Jump low STO - o and ST2· 0 

JLE 0 0 0 1 0 0 1 0 Jump low or aqual STO-OorST2= 1 

JLT 0 0 0 1 0 0 0 1 Jump less than STI ·0 and ST2 = 0 

JMP 0 0 0 1 0 0 0 0 Jump unconditional unconditional 

JNC 0 0 0 1 0 1 1 1 Jump no carry ST3 -0 

JNE 0 0 0 1 0 1 1 0 Jump not aqual ST2 -0 

JNO 0 0 0 1 1 0 0 1 Jump no overflow ST4 -0 

JOC 0 0 0 1 1 0 0 0 Jump on carry ST3- 1 

JOP 0 0 0 1 1 1 0 0 Jump odd parity STS = 1 
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3.5.8 Shift Instructionl 

o 2 3 4 Ii 6 7 8 9 10 11 12 13 14 16 

General format: OPCODE C W 

If C = 0, bits 12 through 15 of WRD contain the shift count. If C = 0 and bits 12 through 15 of WRO = 0, the shift 
count is 16. 

RESULT STATUS 

MNEMONIC 
OPCODE 

MEANING BITS DESCRIPTION COMPARED 
0 1 2 3 4 6 Ii 7 

TOO AFFECTED 

SLA 0 0 0 0 1 0 1 0 Shift left arith matic Ves 04 Shift (WI left. Fill vacated bit 

positions with O. 

SRA 0 0 0 0 1 0 0 0 Shift right arithmetic Ves 0·3 Shift (WI right. Fill vacated bit 

positions with original MSB of (WI. 

SRC 0 0 0 0 1 0 1 1 Shift right circular Ves 0·3 Shift (WI right. Shift previous LSB 

into MSB. 

SRL 0 0 0 0 1 0 0 1 Shift right logical Ves 0·3 Shift (WI right. Fill vacated bit 

positions with O's. 

3.5.9 Immediate Regilter Instructions 

o 2 3 4 Ii Ii 7 8 9 10 11 12 13 14 16 

General format: OPCODE N W 

lOP 

i RESULT STATUS 

MNEMONIC 
OPCODE 

I 
MEANING COMPARED BITS DESCRIPTION o 1 2 3 4 Ii 6 7 8 8 10 

TOO AFFECTED 

AI o 0 0 000 1 000 1 Add immediate Ves 04 (WI + lOP .... (WI 

ANDI o 0 0 0 0 0 1 001 0 AND immediate Ves 0·2 (WI AND lOP .... (WI 

CI o 0 0 000 1 010 0 Compare Ves 0·2 Compare (WI to lOP and set 

immediate appropriate status bits 

LI 00000 0 1 000 0 Load immediate Ves 0·2 lOP"" (WI 

ORI 000 0 001 001 1 OR immediate Ves 0·2 (WI OR lOP .... (WI 

3.5.10 Internal Register Load Immediate Instructions 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

General format: OPCODE N 

lOP 

MNEMONIC 
0 1 

OPCODE 

2 3 4 6 8 7 8 9 10 
MEANING DESCRIPTION 

LWPI 0 0 0 000 1 0 1 1 1 Load workspace pointer immediate lOP -+ (WPI, no ST bits affected 

LlMI 0 0 0 0 0 0 1 1 0 0 0 Load interrupt mask lOP, bits 12 thru 15 "'STI2 

thru ST15 
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3.5.11 Internal Register Store Instructions 

o 2 3 4 5 6 1 8 9 10 11 12 13 14 15 

General format: OPCODE N W 

No ST bits are affected. 

OP CODE 
MNEMONIC 

0 1 2 3 4 5 6 1 B 9 10 
MEANING DESCRIPTION 

STST 0 0 0 0 0 0 1 0 1 1 0 Store status register (STI--> (WI 

STWP 0 0 0 0 0 0 1 0 1 0 1 Store workspace pointer (WPI-->(WI 

3.5.12 Return Workspace Pointer (RTWP) Instruction 

0 2 3 4 5 6 1 8 9 10 11 12 13 14 15 

General format: 0 0 0 0 0 0 1 I I 1 0 0 N 

The RTWP instruction causes the following transfers to occur: 

(WR15) .... (ST) 
(WR14) .... (PC) 
(WR13) --> (WP) 

3.5.13 External Instructions 

0 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

General format: OPCODE N 

External instructions cause the three most-significant address lines (AO through A2) to be set to the below-described 
levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated. 

I 
STATUS ADDRESS 

OPCODE 
MNEMONIC MEANING BITS DESCRIPTION BUS o 1 2 3 4 5 6 1 8 9 10 

AFFECTED AD A1 A2 

IDLE 000 0 001 101 0 Idle 

I 
- Suspend TMS 9900 L H L 

instruction execution until 

I an interrupt, LOAD, or 
I RESET occur. 

RSET 000 000 1 1 0 1 1 Reset 12-15 0-+ ST12 thru ST15 L H H 

CKOF 000 0 001 1 1 1 0 User defined --- H H L 

CKON o 0 0 0 001 1 1 0 1 User defined --- H L H 

LREX o 0 0 0 001 1 1 1 1 User deli ned --- H H H 
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3.6 MICROINSTRUCTION CYCLE 

The SBP 9900 includes circuitry which will indicate the completion of a microinstruction cycle. Designated 85 the 
~ function, it provides CPU status that can simplify system design. The ~ output will go to. low logic 
level as a result of the low·to·high transition of each clock pulse which initiates the last clock of a microinstruction. 

3.7 SBP 9900 INSTRUCTION EXECUTION TIMES 

26 

Instruction execution times for the SBP 9900 are a function of: 

1) Clock cycle ti me, tc 

2) Addressing mode used where operands have multiple addressing mode capability 

3) Number of wait states required per memory access. 

The following Table 6 lists the number of clock cycles and memory accesses required to execute each SBP 9900 
instruction. For instructions with multiple addressing modes for either or both operands, the table lists the number of 
clock cycles and memory accesses with all operands addressed in the workspace·register mode. To determine the 
additional number of clock cycles and memory accesses required for modified addressing, add the appropriate valuas 
from the referenced tables. The total instruction·execution time for an instruction is: 

T=tc(C+WoM) 

where: 
T = total instruction execution time; 
tc = clock cycle time; 
C = number of clock cycles for instruction execution plus address modification; 
W = number of required wait states per memory access for instruction execution 

plus address modification; 
M = number of memory accesses. 
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TABLE 6 

INSTRUCTION EXECUTION TIMES 

r:T~~~;,~~-n~g~:s MEMORY ADDRESS CLOCK MEMORY ADDRESS I 
ACCESS MODIFICATIONt INSTRUCTION CYCLES ACCESS MOOIFICAT!~;ti 

C M SOURCE OEST C M SOURCE OEST 
A I. A A LWPI 

I 
10 2 

I 

AB I. 8 MOV I. • A A 
A8S IMS8 - 01 12 A MOV8 I. • 8 8 

IMSB 11 I. A MPY I 52 5 A 
AI I. NEG 12 3 A 
ANDI 

" ORI 
" • 

8 8 A RSET 12 , I 

i BL 12 A RTWP I. • 
8LWP 26 A S 

" • A A 

I 
C " 

A A 58 
" • 8 8 

C8 
" 

B B S80 i 12 2 
CI I. S8Z 12 2 
CKOF 12 SETO 10 3 A 
CKON 12 ShltlterQl 12+2C 3 

I 
I , 

CLR 10 A Ie D. 811S 12 15 

I 
COC I. A ufWRO·OI 52 • I 
CZC I. A Ie-c. Bits 12 IS 

, 
DEC 10 A ofWRP NIDI 20+2N • 

I 
DECT I 10 A SOC " • A A 

~:~ :~;::: ::~:t>~ 
16 A SOC8 

" • 8 8 
9:7·124 6 A STCR IC- 01 60 • j A 

IDLE 

! 
12 (1· C· 71 '2 • B 

!NC 10 A IC 81 •• • I 8 

I 
INCT 10 A Ig- C' 151 , 58 • i A 
INV 10 A STST i 8 2 

I 
Jump (PC IS ! STWP I 8 2 I ch<lngedl 10 

! SWP8 10 3 A 
I 

I 
I 

(PC IsnCI SZC I. • i A A 
chancledJ " i SZC8 , ,. • 8 8 

LDCRIC 01 52 A I T8 12 2 I 
I fl. C. 8) 20+2C , X .. 4 1 A I 19· C· lSI 20+2C A I xOP 

-1 
8 A 

LI 12 XOR • A 
lIMI 14 I , 
tREX 12 ,- ._._---
REseT lunCI.on 26 

I 
Undefined op codes 

I 
LOAo'lunctlon 22 

I 
0000-01 FF .0320-

6 1 

I J -Inlerrupt conte., 033F .OCOO·OFF F. 
';wllch 22 --L ~O.07FF -----

-Execution time is dependent upon the partial quotient after .ach clock cycr. during execution . 
• -Execution time is added to the execution time of the instruction located It the source addre.s minus 4 clock cycle. and 1 memory aeeen time. 

tThe fetter. A and B refer to the respective tabla. thet follow. 

ADDRESS MODIFICATION - TABLE A ADDRESS MODIFICATION - TABLE B 

CLOCK MEMORY CLOCK MEMORY 

ADDRESSING MODE CYCLES ACCESSES ADDRESSING MODE CYCLES ACCESSES 

C M .J:. M 

WR (TS orTO = 00) 0 0 WR (TS or TO = 00) 0 0 

WR indirect (TS or TO z 01) 4 1 WR indirect (TS or TO = 01) 4 1 

WR indirect auto- WR indirect auto-
incre_nt (TS or TO ~ 11) B 2 increment (TS or TO = 11) 6 2 

Symbolic (TS or TO = 10, Symbolic (TS or TO = 10, 

Sor 0 -0) B 1 S or 0 = 0) B 1 

Indexed (TS or TO = 10, Indexed (TS or TO = 10, 
Sor 0 ¢ 0) B 2 Sor 0 ¢ 0) B 2 
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As an example, the instruction MOVB is used in a system with tc = 0.333 IlS and no wait states are required to access 
memory. Both operands are addressed in the workspace register mode: 

T = tc (C + W·M) = 0.333 (14 + 0·4) IlS = 4.662 IlS. 

If two wait states per memory access were required, the execution time is: 

T = 0.333 (14 + 2·4) IlS = 7.326 IlS. 

If the source operand was addressed in the symbolic mode and two wait states were required: 

T = tc (C + W·M) 
C = 14 + 8 = 22 
M=4+1=5 

T = 0.333 (22 + 2· 5) IlS = 10.656 IlS. 

4. INTERFACING 

8 
B ITS 

IN 

8 
ITS B 

o UT 

28 

The input/output (I/O) accommodations have been designed for TTL compatibility. Direct interfacing, supportable 
by the entire families of catalog devices, is shown in Figure 15. 

12 BITS ADDRESS BllS 15 BITS 

~ 
." 

AOtC:I~ 

~ SN WE 
54LS251 

CRUN ~~ Ir. 
......... ~ 

~ 
SN CRUOUT 

54 LS25! 
9 ROM RAM 

CRUCLK 9 IsN54S472 SN54S400 

INTERRUPT CODE 0 
ICO·IC3 0 U SN5414.1 iNTiiEii A .. 

INTERRUPT REQUEST ~ DO-D16 DATA BUS 16 BITS ) 
CLOCK • 

....... 

CLOCK 
GENERATOR 
SN54LS124 

FIGURE 15 - MINIMUM SaP 9900 SYSTEM 
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4.1 INPUT CIRCUIT 

The input circuit used on the SBP 9900 is basically an RTL configuration which has been modified for TTL 
compatibility as shown in Figure 16A. An input-clamping diode is incorporated to limit negative excursions (ringing) 
when the SBP 9900 is on the receiving end of a transmission line; an input switching threshold of nominally +1.5 volts 
has been specified for improved noise immunity. This threshold is achieved via two resistors which function as a 
voltage divider to increase the one VBE threshold of the 12L input transistor to +1.5 volts_ Since this input circuit is 
independent of injector current, input threshold compatibility is maintained over the entire speed/power performance 
range. 

A. EaUIVALENT OF EACH INPUT 

R "". 
INPUT--4-JV~~'-~ 

R eq. 

CLOCK: R "" •• 6Kn 
ALL OTHERS: R '"I .• 10Kn 

B. TYPICAL OF ALL 
OUTPUTS 

C. EaUIVALENT OF EACH INPUT/OUTPUT 

INPUT/OUTPUT 

10K12 

10K{l 

FIGURE 18 - SCHEMATICS OF EQUIVALENT INPUTS. OUTPUTS, INPUTS/OUTPUTS 

The input circuit characteristics for input 
current versus input voltage are shown in 
Figure 17. The 10K and 20K ohm load lines 
and threshold knea at + 1.5 volts provide a 
high-impedance characteristic to reduce input 
loading and improve the low-logic level input 
noise immunity over some standard TTL 
inputs. Full compatibility is maintained with 
virtually all 5 volt logic families even when the 
SBP 9900 is powered down (injector current 
reduced). ... 

Z .. 
a: 

500IAA 

400M 

300~A 

200 ""A 

I .1 
ICC· 500 mA 

t--TA-25°C 

INPUT CURRENT 
WI 

INPUT VOLTAGE 

8/ <J' 

V 
II 

V V-
L#~ 

~' 
~"-r--

k'0~ 

'\ 
1'\ 

4. 1.1 Sourcing Inputs 
'OO~A a: 

:::I 
u lk V'- 10~1l LOAD 

The inputs may be sourced directly by most 5 
volt logic families. Five volt functions which 
feature internal pull-up resistors at their out
puts requ ira no external interface compo
nents; five volt functions which feature open
collector outputs generally require external 
pull-up resistors. 

4.1.2 Terminating Unused Inputs 

1278 

Inputs which are selected to' be hardwired to a 
logic-level low may be connected directly to 

... 
:::I .. 
! 

LINE 

r TH~SHOLD 
-SmA 

20KII LOAD 
LINE 

-10mA 

-1SmA 

-20mA 

-4 -3 -2 -I 

V,· INPUT VOLTAGE 

FIGURE 17 - TYPICAL INPUT CHARACTERISTICS 
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ground. Inputs which are selected to be hardwired to a logic-level high must be tied, via a current limiting (pull-up) 
resistor, to a logic-level-high low-impedance voltage source such as VCC. A single transient protecting resistor may be 
utilized common to (N) inputs. 

4.2 OUTPUT CIRCUIT 

The output circuit selected for the SBP 9900 is an injected open-collector transistor shown in Figure 16B. Since this 
transistor is injected, output sourcing capability is directly related to injector current. I n other words, the number of 
loads which may be sourced by an SBP 9900 output is directly reduced as injector current is reduced. 

The output circuit characteristic for logic-level low 
output voltage (VoLl varsus logic-level low output 
current (lOL) is shown in Figure lB. At rated injector 
current, the SBP 9900 output circuit offers a low-level 
output voltage of typically 220 mV. 

The output circuit characteristics for 11 loglC·llval "Ilri 
output voltage (VOH) and current (lOH), 2) rise times, 
and 3) next stage input noise immunity, are a function 
of the load circuit being sourced. The load circuit may 
ba either: 

A) the direct input, if no source current is 
requ ired, of a five-volt logic family 
function, 

or, for greater noise immunity and improved rise times, 

B) the direct input of a five-volt logic 
family function in conjunction with a 
discrete pull-up resistor. 

When a discrete pull-up resistor (R Ll is utilized, the 

400 

360 
> 
E 
I 300 

11/ 
c:I 

~ 260 

0 
> 200 I-
;:, 

~ 
160 ;:, 

0 
I 
0 100 > 

50 

0 

I 

OUTPUT VOLTAGE 
VI 

OUTPUT CURRENT 

Icc-600mA 

-TA-26°C 

----
~ 

~ 
...---r 

5 10 15 20 

10 - OUTPUT CURRENT - mA 

fanout requirements placed on a particular SBP 9900 FIGURE 18 - TYPICAL OUTPUT CHARACTERISTICS 

output restrict both the maximum and minimum value 
of R L. Techniques for calculating R L(max) and R L(min) respectively are explained in the SBP 0400A, SBP 0401A 
data manual in Chapter 2 of this data book. 

5. POWER SOURCE 

30 

12L is a current-injected logic. When placed across a curve tracer, the processor will resemble a silicon switching dlode_ 
Any voltage or current source capable of supplying the desired current at the injector node voltage required will 
suffice. A dry-cell battery, a 5-volt TTL power supply, a programmable current supply (for power-up/powar-down 
operation) - literally whltever power source is convenient can be used for most cases. For example, if a 5-volt TTL 
power supply is to be used, a series dropping resistor would be connected between the 5-volt supply and the injector 
pins of the 12L device, IS illustrated in Figure 19, to select the desired operating current. 

An alternate solution utilizes the Texas Instruments TL497 switching-regulator as illustrated in Figure 20. 
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GENERAL FORMULA (OHM'S LAWI 

R op _ VSUPPL Y - VCC 
DR ICC 

EXAMPLE FOR VSUPPLY - I5V, AND ICC -1500 mA: 

6 - 1.06 3.96 
RDROP -0.& - 'ii.5- 7.9 OHMS 

FIGURE 19 - INJECTOR CURRENT CALCULATIONS 

Operating from a constant current power source, 
the SBP 9900 may be powered·up/powered·down 
with complete maintenance of data integrity to 
execute instructions over a speed/power range span
ning several orders of user-selectable injector-supply
current range as illustrated in Figure 21. 

Figures 22 and 23 show the typical injector node 
voltages which occur across the temperature and 
injector currant ranges. 

8 
i 
~ 
~ 

r
I 
I 
I 
I 
L_ 

":' 

looooni 

15-30Vdc 

SBP 

9900 

FIGURE 20 - SWITCHING-REGULATOR 

INJECTOR SOURCE 

~ .., 1000 nl 

U 

g 
e 

100 nl 

10mA 100mA 
INJECTOR CURRENT 

--, 
I 
I 
I 

_J 

looomA 

FIGURE 21 - SBP 8800 CLOCK PERIOD VS. INJECTOR CURRENT 
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FIGURE 23 - INJECTOR-NODE VOLTAGE 

VS. INJECTOR CURRENT 

6_ ELECTRICAL AND MECHANICAL SPECIFICATIONS 

6.1 SBP 9900 RECOMMENDED OPERATING CONDITIONS, UNLESS OTHERWISE NOTED ICC = 500 mA 

Supply current, ICC 

High-level output voltage, VOH 

Low-level output current, IOL 

Clock frequency, fclock 

Width of clock pulse, tw 

Clock rise time, tr 

Clock fall time, tf 

Setup time, tsu Isee Figure 241 

Hold time, th Isee Figure 241 

Operating free-air temperature, T A 

t R ising edge of clock pu Ise is reference. 
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TENTATIVE DATA SHEET 

This document provide. tentative Information 
on • new product. Tex .. In,truments ' ... rvas 
the right to change 'Pacifications for thll 
product In any menner wlthou t notice. 

High 167%1 IVIH = 2.5 V maxI 

I Low 133%1 

HOLD 

READY 

DO - 015 

CRUIN 

INTREQ 

ICO -IC3 

HOLD 

READY 

00- 015 

CRUIN 

INTREQ 

ICO -IC3 

MIN NOM MAX 

450 500 550 

5.5 

20 

0 2 

330 

170 

10 

10 

160t 

90t 

45t 

25t 

ot 

ot 

Of 

30t 

30t 

35t 

60t 

60t 

-55 125 

./ 

1000 

UNIT 

mA 

V 

mA 

MHz 

ns 

n. 

ns 

ns 

ns 

DC 
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6.2 SBP 9900 ELECTRICAL CHARACTERISTICS (OVER RECOMMENDED OPERATING FREE-AIR 
TEMPERATURE RANGE, UNLESS OTHERWISE NOTEDI 

PARAMETER TEST eONDITIONst 

VIH High-level input voltage 

VIL Low-level input voltage 

VIK Input clamp voltage ICC - MIN, 11- 12mA 

IOH High-level output current 
ICC - 500mA, VIH = 2 V 

VIL = O.B V, VOH = 5.5 V 

VOL Low-level output voltage 
ICC = 500 mA, VIH - 2V 

VIL = O.B V, IOL = 20mA 

I Clock 
II I nput current 

I All other inputs 
ICC= 500mA, VI = 2.4 V 

tFor conditions shown as MAX, use the appropriate value specified under recommended operating conditions. 
iAIi typical values are at ICC = 500 rnA, T A = 25:J C. 

6.3 SBP 9900 SWITCHING CHARACTERISTICS IIcc = 500 mAl 
SEE FIGURES 24 AND 25. 

MIN TVPt 

2 

480 

240 

MAX 

0_8 

1.5 

400 

0.4 

PARAMETER FROM TO TEST CONDITIONS MIN TVPt MAX 

fmax MAXIMUM CLOCK FREQUENCY 

tPLH or tPHL CLOCK ADDRESS BUS (AO - A14) 

tPLH or tpHL CLOCK DATA BUS (DO - D15) 

tpEH or tpHL CLOCK WRITE ENABLE lWEI 
tPLH or tPHL CLOCK CYCLE END (CYCEND) 

tPLH or tPHL CLOCK DATA BUS IN (oBIN) 

tPLH or tPHL CLOCK MEMORY ENABLE (MEMEN) 

tPLH or tpHL CLOCK CRU CLOCK (CRUCK) 

tPLH or tPHL CLOCK CRU DATA OUT (CRUOUTI 

tPLH or tpHL CLOCK HOLD ACKNOWLEDGE (HLDA) 

tPLH or tPHL CLOCK WAIT 

tPLH or tpHL CLOCK INSTRUCTION ACQUISITION (IAQ) 

iAIl typical values are at 25"C. 
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220 
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190 

CL = 150 pF, RL = 2BO n 155 

lB7 

210 

320 

155 
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TENTATIVE DATA SHEET 

This document provides tentative information 

on 8 new product. Tax .. Instruments ''''N. 
the right to change specifications for this 
product In any manner without notice. 
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V 

V 

V 

/LA 

V 

/LA 

UNIT 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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FIGURE 24 - SWITCHING TIMES-VOLTAGE WAVEFORMS 
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FIGURE 25 - SWITCHING TIMES LOAD CIRCUITS 

1271 



1.4 CLOCK FREQUENCY VS. TEMPERATURE 

Stability of the operational frequency over the full temperature range of _55°C to 125°C is illustrated in Figure 26. 

III 

~ 
C 
2 
II: 
0 
IL 
II: 
III ... 
~ 
C ... 
~ 
L 
>-
l-
I 

j 

+20% 

+15% 

+10% 

+5% 

0 

-5% 

-10% 

-15% 

-20% 

A-C PERFORMANCE 

VI 

FREE·AIR TEMPERATURE 

~YPICA~ V 

~ ~ .----

i-""'"" 

-75 -50 -21 0 26 50 75 100 126 

FIGURE 26 - A·C PERFORMANCE VI. TEMPERATURE 

7. MECHANICAL DATA 

INDEX DOT 

t Ii. 
~0.900! 0.020 -----t 0185 MAX1 I. . I 1;0.020 MIN . 

Q 1-""'''~~ 1 • PLANE 

0.010..... .- 0017 

""" ''''M'~ .... 
PIN SPACING 0.100T.P. .0.020 

ISle Note A) 

NOTE A. Eech llin 11 ..... 1", i. 'oatH within 0.010 at ill trut longitudinll pOIition. 
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8. SBP 9900 PROTOTYPING SYSTEM 

8.1 HARDWARE 

The TMS 9900 prototyping system enables the user to generate and debug software and to debug I/O controller 
interfaces. The prototyping system consists of: 

• 990/4 computer with TMS 9900 microprocessor 

• 1024 bytes of ROM containing the bootstrap loader for loading prototyping system software, the 
front-panel and maintenance utility. and the CPU self-testing feature 

• 16,896 bytes of RAM with provisions for expansion up to 57,334 bytes of RAM 

• Programmable-write-protect feature for RAM 

• Interface for Texas Instruments Model 733 ASR' Electronic Data Terminal with provisions for up to five 
additional interface moculdes 

• ReQuires remote device control and 1200 baud E I A interface oPtion on 733 AS R. 

• Available with Texas Instruments Model 733 ASR Electronic Data Terminal 

• 7-inch-high table-top chassis 

• Programmer's front panel with controls for run, halt, single-instruction execute, and entering and displaying 
memory or register contents 

• Power supply with the following voltages: 
5 V dc@20A 

12Vdc@2A 
-12 V dc@ 1 A 
-5 V dc@O.l A 

• Complete hardware and software documentation. 

B.2 SYSTEM CONSOLE 

The system console for the prototyping system is the 733 ASR, which provides keyboard entry, 
30-character-per-second thermal printer, and dual cassette drives for program loading and storage. 

B.3 SOFTWARE 

36 

The following software is provided on cassette for loading into the prototyping system: 

• Debug Monitor - Provides full control of the prototyping system during program development and includes 
single instruction, multiple breakpoints, and entry and display capability for register and memory 
contents for debugging user software under 733 ASR console control. 

• One-Pass Assembler - Converts source code stored on cassette to relocatable object on cassette and 
generates program listing. (Object is upward compatible with other 990 series assemblers). 

• Linking Loader - Allows loading of absolute and relocatable object modules and links object modules as 
they are loaded. 

• Source Editor - Enables user modification of both source and object from cassette with resultant storage 

• 
• 

on cassette. 

Trace Routine - Allows user to mon itor status of computer at completion of each instruction. 

PROM Programming/Documentation Facility - Provides documentation for ROM mask generation, or 
communicates directly with the optional PROM Programmer Unit. 
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INDEX FOR SCHOTTKY TTL BIPOLAR MEMORIES 

FIELD PROGRAMMABLE READ·ONLY MEMORY (PROM) LINE SUMMARY (SEE PAGE 1) • 

MASK·PROGRAMMED READ·ONLY MEMORY (ROM) LINE SUMMARY 

TYPE NUMBER (PACKAGES) TYPE OF BITalZE 
TYPICAL PERFORMANCE 

aEE 
-III"C to lZIl"C O' to 7o"C OUTPUT(al (ORGANIZATIONI 

ADDREa. POWER 
PAGE 

ACCESS TIME DISSIPATION 

SN&488AU, WI aN7488A(J, NI Open·ColllCtor 
288 81t1 

(32Wx881 
28 nl 320mW 7 

SN541a7(J, WI aN74187IJ, NI OJ>>n-ColllCtor 
10248111 

(288 W x 4 81 
40nI 480mW 7 

SN54S2701J1 .N74S270(J, NI Open-ColllCtor 2048 8111 
4& nl &21imW 

.N548370(JI SN74S370(J, NI 3-81.1. (112Wx481 
7 

SN54.271(JI aN7482711J, NI OJ>>n·ColllCtor 2048 8111 
46 nI 62limW 7 

• N54S371 (JI .N7483711J, NI 3-8111 • (288W.x881 

READ/WRITE MEMORY (RAM) LINE SUMMARY 

TYPE NUMBER (PACKAGE.I BITalZE OUTPUT 
TYPICAL PERFORMANCE 

aEE 
ADDRESS POWER _BlOC to 1.·C o"Cto 7O'C (ORGANIZATION I CONFIGURATION 

ACCESS TIME DISSIPATION 
PAGE 

SN64.189(J, WI aN74S189IJ, NI 84 bill Th,.. .. lIt. 
2& nI 37&mW 11 

.N54S289(J, WI aN74S289(J, NI 118Wx481 Opln-ColllClor 

SN64.200A(J, WI SN748200AIJ, NI 25 nl 1i00mW 

.N54LS200A(J, Wi .N74LS200A(J, NI Th,..·.t.t. 
31 nl 

276mW 

8N54LS202(J, WI SN74LS202(J, NI 218 bill 275/100· mW 

.N548300A(J, WI .N748300A(J, NI (258 W x 181 25 nl 500mW 
111 

.N54LS300A(J, WI .N74LS300A(J, NI Op.n·ColllCtor 
35 nl 

275mW 

.N64LS302IJ, WI aN74LS302(J, NI 275/100· mW 
.N748214A(J, NI 30nl 6150 mW 

.N548214(JI .N74.2141J, NI 40nl 550mW 

.N54L.214(JI aN74LS214(J, NI Thnll·.I.I. 85 nl 200mW 

.NI4L.215(JI SN74LS2111J,NI 1024 bltl 71 nl 2001100"mW 
21 

.N748314A(J, NI (1024Wx lBI 30nl Ili0mW 
SN548314(JI SN74S314(J, NI 40nl III0mW 
SNIi4LS314(JI .N74LS314(J, NI Open·ColllCtor 76 nl 200mW 

SN54LS3111(JI .N74S314(J, NI 71i nl 2001100"mW 
SN54S207(JI .N748207IJ, NI 40 nl 800mW 
.NIi4LS207(JI .N74LS207(J, NI 1024 bill 

Th,..-81111 
76 nI 200mW 

31 
SN54S208(JI SN748208(J,NI (288Wx4BI 40nl 800mW 
.NIi4L.208(JI .N74L.208(J,NI 71i nl 200mW 

SN64S400(JI SN74S400IJ, NI 4098 bill Th,..·Stel. 
76 nl 600mW 37 

SN54S401 (JI .N74S401 (J, NI (4088W" 181 OJ>>n-ColllCtor 

FIRST·IN/FIRST·OUT (FIFO) MEMORY 

TYPE NUMBER BITalZE 
TYPICAL PERFORMANCE 

aEE 
(PACKAGE.I (ORGANIZATIONI 

DATA RATEa FALL POWER 
PAGE 

INPUT OUTPUT THROUGH DISSIPATION 

SN748221i(J, NI 
80 bill 

ck: to 10 MHz ck: to 10 MHz 211i nI 400mW 39 
(l8Wx1i81 

• Powered down 
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SCHOTTKyt 
PROM'S 

SERIES 5451745 
PROGRAMMABLE READ-ONLY MEMORIES 

• Titanium-Tungsten (Ti-W) Fuse Links for • 
Fast, Low-Voltage, Reliable Programming 

• All Schottky-Clamped PROM's Offer: • 
Fast Chip Select to Simplify System Decode 
Choice of Three-Stata or Open-Collector Outputs 
P-N-P Inputs for Reduced Loading on 
Systam Buffers/Drivers 

TYPE NUMBER IPACKAGES) BIT SIZE 
-11°C to 1Zloc O·C to 70·C IORGANIZATION) 

INMS1881J, W) SN74S1881J, N) 268 bit. 
INMS288IJ, W) SN74S2881J, N) 132W x88) 
INMS2171J, W) SN74S2871J, N) 1024 bitl 
INMS387IJ, W) SN74S3B71J, N) 1268W x48) 
INI4S470IJ) SN74S470lJ, N) 2048 bitl 

.INII4S471(J) SN74S471 IJ. N) 1266W x8 B) 
IN1I4S472(J) SN74S472IJ. N) 4098 bill 
SNII4S473IJ) SN74S4731J. N) 1612W x 8 B) 
INII4S4741J, W) SN74S4741J, N) 4098 bill 
INII4S471ilJ, W) SN74S471ilJ, N) 1612WxBB) 

Full Decoding and Chip Select Simplify 
System Design 

Applications Include: 
Microprogramming/Firmware Loaders 
Code Converters/Charecter Generators 
Translators/Emulators 
Address Mapping/Look-Up Tables 

OUTPUT 
TYPICAL PERFORMANCE 

CONFIGURATION 
ADDRESS POWER 

ACCESS TIME DISSIPATION 
op.n·collector 

thr •• ·lt.te 
26 nl 400mW 

thr .... t.t. 

op.n·coll.ctor 
42nl 600mW 

op.n-coll.ctor 

thr .. ·ltlt. 
50 nl 660mW 

th ..... tat. 

open·coll.ctor 
65 nl 800mW 

th ... ·lt.te 
55 nl 800mW 

open·coll.ctor 

_ IITS 1024 IITI :1048 .ITS 40tI BITS 4OtI1ITI 
• WORDIlY IIIYII 1_ WORDIlY .IITI) 1_ WORDIlY IIITI) 1112 WORDIlY IIITII 1112 WORDIlY I IITI) 

OND 

",., 'II. '1287, '1387 ' .. 'O~ ' .. " ""2, ''''3 

I~ 

Vee 

~'rl-
ADA t II Yee 

I AD' 2r., " AD H AD. I ,. "OM 

AD. 1.01 3t, ,. IJ ADC S ,. ADO 

ADO 
AD 0 '" IS " 

AD 0 • n ADf 

ADe ADA Ie, 12 DO' II ., 

AOI It.. " 00;1 00' • ,. i, 
ADC" .to 003 

" DOl ,. G~D II, • 00' n DO' 
DO 4 • " DDI on a • 

" DD> 

\ 
'Pin Ini,nmentl for ell of th ••• memori ••• r. the •• m. for III plcklg ••. 

10 Yee 
II AD I 

II AOH 

17 ADO 

" AD' 
II • 

''''.,' .. 78 

description 

These monolithic TTL programmable read·only memories (PROM's) feature titanium·tungstan (Ti·W) fuse links with 
each link designed to program in one millisecond or less. These PROM's offer considerable flexibility for upgrading 
existing designs or improving new· designs as they feature full Schottky clamping for improved performance, 
low-c:urrent MOS·compatible p-n·p inputs, choice of bus·driving three·state or open·collector outputs, and improved 
chip·select access times. 

The high-complexity 2048· and 4096·bit 20·pin PROM's cen be used to significently improve system density for fixed 
memories as all are offered in a dual·in·line package /'laving pin·row spacings of 0.300 inch. 

PRILIMINARY DATA SHEET: 
Suppl.mentarv date m.., be 
published at • leter dlt •. ~TEXASINSTRUMENTS 

INCORPORATED 
,"oaT oPPle. eox lOll • DAL.I.A •• T.XAa 71111 

tlnt .... ted Schottkv·l.rrler diode
cl.mped tr.llllnor I, petented bv 
T.xa InetrumMtI. U. S. "'tent 
Number 3,483,876. 



SERIES 54SI14S 
PROGRAMMABLE READ-ONLY MEMORIES 

description (continued) 
Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedureo; 
specified. All PROM's, except the 'S287 and 'S387, are supplied with a low·logic·level output condition stored at aaclt~ 
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at sellCtedr 
locations. The procedure is irreversible; once altered, the output for that bit location is permanently programmed,: 
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit 
within the recommended operating conditions will not alter the memory content. 

Active leveHs) at the chip-select input(s) enables all of the outputs. An inactive level at any chip-select input caules ell 
outputs to be off. 

The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output_ 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 

schematics of inputs and outputs 
'5188, '8287, '8218, '5387, '8470, 
'8471, '8472, '8473, '8474, '847& 

EQUIVALENT OF 
EACH INPUT 

Vee ---- -.--..... ---~-

INPUT--'~""'" 

'51.,'8387, 
'8470, '8473, '8475 

TYPICAL OF 
ALL OUTPUTS 

'8287, '8288, 
'8471, '8472, '8474 

TVPICALOF 
ALL OUTPUTS 

Vee 

OUTPUT 

Programming circuit not shown Programming circuit not shown 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (see Note 1) 7V 
I nput voltage ..... 
Off-state output voltage 
Operating free-air temperature range: 

Storage temperature range 

recommended conditions for programming 

Supply voltage. Vee (see Note 1) 

Input voltage 

SN54S' Circuits 
SN74S' Circuits 

Tarmination of all outputs except the one to b. programmed 

Voltage applied to output to be programmed, VOl pr) I .. e Note 2) 

Duration of Vee programming pul .. Y I ... Figure 2 and Nota 3) 

Programming duty cycle 
Free-air temperature 

t Ablolute maKlmum ratlnea. 

Steady.tate 
Program pul.e 
High leval, VIH 
Low level, V,L 

5.5V 
. •.. 5.5V 

-55°C to 12Soe 
. oOe to 70°C 
-65°C to 1500 e 

SN&4S', SN74S' 
UNIT 

MIN NOM MAX 
4.75 5 &.7& 

10 10.& llt 
V 

2.4 .& 
V 

0 0.5 

See load circuit 
IFigurell 

0 0.26 0.3 V 
0.9 1 10 me 

25 35 " 0 6& ·C 

NOTES: 1. Volta". valu .. • r. with , .. pect to network ground terminal. ThllUPply-voltagl rating Cloe. not apply during programming. 
2. The 'S188, 'S288, 'S470, 'S471, 'S472, 'S473, 'S474. and 'S475 are supplied with all bit locatlonl containing .'ow logiC IlIVer, end 

programming a bit chang .. the output of the bit to high logic level. The ·S287 and 'S387 are eupplled with all bit outPUti It 8 high 
logic level, and programming a bit changes It to a low logic level. 

3. Programming I. guaranteed If the pul.e applied I. 0.9 me lon.g. 

~TEXASINSTRUMENTS 
INCORPORATED 

POST OP'P'ICI! .ox IOU • DALLA.. TEX". 75212 
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SERIES 54SI14S 
PROGRAMMABLE READ-ONLY MEMORIES 

r. ..... _____________________________ _ 

c ... 
:1t8p-!Jv-step programming procedure 

1. Apply steady·state supply voltage (Vee = 5 V) and address the word to be programmed. 

2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 

3. If the bit requires programming, disable the outputs by applying a high·logic·level voltage to the chip·select 
input(s). 

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9 kH 
and apply the voltage. specified in the table to the output to be programmed. Maximum current out of the 
programming output supply during programming is 150 mAo 

5. Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mAo 

6. Apply a low·logic·level voltage to the chip·select input(s). This should occur between 10 IlS and 1 ms after Vee has 
reached its 10.5·V level. See programming sequence of Figure 2. 

7. After the X pulse time (1 ms) is reached, a high logic level is applied to the chip·select inputs to disable the 
outputs. 

8. Within 10 Ils to 1 ms after the chip·select input(s) reach a high logic level, Vee should be stepped down to 5 Vat 
which level ~eritication can be accomplished. 

9. The chip·select input(s) may be taken to a low logic level (to permit program verification) 10 IlS or more after Vee 
reaches its steady·state value of 5 V. 

10. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a 
bit. 

NorE: Only one programming attempt per bit is recommended. 

OUTPUT 
J ,.". 

LOAD CIRCUIT FOR EACH OUTPUT 
NOT BEING PROGRAMMED OR FOR 
PROGRAM VERIFICATION 

FIGURE 1 

::t~==::j~~.JV ''\IPIlfl.1 
vtHII'" 'HOCiHAM 

HtMOVF 

RfMO~E Vc:c TO 

REDUCf AVfHA(if 

POWER 

FIGURE 2-VOLTAGE WAVEFORMS FOR PROGRAMMING 

~TEXASINSTRUMENTS 
INCORPORATED 

POST OFFICE .OK SOU • DALLAS, TEXAS 7$222 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 

recommended operating conditions 

'S287, '6471 'S288 'S472, 'S474 
UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Series 54S 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 
Supply voltage, V CC 

Series 74S 4.75 5 5.25 
V 

4.75 5 5.25 4.75 5 5.25 

High-level output current, IOH 
Series 54S -2 -2 -2 

Sories 745 -6.5 
mA 

-6.5 -6.5 

Low-level output current, IOL 16 20 12 mA 

Operating free-air temperature, T A 
Sories 545 -55 125. -55 125 -55 125 

·C 
Series 74S 0 70 0 70 0 70 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54S' SN74S' 
Typj Typj 

UNIT 
MIN MAX MIN MAX 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK I nput clamp voltage VCC= MIN, II =-18mA -1.2 -1_2 V 

VOH High-level output voltage 
VCC= MIN, VIH = 2 V, 

VIL=0.8V, IOH = MAX 
2.4 3.4 2.4 3.2 V 

VOL Low-level output voltage 
VCC= MIN, 

VIL - 0.8 V, 

VIH = 2 V, 

IOL=MAX 
0.5 0.5 V 

10ZH 
Off-state output current, VCC= MAX, 

high-level voltage applied Vo = 2.4 V 

VIH = 2 V, 
50 50 ,.A 

IOZL 
Off-state output current, VCC = MAX; VIH=2V, 

-50 -50 ,.A 
low-level voltage applied Vo = 0.5 V 

II 
I "put current at maximum 

VCC= MAX, VI = 5.5 V 1 1 mA 
input voltage 

IIH High-level input curront VCC· MAX, VI = 2.7 V 25 25 ,.A 

IlL Low-level input current VCC= MAX, VI- 0.5 V -250 -250 ,.A 

lOS Short-circuit output current § VCC- MAX -30 -100 -30 -100 rnA 

VCC= MAX, 'S287 100 135 100 135 

Chip selecds) at 0 V, 'S288 80 110 80 110 
ICC Supply current 

155 
mA 

Outputs open, 'S471 110 155 110 

See Note 4 'S472, 'S474 120 155 120 155 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

t.C.d) Cn.) t.un Cn.) 

A ....... tim. from Ac_ti"",f,om 
TYPE TEST CONDITIONS 

edd,_ chip .Iact C_ble timel 

Typj MAX Typj MAX 

SN54S287 42 75 15 40 

SN74S287 42 65 15 35 

SN54S288 
CL - 30pF for 

25 50 12 30 

SN74S288 
taCadl and taCS) 

25 40 12 25 

SN54S471 
5 pF for tpxz; 

50 80 20 40 

SN74S471 
RL - 3000; 

50 70 20 35 

SN54S472,SN54S474 
S .. Figure 4 

55 85 20 45 

SN74S472,SN74S474 55 75 20 40 

tFor conditions shown .1 MIN or MAX, u .. the appropriate vllueepecifled under recommended operating conditions. 
tAli typical value. oro ot VCC· 5 V, TA - 25·C, 

tpxz Cnsl 

Di.blo ti"", from 

high 0' I_I..,.. 
Typj MAX 

12 40 

12 35 

8 30 
8 20 

15 36 
15 30 

15 40 
15 35 

§Not more then one outPut should belhorted at I time end duration of meehart-clrcult should not exceed onelllCond . 
• An SN54S287 In the W Plcklge operating at fr ... lr temperetur •• above 10aQ C requlr ... h •• t .Ink th.t provld ... th.rm.' r •• 'ltllnc. from 

c ..... tOofr ... lr. R8CA. of not more th.n 42°CIW. 
NOTE 4: The typlc.1 v.lu .. of ICC .hown .re with .11 outputs low. 

4PTEXASINSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 . 



ti SERIES 54SI14S 
~tROGRAMMABLE READ-ONLY MEMORIES WITH ~PEN-COLLECTOR OUTPUTS 
~.~ 
0'1' 

.' 

Supply voltage, Vee 

HIgh-l_1 output voltage, VOH 

Low-I_I output current, IOL 

Operlting free·air temperature, T A 

I Series 545 

I Series 745 

I Series 545 

I Series 745 

'5188 

MIN NOM MAX 

4.5 5 5.5 

4.75 5 5.25 

5.5 

20 

-55 125 

0 70 

'5387, '8470 '8473, '8475 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.5 5 5.5 

4.75 5 5.25 4.75 
V 

5 5.25 

5.5 5.5 V 

16 12 mA 

-55 125. -55 125 De 
0 70 0 70 

tllctrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST eONDITIONst MIN TVP* MAX UNIT 

VIH High·level input voltage 2 V 

VIL Low·level input voltage O.B V 

VIK Input clamp voltage Vee = MIN, II = -IB rnA -1.2 V 

Vee = MIN, 
VOH = 2.4 V 50 

IOH High·level output current VIH = 2 V, 
VOH=5.5V 100 

IlA 

VIL=O.BV 

VOL Low·level output voltage 
Vee- MIN, VIH=2V, 

0.5 V 
VIL = O.B V, IOL = MAX 

II Input current at maximum input voltage Vee = MAX, VI = 5.5 V 1 rnA 

IIH High·level input current Vee = MAX, VI=2.7V 25 IlA 

IlL Low-level input current Vee = MAX, VI = 0.5 V -250 IlA 

Vee = MAX, 'SIBB BO 110 

Supply current 
ehip select(s) at 0 V, 'S3B7 100 135 

ICC rnA 
Outputs open, '5470 110 155 

See Note 4 '5473; '5475 120 155 

lWitching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 

ta(ad) (ns) t.~( ... ) 
tPLH (nl) 

Ace .. time from Access time from 
Propagation delay time, 

TYPE TEST CONDITIONS 
chip .Iact (enable timel 

low·to·high·l .. el output 
addr_ 

from chip "act (disable time) 

TVP* MAX TVP; MAX TVP; MAX' 

SN64S188 25 50 12 30 12 30 

IN74S188 25 40 12 25 12 25 

IN64S387 CL = 30pF, 42 75 16 40 15 40 

SN74S387 RLI = 300 n, 42 65 15 35 15 35 

1N1I4S470 RL2=600n, 50 BO 20 40 15 35 

IN74S470 See Figure 3 50 70 20 35 15 30 

1N64S473,SN64S475 56 86 20 45 15 40 

IN74S473,SN74S475 66 75 20 40 15 35 

tfor condltlonl.hown.s MIN or MAX, u. the appropriate valu8apeclflad under recommended operating condition •. 
tAU typlcel velu •• ere at V CC ~ 5 V, T A • 25° C • 
• An SN154S387 In the W peckage operating at fr •• -alr tamperetu,. above 1 oeu C ,.quir. 8 heat link that provid ... thermal re.istance from 
...... t,...lr, AeCA, of not more than 42°C/W. 
NOTE 4: Tha typlcel value. of ICC .hown are with ell outputs low. 

4PTEXAS INSTRUMENTS 
INCORPORATED 
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SERIES 5451745 
PROGRAMMABLE READ-ONLY MEMORIES 

PARAMETER MEASUREMENT INFORMATION 

Vee 

~Ll=300!! 
FROM OUTPUT 
UNDER TEST 

eL" 30pF 1 RL2= soon 
(5 •• No •• 81 I -=-

NOTES: 

LOAD CIRCUIT VOLTAGE WAVEFORMS 

A. The input pul.e generator has the following characteristics: Zout ~ 50 fl, PAR <: 1 MHz, tr <: 2.5 ns, and tf '" 2.5 os. 

B. CL includes probe and jig capacitance. 

C. The pul. 88n8rator is connected to the input under test. The other inputs, memory content permitting, ara connected 10 thet the 
input will switch the output under test . 

TEST 
POINT 

FIGURE 3 - SWITCHING TIMES OF '5188, '5470, 'S387, '5473, AND '5475 

Vee 

6 
51 

AODRlSS 

INPUTS 

(See Note AI 

OUTPUT 

~-------... 3V 
, 1.5V ~5V __ J: I ------oV 
,.. tal ad J--. ..,talad)-

FROM OUTPUT 
UNDER TEST 

IS 1 a"d S2 r.loS8cll 

I EVOH ~.5VI 1.5V 

----VOL 

1 kll 

C l Indlutes pfohe ann Jig l:a~)al'I'an,"e 

All dlorles ,He 1 NJOG4 

LOAD CIRCUIT 

ACCESS TIME FROM ADDRESS INPUTS 
VOL TAGE WAVEFORMS 

CHIP 

SELECT 

INPUTS 
1.5 V 

r--- 3V 
1.5 V ...... -------'--l- -----0 V 

WAVEFORM 1 ----::=::~~i·.{ 51 '-- 'PLZ I I' "45 V 
~5V : ~v . 

(See Note B) 

(51 dosed, S2 open, 

S.e Note C) 

WAVEFORM 2 
t---_'a{SI Il--'VOL 

~~------~:~~~=l.i:~VOH 
IS 1 open, 52 closed, /" 1.5 V I; 0.5 V 

See Note CI ------" tpHZ 1-- -0 V 

'PXZ = 'PHZ or 'pLZ 
ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT 

VOL TAGE WAVEFORMS 

NOTES: A. When me.suring access times from address inputs. the chip-select input(s) is(areJ low. 
B. When measuring access and disable times from chip-select inputCs), the address inputs are steady-state. 
C. Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 il for the 

output with internal conditions such that the output is high eKcept when disabled. 
D. Input waveforms are supplied by pulse generators having the following characteristics: tr '" 2.5 ns, If" 2.5 ns, PRR < 1 MHz, 

and Zout ~ 50 n.. 

FIGURE 4 - SWITCHING TIMES OF '5287, '5288, '5471, '5472, AND '5474 

4PTEXAS INSTRUMENTS 
INCOHPORAIED 

POST OFFICE BOX !IOU • DALLAS, TEXAS 75222 

PIlINTEO IN U.S A 
II (annol ossume any rflponliliility tor ony (inuit, ,how. 
or r'pr"'"t thol Ih,y ore fret from pallnl in'rinttmenl. 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POI 



nL 
MEMORIES 

SERIES 54174, 5451745 
READ-ONLY MEMORIES 

BULLETIN NO. OL·S 7512259. MAY 1975 

• Mask-Programmed Memories That Can Replace PROMs 

• Full On-Chip Decoding and Fast Chip Select(s) Simplify System 
Decoding 

• All Schottky-Clamped ROMs Offer 
-Choice of 3-State or Open-Collector Outputs 
-P-N-P Inputs for Reduced Loading on System Buffers/Drivers 

• Applications Include: 
-Microprogramming Firmware/Firmware Loaders 
-Code Converters/Character Generators 
-Translators/Emulators 
-Address Mapping/Look-Up Tables 

TYPE NUMBER (PACKAGES) TYPE OF BIT SIZE TYPICAL ACCESS TIMES 

.-li6"c to 125·C oOe to 70·e OUTPUT(S) (ORGANIZATION eHIP-SELECT ADDRESS 

;SN5488A(J, W) SN74BBAIJ. NI Open·Coliector 
256 Bits 

22 ns 26 ns 
132WxBBI 

SN541B7(J, WI SN741B71J. NI Open·Coliector 
1024 Bits 

1256W x 4 BI 
20 ns 40 ns 

SN64S270IJI SN74S2701J, NI Open-Collector 204B Bits 
15 ns 45 ns 

'SN64S370(J) SN74S3701J, NI 3-St.te (512Wx4BI 

SN64S271(JI SN74S271(J, NI Open-Collector 204B Bits 

SN64S371(JI 
15 ns 45 ns 

SN74S371 (J. NI 3-St.te (256W x B BI 

description 

These m.onolithic TTL custom-programmed read-only memories (ROMs) are 
particularly attractive for applications requiring medium to large quantities of the 
same bit pattern. Plug-in replacements can be obtained for most of the popular TTL 
PROMs. 

The high-complexity 2048-bit ROMs can be used to significantly improve system 
bit density for fixed memory as all are offered in compact 16- or 20-pin dual-in-line 
packages having pin-row spacings of O.300-inch. 

The Schottky-clamped versions offer considerable flexibility for upgrading existing 
designs or improving new designs as they feature improved performance; plus, they 
offer low-current MaS-compatible p-n-p inputs, choice of bus-driving three-state or 
open-collector outputs, and improved chip-select access times. 

Data from a sequenced deck of data cards punched according to the specified 
format are permanently programmed by the factory into the monolithic structure 
for all bit locations. Upon receipt of the order, Texas Instruments_ will assign a 
special identifying number for each pattern programmed according to the order. 
The completed devices will be marked with the appropriate TI special device 
number. It is important that the customer specify not only the output levels desired 
at all bit locations, but also the other information requested under ordering 
instructions. 

The three-state outputs offer the convenience of an open-collector output with the 
speed of a totem-pole output: they can be bus-connected to other similar outputs 
yet they retain the fast rise time characteristic of the TTL totem-pole output. The 
open-collector outputs offer the capability of direct interface with a data line 
having a passive pull-up. 

Word-addressing is acc~mplished in straigtTt positive-IOQ!c binary and the memory 
may be read when all S inputs are low. A high at any S input causes the outputs 

258 BITS (32 WORDS BY 8 BITSI 
'88A 

DOl 16 Vec 

D02 2 15 S 
D03 3 14 ADE 

D04 13 ADD 

005 12 ADC 

D06 8 11 ADB 

007 10 ADA 

9 DOB 

1024 BITS (256 WORDS BY 4 BITSI 
'187 

ADG 16 Vce 

AD F 2 15 ADH 

AD E 3 14 52 

ADD 4 13 51 

ADA 5 12 001 

AD B 8 11 002 

ADC 7 10 D03 

GND B 9 004 

2048 BITS (612 WORDS BY 4 BITS) 
'5270, '5370 

ADG 18 VCC 

AD F 2 16 ADH 

AD E 3 14 ADI 

ADD 4 13 S 
ADA 6 12 001 

ADB 11 002 

ADC 10 003 

GND 9 D04 

2048 BITS (256 WORDS BY 8 BITSI 
'S271, '5371 

ADA 20 VCC 

ADB 2 19 ADH 

ADC 3 18 ADG 

ADD 4 17 AD F 

AD E 5 18 52 

DOl 6 16 S 1 

D02 14 DOB 

003 13 D07 

D04 9 12 006 

11 006 

to be off. Pin e .. ignments for.1I of th ... memori •• 
• r. the .me for ell paick.g ••. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST oPPle!: BOX 5012 • DA .. L.A., TIXA8 75222 

' ............ oaIcy-a.n. ...... 
......... tnnIIItor II ...... .., 
T._ ,............ U. L ~ 
Nu ...... 3.4I3.1'7tL 
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SERIES 54114, 5451145 
READ-ONLY MEMORIES 

functional block diagrams 

ADO"I. ,..uti 

SNS488A,SN7488A 

SN548270,8N74S270 

II'"'' ... MOII" .... 'II •• 

DOl DO' DOl 

IN54S370,8N748730 
S.m •• 1 SNUS27D, SN74S27D •• cepl 
outputs .r •••• how" below: 

DOl DO' .. , 
word addressing 

'.A 
WORD ADDRESS TABLE 

WOIIO 
INPUTS 

E 0 C • II 

0 L L L L L 
I L L L L H 

2 L L L H L 
3 L L L H H 

4 L L H L L 
5 L L H L H 

6 L L H H L 
7 L L H H H 
8 L H L L L 

Wordl9 thru 

Hominid 
27 H H L H H 

28 H H H L L 

29 H H H L H 

30 H H H H L 

31 H H H H H 

DO' 

.. , 

ADl)IIIH 

''''UTI 

H.!!!I· . 

aJ.!! 

,.!!! 

,'. 
~~~:u D!!! 

DOl 

INS4187, SN74187 

SNS4S271,SN74S271 

DO' DOl 

u." .. 
lIIII"'IOIII'l'M""U" 

8N845371,SN748371 
DO' 

S.m. II SNII4S271, SN74S271 •• C.PI 
outPUti .r ••• ,how" below: 

CMI' It n I { ," 
HLie' U 

'187, '8271, '8371 
WORD ADDRESS TABLE 

WOIIO IN' 
H 0 F E 0 C • II 

0 L L L L L L L L 
I L L L L L L L H 
2 L L L L L L H L 
3 L L L L L L H H 
4 L L L L L H L L 
5 L L L L L H L H 
8 L L L L L H H L 
7 L L L L L H H H 
8 L L L L H L L L 

Word, 9 thru 250 omitted 

251 H H H H H L H H 
252 H H H H H H L L 
213 H H H H H H L H 
2114 H H H H H H H L 
256 H H H H H H H H 

UOI DO. DOl DOt ... DOS .. , 
'8270, '5370 

WORD ADDRESS TABLE 

WOIIO 
INPUTS 

I H o F E 0 C • II 0 L L L L L L L L L 
I L L L L L L L L H 
2 L L L L L L L H L 
3 L L L L L LL. H H 
4 L L L L L L H L L 
5 L L L L L L H L H 
8 L L L L L L H H L 
7 L L L L L L H H H 
8 L L L L L H L L L 

.words 8 thru 508 omit" 

507 H H H H H H H K 
508 H H H H H H H L L 
50B H H H H H H H L H 
510 H H H H H H H H L 
511 H H H H H H H H H 

DO' 

.., 

Word selection is accomplished in a conventional positive-logic binary code with the A address input being the 
least-significant bit progressing alphabetically through the address inputs to the most-significant bit_ 

TEXAS INSTRUMENTS 
'''(OHI'IlRArEO 

~O.T O ....... CE .ox IOU • GA.",,"' •. TI!X"a 75222 



schematics of inputs and outputs 

'IIA, '117 

EQUIVALENT OF 
EACH INPUT 

VCC--_--

INPUT 

'S270, 'S271, 'S370, '5371 

EQUIVALENT OF 
EACH INPUT 

Vee--------~--_-

'IIA 

TYPICAL OF 
ALL OUTPUTS 

'S270, '1271 

TYPICAL OF 
ALL OUTPUTS 

SERIES 54n4, 54Sn4S 
READ-ONLY MEMORIES 

'117 

TYPICAL OF 
ALL OUTPUTS 

'S370, 'S371 

TYPICAL OF 
ALL OUTPUTS 

Vee 

OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1). 7V 
5.5 V Input voltage . . . . . . . . 

Off·state output voltage 
Operating free·air temperature range: SN54', SN54S' Circuits (see Note 2) 

SN74', SN74S' Circuits. 
Storage temperature range. . . . . . . . . . . . . 

NOTES: 1. Volta,1 vllu ••• r. with '1..,lct to network ground termlnll. 

• 5.5 V 
-55°C to 125·C 

O·C to 70·C 
-55·Cto 160·C 

2. An SN64187 In thl W Plckl,1 oplretl"g It fr •• ·.lr tlmper.tur •• abovi 11 ,oC requlr •• I h'.t link thlt provld ••• th.rmll 
, •• Ittlnce from c ... ·to·fr •• ·.I'. "eCA. of not more thin 48° e/W. 

TEXAS INSTRUMENTS 
II'ICORPORATED 

~O.T oPPle •• ox 1011 • DAL.L".. TIX". 7.111 
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SERIES 64S174S 
READ-ONLY MEMORIES 

recommended operating conditions 

MIN 

Supply voltage, Vee 4.5 

High-level output voltage, VOH 

. Low-level output current, 10L 

Operating lree .. ir temperature, T A 
-55 

Isee Note 21 

SN5488A 

NOM MAX 

5 5.5 

5.5 

12 

125 

SN1488A 

MIN NOM MAX 

4.15 5 5.25 

5.5 

12 

0 70 

SN54181 SN14181 

MIN 
UNIT 

NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 

5.5 5.5 V 

16 16 mA 

-55 125 0 10 De 

NOTE 2: An SN54187 in the W packa"e operating at fr •• -air tamperatura. above 111°C requires a he.t sink that provide. a therm81 
r.slstance from c ••• -to-fr •• -.ir, ReCA. of not more than 46"'CIW. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST eONOITIONSt 
'88A 

PARAMETER 

MIN TVP; MAX MIN 

VIH High·level input voltage 2 2 

VIL Low-level input voltage 0.8 

VIK I nput clamp voltage Vee = MIN, 11--12mA -1.5 

10H High-level output current 
Vee - MIN, VIH-2V, 

40 
VIL = 0.8 V, VOH=5.5V 

Vee - MIN, 10L ·12mA 0.2 0.4 
VOL Low-level output voltage VIH·2V, 

VIL=0.8V IOL-16mA 

II Input current 8t maximum input voltage Vee· MAX, VI = 5.5 V 1 

IIH High-level input current Vee = MAX, VI - 2.4 V 25 

IlL Low-level input current Vee = MAX, VI = 0.4 V -1 

ICC Supply current Vee = MAX, See Note 3 64 80 

Co Off-state output capacitance 
Vee = 5V, VO· 5V, 

6.5 
1=1 MHz 

tFor condltlons.hown •• MIN or MAX, u •• the appropriate value specified under recommended operating conditions. 
:tAli typical value. ar. at Vee - 5 V, TA "" 25()C. 

'181 
UNIT 

TVP; MAX 

V 

0.8 V 

-1.5 V 

40 ",A 

0.4 
V 

0.45 

1 mA 

40 ",A 

-1 mA 

92 130 mA 

6.5 pF 

NOTE 3: With outputs open and Cs inputes) grounded, ICC is measured first by ,alacting a word that contains the maximum number of 
programmed high-level outputs, then by selectina. a word that contains the m8ximumnumber of programmed low-Ieve' outputs. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS 
'BIA '117 

UNIT 
TVP MAX TVP MAX 

ta(adl Access time Irom address eL s 30pF, 26 45 40 60 nl 

tal S 1 Access time from chip _Iect (enable time) ALI s 400 n !'88A) 22 35 20 30 n. 

Propagation delay time, 300n 1'1871 

tPLH low-to-high-Ievel output AL2· 600 n, 22 35 20 30 n. 

Irom chip select Idisable timel See Figure 1 

TEXAS INSTRUMENTS 
INCOHPOHATED 

POST UFFICE 80X sou • DALLAS. TEXAS 75222 



SERIES 54/74 
READ-ONLY MEMORIES 

~mmenaed operatmg conditions 
0." • 

SN54S270 SN74S270 SN54S370 SN745370 
UNIT 

SN54S271 SN74S271 SN54S371 SN745371 

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply VOltage, VCC 4.5 5 5.5 4.75 5 5.25 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltage, VOH 5.5 5.5 V 

High-level output current, IOH -2 -6.5 mA 

Low-level output current, IOL 16 16 16 16 mA 

Operating free-air temperature, T A -55 125 0 70 -55 125 0 70 DC 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
'5270, '5271 '5370, '5371 

MIN TVP* MAX MIN 

VIH High-level input voltage 2 2 

VIL Low-level input voltage O.S 

VIK Input clamp voltage VCC - MIN, II = -ISmA -1.2 

VOH High-level output voltage 
VCC - MIN, VIH=2V, 

2.4 
VIL = O.S V, IOH = MAX 

VCC= MIN, I VOH = 2.4 V 50 
IOH High-level output current VIH = 2 V, I VOH = 5.5V VIL = O.SV 100 

VOL Low-level output voltage 
VCC = MIN, VIH=2V, 

0.5 
VIL = O.S V, IOL = MAX 

IOZH 
Off-state output current, VCC- MAX, VIH = 2 V, 

high-level voltage applied VO=2.4V 

IOZL 
Off-state output current VCC= MAX, VIH=2V, 

low-level voltage applied VO=0.5V 

II Input current at maximum input voltage VCC MAX, VI- 5.5V 1 

IIH High-level input current VCC - MAX, VI - 2.7 V 25 

IlL Low-level input current VCC- MAX, VI=0.5V -0.25 

lOS Short-circuit output current § VCC- MAX -30 

ICC Supply current Vee = MAX, See Note 4 105 155 

Co Off .. tate output capacitance 
Vec= 5V, Vo = 5V, 

6.5 
f = 1 MHz 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee" 5 V, TA = 2Soc. 
INDt more than one output should be shorted at a time and duration of the short-circuit should not exc.ed ana second. 

TVP* MAX 

O.S 

-1.2 

0.5 

50 

-50 

1 

25 

-0.25 

-100 

105 155 

6.5 

UNIT 

V 

V 

V 

V 

jJ.A 

jJ.A 

V 

jJ.A 

jJ.A 

mA 

jJ.A 

mA 

mA 

mA 

pF 

NOTE 4: With outputs open and CS input(s) grounded, ICC is measured first by selecting a word that contains the maximum number of 
programmed high-level outputs; then by selecting a word that contains the maximum number of programmed low-level outputs. 

switching characteristics over recommended ranges of T A and Vee (unless otherwise noted) 
SN54270 SN74270 SN54370 SN74370 

TEST 
SN74370 UNIT PARAMETER SN54271 SN74271 SN54370 

CONDITIONS 
TVPt TVP* TVP* TVPt MAX MAX MAX MAX 

ta(ad) Access time from address 45 95 45 70 ns 

ta(! ) Access time from chip select (enable time) 15 45 15 30 ns 

Propagation delay ti me, 
RL2 = 600n, 

tPLH low-to-high-Ievel output 
See Figure 1 

15 40 15 25 ns 

from chip select (disable time) 

te"ld) Access time from address eL=30pF, 45 95 45 70 ns 

tel!) Access time from chip select (enable time) See Figure 2 15 45 15 30 ns 

tpxz Disable time from high or low level 
CL-5pF, 

10 40 10 25 ns 
See Figure 2 

*AII typical values are at Vee = 5 V, T A = 25°C. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE .ox 5012 • DALLAS. TEXAS 75222 
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SERIES 64174. 64S174S 
READ-ONLY MEMORIES 

----------------------------------------------------~" PARAMETER MEASUREMENT INFORMATION 

Vee 

FROM OUTPUT _ ...... ______ , 
UNDER TEST 

r 
eL - 30 pF 
(See Note B) 

LOAD CI RCUIT 

CHIP 

SELECT 
INPuTlS! 

ADDRESS 
INPUTS 
tSe. Note C 

OUTPUT 

~ 3v ,',5'. /1.5 V 
I -t----OV , , 

---;----¥,.S\· ~~7---i---- 3\ 
"T'-----', ' I O\' 

t.11 S ,.J......--,... t.II.1I11~ ... ----.. ',II,ttl' ,..---.L-tPlH 
I rl ~"OH X,.5\ /1.~1\ ~.5"" '1.5 .... 

" .• --- \'OL 

VOLTAGE WAVEFORMS 

NOTES: A. The input pul •• generator h •• the following characteristic.: PRR '" 1 MHz, Zout =-: 50 n. For Series 54174, tt ...; 7 nl, tf fit; 7 nl, 
for S.rie. 5451748, tt <: 2.5 ns, tf " 2.5 ns. 

B. CL include, probe end jig capacitance. 
C. The pulse generator is connected to the input under test. The other inputs, memory content permitting, are connected 10 thet ttl. 

input will switch the output under test. 

FIGURE 1-SWITCHING TIMES OF 'BBA, '1B7, 'S270, AND '5271 (OPEN·COLLECTOR OUTPUTS) 

TEST 
POINT 

Vee 
o 

51 / 

FROM OUTPUT 
UNDER TEST -4~-.... --... - ..... 

1 kO 

r 
CL include. probe end jig capacitancl. 
All diode • • r. 1 N3064. 

LOAD CIRCUIT 

ADDRESS 

INPUTS 

(S •• Noto Al 

OUTPUT 

(51 and S2 closed) 

--y-------'" 3 V , 1.5 V 1.6 V __ J: ~------OV 
_te(odl_ "te(edl--: 

I EVOH ~.5VI 1.6V 
----VOL 

ACCESS TIME FROM ADDRESS INPUTS 
VOLTAGE WAVEFORMS 

1,5 V 
r--- 3V 

ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT 
VOLTAGE WAVEFORMS 

NOTES: A. When me •• uring_cel •• time. from addr ... inputs, the chip'Mtect Input(s) il(a,e) low. 
S. Whln me.luring eCCI.I and diuble tima. from chip· .. lect input(s) the addre'l inputs .r. ate.dV-Itltl, 
C. Waveform 1 i. for the output with internl' conditions such that the output il low except when dl •• bled. Waveform 2 'I for .M 

output with 'ntarna' condition, such that the output il high except whln dl •• bled. 
D. Input waveforms .r. supplied by pul •• genlreton hIving the following characteriltiCI; t, '" 2.5 nl, If ~ 2.5 nl, PRR ,.. 1 MHz, 

and .lout l1li: 60 n. 
FIGURE 2-SWITCHING TIMES OF '5370 AND '5371 (3-STATE OUTPUTS) 

TEXAS INSTRUMENTS 
,prr.,.("OHP(lRATED 

POST OFFICE BOX SOU • DALLAS, TEXAS 7sau 
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SERIES 54174. 54S174S 
READ-ONLY MEMORIES 

ORDERING INSTRUCTIONS 

Programming instructions for these read-only 
memories are solicited in the form of a sequenced 
deck of standard 80-column data cards providing the 
information requested under "data card format," 
accompanied by a properly sequenced listing of these 
cards, and the supplementary ordering data. Upon 
receipt of these items, a computer run will be made 
from the deck of cards which will produce a complete 
function table for the requested part. This function 
tlble, showing output conditions for each of the 
words, will be forwarded to the purchaser as verifica· 
tion of the input data as interpreted by the computer· 
automated design (CAD) program. This single run 
also generates mask and test program data; therefore, 
verification of the function table should be 
completed promptly. 

Each card in the data deck prepared by the purchaser 
identifies the words specified and describes the levels 
at the outputs for each of those words. All addresses 
must have all outputs defined and columns designated 
IS "blank" must not be punched. Cards should be 
punched according to the data card format shown. 

SUPPLEMENTARY ORDERING DATA 

Submit the following information with the data 
cards: 

a) Customer's name and address 
b) Customer's purchase order number 
c) Customer's drawing number. 

The following information will be furnished to the 
customer by Texas Instruments: 

a) TI part number 
b) TI sales order number 
c) Date received. 

'88A DATA CARD FORMAT (32 CARDS) 

15 Punch "H" or "L" for output DO 6. 

16-19 Blank 

20 Punch "H" or "L" for output DO 5. 

21·24 81ank 

25 Punch "H" or "L" for output DO 4. 

26·29 Blank 

30 Punch "H" or "L" for output DO 3. 

31·34 Blank 

35 Punch "H" or "L" for output DO 2. 

36-39 Blank 

40 Punch "H" or "L" for output DO 1. 

41·49 Blank 

50-51 Punch a right·justified integer representing the 
current calendar day of the month. 

52 Blank 

53·55 Punch an alphabetic abbreviation representing the 
current month. 

56 Blank 

57·58 Punch the last two digits of the current year. 

59 Blank 

60-61 Punch "SN" 

62·66 Punch a left-justified integer representing the 
Texas Instruments part number. This is supplied 
by the factory through a TI sales representative. 

67·68 Blank 

69-80 Preferably these columns should be punched to 
reflect the customer's part or specification·control 
number. This information is not essential. 

Column 
1-2 Punch a right-justified integer representing the 

positive· logic binary input address (00-31) for the 
word described on the card. 

'187 DATA CARD FORMAT (32 CARDS) 

Column 

Blank 

5 Punch "H" or "L" for output Y8. H = high· 
voltege·level output, L = low-voltage· level output 

8-9 Blank 

10 Punch "H" or "L" for output DO 7. 

11-14 Blank 

1· 3 Punch a right·justified integer representing 
the· binary input address (000·248) for the 
first set of outputs described on the card. 

4 Punch a "-" (Minus sign) 

5· 7 Punch a right·justified integer representing 
the binary input address (007·255) for the 
last set of outputs described on the card. 

8· 9 Blank 

TEXAS INSTRUMENTS 
tNCONPOMATED 

"OST OF~ICI! .ax IOU • DALLA •. TaXAS 7SZza 
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SERIES 54/74, 54S/74S 
READ-ONLY MEMORIES 

ORDERING INSTRUCTIONS 

14 

10-13 

14 

15-18 

19 

20-23 

Punch "H", "L", or "X" for bits four, 
three, two, and one (outputs DO 4, DO 3, 
DO 2 and DO 1 in that order) for the first 

set of outputs specified on the card_ 
H = high-voltage-level output, L = low

voltage-level output, X = output level 
irrelevant_ 

Blank 

Punch "H", "L", or "X" for the second set 
of outputs_ 

Blank 

Punch "H", "L", or "X" for the third set of 
outputs_ 

24 Blank 

25-28 Punch "H" "L", or "X" for the fourth set 
of outputs. 

29 Blank 

30-33 Punch "H", "L", or "X" for the fifth set of 
outputs. 

34 Blank 

35·38 Punch "H", "L", or "X" for the sixth set of 
outputs. 

39 Blank 

40-43 Punch "H", "L", or "X" for the seventh set 
of outputs. 

44 Blank 

45·48 

49 

50·51 

52 

53·55 

56 

57·58 

59 

60-61 

Punch "H", "L", or "X" for the eighth set 
of outputs. 

Blank 

Punch a right·justified integer representing 
the current calendar day of the month. 

Blank 

Punch an alphabetic abbreviation 
representing the current month. 

Blank 

Punch the last two digits of the current 
year. 

Blank 

Punch "SN" 

62-66 Punch a left·justified integer representing 
the Texas I nstruments part number. This is 
supplied by the factory through a TI sales 
representative. 

67-68 Blank 

PIONllO IN U ~ A 

TI connol anumr any Inpon"bilil, lor on, ciuuih ,hown 
or "pr.uml Ihol Ih.y alf free from porenl infringemenl 

IfllS tNSIRUMENIS RESERVES IME RIGMI TO MAKE (MANGEl AI ANY liME 
IN OROER 10 IMPROVE DESIGN AND 10 IUPPLY IME BEll PRODUCI POIIIBLE. 

69-80 Preferably these columns should be 
punched to reflect the customer's part or' 
specification-control number. This informa-' 
tion is not essential. 

'S270, 'S370 DATA CARD FORMAT (64 CARDS) 

Column 

1-3 Punch d roght-justlfled Integer representing 
the binary input address (000-504) for the 
first set of outputs described on the card. 

4 Punch a "-" (Minus s'gn) 

5-7 Punch a roght-justlfied integer representing 
the binary input address (007·511) for the 
last set of outputs described on the card. 

8-80 Same as the '187 data card format. 

'S271, 'S371 DATA CARD FORMAT (64 CARDS) 

Column 

1- 3 Punch a right-justified integer representing 
the binary input address (000-252) for the 
first set of outputs described on the card_ 

4 Punch a "-" (Minus sign) 

5- 7 Punch a right-justified integer representing 
the binary input address (003-255) for the 
last set of outputs described on the card_ 

8- 9 81ank 

10-17 Punch "H", "L", or "X" for bits eight, 
seven, six, five, four, three, two, and one 
(outputs DO 8, DO 7, DO 6, DO 5, DO 4, 
DO 3, DO 2, and DO 1 in that order) for the 

first set of outputs specified on the card. 
H = high-voltage-level output, L = low
voltage-level output, X = output level 
irrelevant_ 

18 Blank 

19-26 Punch "H", "L", or "X" for the second set 
of outputs. 

27 Blank 

28-35 Punch "H", "L", or "X" for the third set of 
outputs. 

36 Blank 

37-44 Punch "H", "L", or "X" for the fourth set 
of outputs_ 

45-49 Blank 

50-BO Same as the '187 data card format_ 

TEXAS INSTRUMENTS 
INC()H:PO"AJED 

POST OFI""'CE BOX 5012 • DALLAS. TEXAS 75222 



SCHOITKYf 
ITL MEMORIES 64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded Ram's Organized as 16 
Words of Four Bits Each 

• Schottky-Clamped for High Speed: 
Read Cycle Time _ .. 25 ns Typical 
Write Cycle Time ... 25 ns Typical 

• Choice of Three-State or Open-Collector 
Outputs 

• Compatible with Most TTL and 12l Circuits 
• Chip-Select Input Simplifies External 

Decoding 

dlllcription 

These 64-bit active·element memories are monolithic 
Schottky-clamped transistor-transistor logic (TTL) 
arrays organized as 16 words of four bits each. They 
Ire fully decoded and feature a ch ip-select input to 
simplify decoding required to achieve expanded 

SEPTEMBER 1878 

SN54S1B9, SN54S289 •.. J OR W PACKAGE 
SN74S1B9, SN74S289 ..• J OR N PACKAGE 

(TOPVIEWI 

AO 16 VCC 

T 15 A1 

iii 14 A2 

01 1 13 A3 

001 12 014 

012 6 11 004 

002 7 10 013 

GNo B 9 003 

Pin •• I,"menu ...... me for III p.ck ..... 

system organization. The memories feature p-n-p input transistors that reduce the low·level input current requirement 
to a maximum of -0.25 milliamperes, only one·eighth that of a Series 5451745 standard load factor. The chip-select 
circuitry is implemented with minimal delay times to compensate for added system decoding. 

_itecycle 

The information applied at the data input is written into the selected location when the chip-select input and the 
write-enable input are low. While the write·enable input is low, the '5189 output is in the high-impedance state and the 
'5289 output is off. When a number of outputs are bus-connected, this high-impedance or off state will neither load nor 
drive the bus line, but it will allow the bus line to be driven by another active output or a passive pull-up. 

Nldcycle 

The stored information (complement of information applied at the data input during the write cycle) is available at the 
output when the write-enable input is high and the chip-select input is low. When the chip-select input is high, the 
'5189 output will be in the high·impedance state and the '5289 output will be off. 

FUNCTION TABLE 

INPUTS '5189 
FUNCTION 

CHIP SELECT 

Write L 

Read L 

Inhibit H 

.... high level, L == low lavel, X == irrelevant 

PRELIMINARY DATA SHEET: 
lupplementery data may be 
..... iMed at e later date. 

WRITE ENABLE OUTPUT 

L High Impedance 

H Complement of Data Entered 

X High Impedance 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFP'ICE BOX 5012 • DALLAS. TEXAS ?S212 

'S289 

OUTPUT 

Off 

Complement of oeta Entered 

Off 

tlntegmed Schottk.,. ......... d-" 
c'-lIIPBd tre ...... II ......... by 
Te_ 1 __ U ... '-'-

Nu ...... 3.483,871. 

15 
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64·8IT HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

function.1 block di.gr.m 

schem.tics of inputs .nd outputs 

EOUIVALINT OF EACH IWIIT 

vcc:------,_-~ 

INPUT -_"* ........ -+-; 

ADDRESS 
BUFFERS 

'OF" 
DECODERS 

CHIP IILICT III 
READIWRITE IW, 

14-8ITMEMORY 
MATRIX 

ORGANIZED 
,I-X"" 

DATA INPUTS{ ~: ~I_""' __ -+...J 
DI3I .............. ---+--+-' 
DI41.-. ...... ---+--+--+-' 

III 1111 
3 111)4 

"'''OUTPUT 'S211 OUTPUT 

.bsolute maximum r.tings over oper.ting fr .. ·.ir temperatura range (unl ... otherwise noted) 

Supply voltage, VCC (see Note 11 
Input voltage . . . . . . 
Off·State output voltage 
Oparating fr .. ·.ir temperature range: SN64S' Circultl 

SN74S' Circuits 
Storage temperature r.nge 

TEXAS INSTRUMENTS 
INCORPORATED 

~.T o~,.c •• OX 1011 • DALLA •• TIXA. 7111. 

• 7V 
• 6.6 V 

.... 6.6V 
-56°C to 126°C 

O°C to 700 e 
-6S0Ctc 1SOoe 



64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

.. 
_ommendad operating conditions 
) 

SNUS111 
MIN NOM MAX 

Supply Voltege, Vee 4.5 5 5.5 
HIGh-11III1 output voltege, VOH 
HiGh-level output cur .. nt, 10H -2 
Low-IIIIII output curr.nt, 10L 16 
WldIh of write pul .. I write .nabla 

25 
Iowl, twlwrl 

Add .... before write 

pul .. , tauldel 
O~ 

Setup Dlte before end of write 
25t 

til'" pul .. , teuldel 
I!;nlp-alect befo .. end of write 

26t 
pula, teuOO 
Add .... efter write pul .. , thlldl Ot 

Hold Dlte .ft.r write pula, thldal ot 
II_ Chlp ... l.ct after write 

pula,lhlsl 
Ot 

Operating f ..... lr templrlture, T A -55 125 

SNII4SZlI 
MIN NOM MAX 
4.5 5 5.5 

5.5 

16 

25 

O~ 

25t 

25t 

ot 
Ot 

Ot 

-55 126 

SN74S188 SN74SZlI 
MIN NOM MAX MIN NOM MAX 

UNIT 

4.75 5 5.25 4.75 5 5.25 V 

5.5 V 
-6.5 mA 

16 16 mA 

25 25 nl 

O~ O~ 

25t 25t nl 

25t 25t 

ot ot 
Ot ot 

nl 
Ot ot 

0 70 0 70 °c 

t'TII. arrow Indlclt .. thl trlnlltlon of thl wrlte-Inlbll Input uled for r.f.r.nCI: t for the low·to·hlgh vlnlltlon, ~ for the hlgh·to·low 
v ..... don. 

llectrical characteristics over racommended operating free-air temperatura range (otherwise noted) 

TEST CONDITIONSt 
'SIll 

PARAMETER 
MIN TVP; MAX MIN 

VIH High-level input volta" 2 2 
VIL Low-lev.1 input volte" 0.8 

VIK Input clemp voltage Vee = MIN, II =-18mA -1.2 

VOH Hlgh-I.vel output voltes. 
Vec- MIN, VIH - 2 V, SN54S' 2.4 3.4 
VII - 0.8 V, IOH- MAX SN74S' 2.4 3.2 

VCC - MIN, VIH - 2V, "0-2.4 V 
VOL Low-lav.1 output voltese 

VII - 0.8 V VO-&·5V 

Vec- MIN, VIH-2V, SN54S' 0.35 0.5 
IOH High-level output curr.nt 

VIL -0.8 V, 10L-ll~ SN74S' 0.35 0.45 

'OZH 
Off-ttete output current, VCC- MAX, VIH - 2 V, 

50 
high-l.v.1 volte" appli.d VIL -0.8 V, VOH - 2.4 V 

IOZL 
Off-ltete output current, VCC-MAX, VIH - 2 V, 

-50 
low-llvel volta"lPplied VIL -0.8 V, VOL- 0.4 V 

II 
Input current at maximum input 

VCC - MAX, VI - 5.5.V 1 
volta" 

IIH HIGh-I.vel Input current VCC-MAX, VI- 2.7 V 25 

IlL Low·levll input current VCC- MAX, VI-O.5V -250 

lOS Short-circuit output current § VCC- MAX -30 -100 

ICC Supply current VCC-MAX, Sea Note 2 75 110 

tFor condition •• hown .. MIN or MAX u. the IPproprlate vlluelPeclflld under recommended operltlng conditione, 
tAli tYplc.1 velu.1 ere It Vee· 6 V, TA • 26°C. 
IOuratlon of the Ihort circuit ihould not •• cHd on ... cond. 

NOTES: 1. Voltagll Vllu .. ere with r.,pect to network ground termlnll. 

'S288 
TVP; 

0.36 
0.3& 

75 

2. ICC II m.llUr.d with the _d/wrltl .nd chlp-.. leet Inputt grounded. All oth.r Inputtlt 4.6V •• nd the output. op.n. 

TEXAS INSTRUMENTS 
INCORPORATED 

~O.T OFFICI 80X 11012 • DALLA.. T.XAa 71.11 

MAX 

0.8 
-1.2 

40 

100 

40 
100 

1 

25 
-250 

105 

UNIT 

V 
V 

V 

V 

/IA 

V 

,.A 

,.A 

mA 

,.A 
,.A 
mA 
mA 

I 

17 



64-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'8189 switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETER TEST CONOITIONS 
SN54S189 SN74S188 

TYP* MAX TYP* MAX 
UNIT 

t.ladl Ace_ time from addr ... CL - 30 pF, 25 50 25 36 III 

t.ISI 
Ace ... tlma from chip .. Iact RL-3000 

12 25 12 17 leneble tlmal See Note 3 
M 

tSR Sen .. recovery tima 22 40 22 36 III 

fromS 
CL-5pF, 

12 25 12 17 tpxz DI .. ble time from high or low level 
fromW 

RL- 3000, 
12 30 12 25 

III 

See Note 3 

'8289 switching characteristics over recommended operating ranges of T A and Vee (unless otherwise no1M) 

PARAMETER TEST CONDITIONS 
SNIi4S289 SN74SZ88 

UNIT 
TYP* MAX TYP* MAX 

t.ladl A_ time from add .... CL - 30pF, 25 50 25 36 III 

teiSI Acee .. time from chip .Iact lenabla timal RLI - 3000, 12 25 12 17 III 

tSR Sen. racovery tima RL2=6000, 22 40 22 36 III 

Propagation delay tlma, low-to-high-Ievel I from lJ See Note 3 12 25 12 17 
tPLH 

output Idil8ble timel I fromW 12 30 12 26 
III 

*AII typical valu .. ara at Vcc - S V, TA - 2S·C 

NOTES; 3_ Load circuit and voltage wave form.arelhown In Appendix A, page 44. 

18 TEXAS INSTRUMENTS 
.IIICORPORATEO 
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SCHOITKYf 
ITL MEMORIES 256-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized as 
256 Words of One Bit Each 

• Schottky-Clamped for High Performance 

• Choice of Three-State or Open-Collector 
" Outputs 

• Compatible with Most TTL and 12L Circuits 

• Chip-Enable/Select Inputs Simplify External 
Decoding 

• Typical Performance: 

TYPES 
READ ACCESS POWER 

TIME DISS. 

1N74S200AI'S300A 30n. 500mW 

1N64S2OOAI'S300A 30 n. 500mW 

SN74LS200A/'LS300A 35 n. 275mW 

5N64LS200A/' LS300A 35 n. 275mW 

SN74LS202/'LS302 35 n. 275mW 

SN64LS202/'LS302 35 n. 275mW 

S202/'LS302 (65 n. 
100mW 

POWER DOWN enablel 

description 

NOVEMBER 1976 

SN54LSZOOA, SN54LS300A 
SN54LS20~SN54LS302 

SN54S200A, SN54S300A •• J OR W PACKAGE 
SN74LS2OOA,SN74LS300A 
SN74LS202.SN74LS302 

SN74S200A. SN74S300A •• J OR N PACKAGE 
(TOPVIEWI 

AO 1 16 Vee 

AI 2 15 A2 

El/S1 J 14 A7 

El/S2 4 13 01 

E3/S3 5 12W 

006 11 AS 

A3 1 10 AS 

GND 8 9 A4 

E1. E2. n, = Chip- Enable for 'LSZ02. 'LS302 
51.52,83. 2 Chip-Select for 'LS200A. ·LS300. 
'SZOOA. 'S300A. 

These 256-bit active-element memories are monolithic transistor·transistor logic (TTL) arrays organized as 256 words of 
one bit. They are fully decoded and have three chip-enable/select inputs to simplify decoding required to achieve 
expanded system organizations. When the 'LS202/'LS302 is disabled, all read and write functions are in a power·down 
mode, that is, turned off. 

writacycle 

The information applied at the data input is written into the selected location when the three chip-enable/select inputs 
and the write-enable input are low. While the write-enable input is low, the 'S200A, 'LS200A and 'LS202 outputs are in 
the high·impendance state and the 'S300A, 'LS300A and 'LS302 outputs are off. When a number of outputs are 
bus-connected, this high-impedance or off state will neither load nor drive the bus line, but it will allow the bus line to 
be driven by another active output or a passive pull-up. 

Nldcycle 

The stored information (complement of information applied at the data input during the write cycle) is available at the 
output when the write-enable input is high and the three chip-enable/select inputs are low. When anyone of the 
chip-enable/select inpts are high, the 'S200A, 'LS200A, or 'LS202 outputs will be in the high-impedance state, the 
S300A, LS300A, or LS302 outputs will be off, and the 'LS202 or 'LS302 will be in a power·down mode. 

DESIGN GOAL 
TIB ~ ...... t provides t.ngth,. infor ... tlon 
•• productlnt ... ." .. op_lota .... T .... TEXAS INSTRUMENTS 
'-__ the right to ..... n. or INCORPORATED 

tIIIc»IrtIn .. til .. product without noti.. POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

tlnt..,.ted Schottky·a. .. ;. d~ 
clamped tra .. iItor Is patented by 19 
T.... lnatrumenta. U, S, Patent 
Nu ....... 3.463.975. 
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256-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

FUNCTION TABLE 

INPUTS 
'SZOOA 'S3I1OA 

CHIP ENABLE lEi) 
'LS211OA 'LS3I1OA 

FUNCTION WRITE ENABLE 

OR SELECT iSi) IW) 'LS202 'LS302 
OUTPUT (DO) OUTPUT (00) 

Write L L High Impedance Off 

Read L H 
Complement of Complement of 

Date Entered Data Entered 

Inhibit H X· High Impedance Off 

H == high level, L == low level, X == irrelevant tFor chip enable/select: L == all Ei or Si inputs low, H == one or more EI or Sllnputs h .... 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT '200A, 'LS200A, 'LS202 OUTPUTS 'S300A, 'LS300A, 'LS302 OUTPUTS 

VCC----------~----~r_ Vee 

OUTPUT 

__ ~OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
I nput voltage 
Off·State output voltage 
Operating free-air temperature range: SN54S' and SN54LS' Circuits (see Note 2) 

SN74S' and SN74LS' Circuiu 
Storage temperature range 

7V, 
.6.5V 
.6.6V 

_55°C to 125°C 
ooC to 70°C 

-65°C to 160°C 

NOTES: 1. Voltage values are with respect to network ground terminal. 0 

2. An SN54S200A or SN54S30OA in the W peckage operating at fr ••• Jr temperatur •• above 104 C requi, .. a hl.t sink "'.t provl_. 
thermal resistance from car. to fr .... ir. R8cA' of not more than 38 C/W. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 



256·81T HIGH·PERFORMANCE RANDOM·ACCESS MEMORIES 

4 

t.commended operating conditions 

SN54S200A SN54S300A SN74S200A SN74S300A 
UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply Voltage, Vee Isea Nota 11 4.5 5 5.5 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V 

H ...... evel output voltage, VOH 5.5 5.5 V 

High-level output current, IOH -5.2 -10.3 mA 

low-Ievel output current, IOL 16 16 16 16 mA 

Width of write pull8 Iwrite enable lowl, 
40 50 30 40 

: twlwr) 
no 

Address before write pulse, 

t.ulad) 
O~ O~ O~ O~ 

Setup Date before end of write pull8, 
30t 40t 

tlma 40t 50t no 
tlUlda) 
Chlp .. lect before and of write 

pula, tlUIS) 
40t 50t lOt 40t 

Add .... after write pul .. , thladl 5t 5t 5t 5t 
Hold Date after write pul .. , thIda) 5t 5t 5t 5t 

Chip-alect after write pul .. , 
n. 

tlma 
5t 5t 5' 5t 

tt,IS) 
Operating f ..... ir temperature, T A 

-55 125 -55 125 0 70 -0 70 ·e 
ISee Note 2) 

,*=ommended operating conditions 

SN54LS200A SN74LS200A SN54LS202 SN74LS202 

SN54LS300A SN74LS300A SN54LS302 SN74LS302 UNIT 

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX 

Supply Voltage, Vee Is .. Note 1) 4.5 5 5.5 4.75 5 5.25 4.5 5 5.5 4.75, 5 5.25 V 

HI .... level output voltege, 'LS300A, 
5.5 5.5 5.5 5.5 V 

VOH 'LS302 

HI .... leveI output current, 'LS200A, 
-2 -2.6 -2 -2.6 mA 

IOH 'LS202 

Low-Ievel output current, IOL 16 16 16 16 mA 

Width of write pulse Iwrite enable low), 
50 35 15 15 ns 

twlwr) 
Addrell before write pul .. , 

20~ 15~ O~ O~ 
tlUlad) 

Setup Date before end of write pulle, 
40t 30t 15t 15t ns 

time tlUlda) 
Chip en.ble betor. end of write 

pul .. , tlullO) ,tlU IS) 
50t 40t 35t 35t 

Addr ... after write pul .. , thlad) lOt (It 5t 5t 

Hold Data after write pulse, thIda) lOt at 5t 5t ns 

tl_ Chip-enable after write pulle, 

th(t)l1U Is) 
at at -5t -5t 

Operating f ...... ir tempereture, T A -55 125 a 70 -55 125 0 70 ·c 

NO-rU: 1. VoIt_ velu .. Ir. with retpec:t to network ground termlnll. 0 
2. An SNMS200A or SN&4S300A In the W Peck .... op .... tlng.t fr ••• i&, tlmperetur •• above 104 C ,.qul,. I h •• t link thet pravldell 

th.rmal , .. Iatllncl from Clr. to fr ••• lr. R8 CA' of not more thin 38 C/W. 

TEXAS INSTRUMENTS 
I .... COHPORAJED 

POST OFFICE BOX 5012 • DALLAS, TEX.S 71222 
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256-8IT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

electrical characteristics over recommended operating free-air temperature range (otherwise noted) 

PARAMETER TEST eONDITloNst 
'S200A 'S300A 

UNIT 
MIN TYP MAX MIN TYP MAX 

VIH Higtt-Ievel input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

VIK I nput clamp voltage Vee = MIN, 11= -18mA -1.2 -1.2 V 

VOH 
High.level Vee = MIN, VIH = 2 V, 

2.4 V 
output voltage VIL = 0.8 V, 10H~ MAX 

VOL 
Low-level Vee-MIN, VIH - 2V, SN54S' 0.5 0.5 
output voltage VIL = 0.8 V, 10L=MAX SN74S' 

V 
0.45 0.45 

10H 
Higtt-Ievel Vee = MIN, VIH=2V, VO=2.4 V 50 
output current VIL=0.8V Vn=5.5V 100 

,.A 

10ZH 
Off· state output current, Vee = MAX, VIH = 2V, 

50 
high·lavel voltage applied Vil =0.8 V, VOH = 2.4 V 

pA 

10ZL 
Off'ltate output currant, Vee = MAX, VIH = 2V, 

-50 ,.A 
low-level voltage applied VIL =0.8 V, VOL =0.5 V 

II 
Input current at maximum 

Vee = MAX, VI = 5.5 V 1 1 mA 
input voltage 

IIH Higtt-Ievel input current Vee = MAX, VI=2.7V 20 20 ,.A 

IlL Low-level input current Vee - MAX, VI- 0.5 V -250 -250 ,.A 

lOS Short·circuit output current § Vee = MAX -30 -100 mA 

TA=-55°e 143 143 

Icc 
TA=ooe 100 135 100 135 

Supply current Vee = MAX, 5 .. Note 3 
TA-7o"e 

mA 
124 124 

TA=125°e 117 117 

electrical characteristics over recommended operating free-air temperature range (otherwise noted) 

'LS200A 'LS300A 

PARAMETER TEST eONDITIONst 'LS202 'LS302 UNIT 

MIN' 'TYPt MAX MIN TYPt MAX 

VIH High·level input voltage 2 2 V 

VIL Low~eveI input voltage 0.8 0.8 'v 
VIK I nput clamp voltage Vee· MIN, II ~ -18mA -1.2 -1.2 V 

VOH 
Higlt-ievel Vee = MIN, VIH a 2 V, 

2.4 V 
output voltage VIL -0.8 V, 10H- MAX 

Low-level Vee- MIN, VIH-2V, SN54S' 0.5 0.5 
VOL V 

output voltage VIL -0.8V, 10L-MAX SN74S' 0.45 0.45 

Higtt-Ievel Vee- MIN, VIH=2V, VO-2.4V 30 
pA IOH 

output current VIL-0.8V VO-5.5V 100 

10ZH 
Off-stata output curreqt, Vee- MAX, VIH-2V, 

30 ,.A 
higlt-Ieval voltage appl ied VJL = 0.8 V, VllH- 2.4 V 

10ZL 
Off·state output current, Vee = MAX, VIH a 2 V, 

-30 
low-level voltage appl ied VIL = 0.8 V, VOL - 0.5 V 

II 
Input current at maximum 

Vee-MAX, VI a 5.5 V 1 1 mA 
input voltage 

IIH Higtt-Ievel input current Vee-MAX, VI-2.7V 20 20 ,.A 

IlL Low-level input current Vee = MAX, VI =0.5V -250 250 ,.A 

~ Short..:ircuit output current § Vee-MAX -20 -100 mA 

Icc Supply current - Power up Vee-MAX, See Nota 3 55 70 55 70 mA 

Icc Supply current - Power down Vee-MAX, ee-2.4V 
'LS202 

'LS302 
20 20 mA 

;For condltlonl Ihown •• MIN or MAX u .. the ~p,oprl.te value specified under recommended operating conditions. 

§1~=I!,:~a~:I::,-:~r:,:.,tuYtCJ1':'~ ~o~ :..:.!~ ~~e second. 
NOTE: 3. ICC II mealUred wIth aU Inputo grounded and the output open. 

22 TEXAS INSTRUMENTS 
INCORPORATED 
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256-8IT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

~ 
r."I2OOA, 'LS200A switching characteristics over recommended operating ranges of T A and Vee 
. (un'" otherwise noted) 

, 
SN64SZOOA SN74S200A SN&4LS2OOA SN74LS2OOA i PARAMETER TEST CONDITIONS 
Typj MAX TYpj MAX TYpj MAX Typj MAX 

-'18111 Access time from addrass 30 60 30 40 35 55 35 45 
Ac:c:ess time from chip select 

CL = 30pF, 

'-CSI 'selecttimel 
RL =400n, 15 40 15 30 15 30 15 25 

I_R Sen .. recovery time 
See Note 4 

50 40 55 45 

Oi_ble time from FromS 
CL = 5 pF, 

15 40 15 30 15 30 15 25 . 
'PXZ high or low level FromW 

RL =400n, 
20 45 20 35 20 40 20 30 See Note 4 

'S3OOA and 'LS300A swit~ing characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN&4S3IIOA SN74S300A SN74LS3C1OA 
Typj MAX Typj MAX Typj MAX 

tee_I Accea time from addrass 30 65 30 45 35 55 
Accea time from chip enable 

CL=30pF, 15 40 15 30 30 felSI lenable timet 
15 

taR Sense recovery time 
RL1=300n, 

50 40 55 
Propagation delay time, 

RL2=600n, 

t roms See Nota 4 15 35 16 30 16 30 
tpLH lo~to-high-Ievel output 

FromW 20 45 20 35 20 40 
Idiseble timel 

'LS202 switching characteristics over recommended operating ranges of T A and Vee 
(un'" otherwise noted) 

PARAMETER TEST CONDITIONS 
SN64LS202 
TYpj MAX 

'-Cedi Accea tim. from addrass CL=30pF, 35 

l .. IEI Accea time from chip enable lenable timel RL=400n, 45 

taR Sense recovery time Sae Nota 4 20 

. I From ~ 'CL - 6pF, 
20 

'PXZ O_bIB time from hIgh or low level I W RLI -400n, 
20 From 

SaeNote4 

tePD Chip power-down tim. See Figura 1 65 

t,.11 typical valu .. ara at Vee - S v, T A - 2S°C. 
NOTE: .. Load cln:ult and voltalll waveform. ara Ihown In Appendix f<" p_ 44. 

TEXAS INSTRUMENTS 
INCORPORATED 

~.T O""'CI! IIOX 5D12 • DALLAS, TEXAS 11222 

SN74LS3OOA 
TYpj MAX 

35 45 

15 25 

45 

15 26 
20 30 

SN74LS202 

TYP* MAX 

35 

45 
20 

20 

20 

65 

UNIT 

ns 

n' 

_lIS 

ns 

UNIT 

ns 

n. 

ns 

ns 

UNIT 

ns 

ns 
ns 

ns 

ns 

23 
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256-811 HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'LSJ02 switching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 
SN54LS302 

TYP* MAX 
ta(ad) Access time from address 35 
ta (E) Access time from chip enable (enable time) 

CL=15pF, 
45 

tSR Sense recovery time RL' = 400 n, 
20 

Propagation delav time, L From ~ 
RL2 = 600 n, 

20 
tpLH See Note 5 

low-t~high level output (disable time) I From W 20 

-, 

SN74LS302 

TYP; 
UNIT 

MAX 
35 --." 45 "I 

20 --"'-
20 

20 
nI 

tEPD Chip power-down time OCC ... 38.5 mAl See Figure 1 65 65 nI .. " 

fAil typical values are at VCC = 5 V, T A = 25°C. 
NOTE: 5. Load circuit and voltage waveforms are shown in Appendix A, page 44. 

fr-1-.5-v------,\ ~;_V - - - - -
-----'I I 

,--t-tEPD 

3V 
CHIP ENA8LE 

OV 

--~\~ / 
SUPPLY CURRENT .L ... _;..... _______ -J _____ _ 

POWER-UP 

POWER-DOWN 
--t I.-tpxz , 

i i' r" -I ta (EI 

i- ' ,..------VOH 
DATA OUTPUT - = = T I _ _ , -41,5 V 

('LS2021 _ Q.._,5 :!. j __ L -'< 

DATA OUTPUT 
('LS3021 

::r --- ~-- ---VOL 
0.5 V I I .. _, te fEI 

~tPxz I 

- - -',.-'-.5-V------'-.5-V-,t - - - - - -VOH 

- ~-----VOL 

FIGURE 1. POWER·DOWN WAVEFORMS 

P"NTED IN U.S ... . 

TEXAS INSTRUMENTS 
TI (onnol anume ony responsibility 'or ony duuifs ..... ,. 

IN(OHPOH.ATED 

POST OFFICE BO)( 5012 • DALL ..... TIlXA. 15222 

or reprueni thol 'hey ar, hu from pOl,n, jnfrill· ........ . 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT A 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE am PIOOUCT I 
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SCHOTTKYf 
m MEMORIES 1024-BIT HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized 1024 
Words of One Bit Each 

• Schottky-Clamped for High Performance 

• Choice of Three-State or Open-Collector 
Outputs 

DECEMBER 1978 

SN54LS214, SN54LS314 
SN54LS215, SN54LS315 

SN54S214, SN54S314 , •. J PACKAGE 

SN74LS214, SN74LS314 
SN74LS215, SN74LS315 
SN74S214A, SN74S314A 

SN74S214, SN74S314 ... J OR N PACKAGE 
(TOPVIEWI 

i: • Compatible with Most TTL and 12L Circuits 
'EIS 1 16 vce 

i 

'1 

• Chip-Enable/Select Inputs Simplify External 
Deooding 

• Typical Performance 

READ POWER 
TYPES 

ACCESS TIMES DISS 

SN74S214AI'S314A 30 ns 550mW 

SN74S2141'S314 40 ns 550mW 

SN54S2141'S314 40 ns 550mW 

SN74LS2141'LS314 75 ns 200mW 

SN54LS2141'LS314 75 ns 200mW 

SN74LS2151'LS315 75 ns 200mW 

SN64LS2151'LS315 75 ns 200mW 

'LS215I'LS315 

POWER DOWN 
l00mW 

AO 2 15 01 

Al 3 14 W 
A2 4 13 A9 

A3 5 12 AS 

A4 6 11 A7 

DO 7 10 A6 

GND 8 9 A5 

Pin n.lgnmentl .r ... m. for .11 pecka,,". 
E - Chlp·Enable for 'LS21 5, 'LS315 
if - Chip-Select for 'LS214, 'LS314, 'S214, 'S314 

'5314", '5214" 

'f-ription 
,iI.. 

Thill 1024-bit active-element memories are monolithic transistor-transistor logic (TTL) arrays organized as 1024 words 
of one bit. They are fully decoded and have a chip-enable or chip-select input to simplify decoding required to achieve 
expanded system organizations. When the 'LS215/'LS315 is disabled, all read and write functions are in a power-down 
mode, that is, turned off . 

.. evcle 

The information applied at the data input is written into the salected location when the chip-enable/select input and 
the write-enable input are low. While the write-enable input is low, the 'S214A, 'S214, 'LS214, and 'LS215 outputs are 
in the high-impedance stata and the 'S314A, 'S314, 'LS314 and 'LS315 outputs are off. When a number of outputs are 
bus-c:qnnected, this high-impedance or off state will neither load nor drive the bus line, but it will allow the bus line to 
be driven by another active output or a passive pull-up, 

.-d evcl. 

The stored information is available at the output when the write-enable input is high and the chip-enable/select input is 
low, When the chip-enable/select input is high, the 'S214A, 'S214, 'LS214, or 'LS215 output will be in the 
high-impedence state, the 'S314A, S314, LS314, or LS315 output will be off, and the 'LS215 or 'LS315 will be in a 
power-down mode, 

DESIGN GOAL 

=:==:::===~'::TEXAS INSTRUMENTS 
..... A.i. _ the ...... tD ....... .. iNCORPORATED 
............ tllil product wltliout nCltlae, ~08T O",CI .ox 50" • OALLA •• TUA ...... 



26 

1024-81T HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

INPUTS 

FUNCTION CHIP ENABLE III 
OR SELECT IS) 

Write L 

Reed L 

Inhibit H 

H ;;;;;; high level, L == low lwei, X == Irrelevent 

schamatics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vee--------~----~-

' .... PUT--_ .... ---i----i 

FUNCTION TABLE 

'8214A 
'8214 

WRITE ENABLE 'LS214 

(WI 'LS211i 
OUTPUT IDOl 

L High Impedance 

H Stored Data 

X High Impedance 

'S214A, '5214, 

'LS214, 'LS215 OUTPUT 

Vee 

OUTPUT 

'S314A 
'1314 

'LS314 
'LS311i 

OUTPUT IDOl 
Off 

Stored Data 

Off 

'S314A, 'S314, 

'LS314, 'LS315 OUTPUT 

__ ~OUT'UT 

absolute maximum ratings over operating fraa-air temperatura rangs (unlass otherwise notad) 

Supply voltage, VCC 1_ Note 11 
Input voltage . , . . . . 
Off·Stata output voltage 
Operating free-air tamparatura range: 

Storage tamperatura range 

SN54S' and SN54LS' Circuits 
SN74S' and SN74LS' Circuits 

NOTe: 1. Volta ... valu. are with _pact to network ground tIOrmlnal. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OPP"CE BOX 5012 • DALLA •. TaXA. 7.a., 

. 7V 

.5,5V 
•• 6.6 V 

-55°C to 125"C 
. rfCto 700 e 
-s6"c to 1600 e 



1024-81T HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 
IL .. 

• 14A, '8214 recommended operating conditions 
, 

SN54S214 SN74S214A SN74S214 
MIN NOM MAX MIN NOM MAX MIN NOM MAX 

UNIT 

~ Supply Voltage. VCC (see Note 1) 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V 
'_If!Ih-level output current. IOH -5.2 -10.3 -10.3 mA 
~evel output current. IOl 16 16 16 mA 
'!IfId1il of write pulse (write enable low). tw(wr) 55 35 50 ns 

a.tup 
Addr ... before write pulse. tsuCad) 15~ 5~ 15' 

time 
! 1.18ta before end of write pulse. tsu(da) 60t 40t 65t ns 
Chip select before end of write pulse. tsu(S) 60t 40t 65t 

Mold 
Address after write pulse. th(ad) 5t 5t 5t 

time 
Data after write pulse. thIda) 5t 5t 5t ns 
Chip select after write pulse. th~ 5t 5t 6t 

Operating fre •• ir temperature. T A -55 125 0 70 0 70 ·C 

'S314A, '8314 recommended operating conditions 

SN64S314 SN74S314A SN74S314 
MIN NOM MAX MIN NOM MAX MIN NOM MAX 

UNIT 

luppIy Voltage. VCC (see Note 1) 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V 
Nltlh-le .. 1 output voltage. VOH 5.5 5.5 5.5 V 
LaWol_1 output current. IOl 16 16 16 mA 
Width of write pulse (write enable low). tw(wr) 56 35 50 ". 
a.tup 

Addre. before write pulse. tsu(ad) 15~ 5~ 15~ 

lime 
Data before end of write pulse. tsu(da) 60f 40t 65t ns 

Chip select before end of write pulse. tsu(S) 60f 40t 65t 

Mold 
Address after write pulse. th(ad) 5f 5f 5f 

t ..... 
Data efter write pulse. thIda) 5t 5t 5t n' 
Chip selact after write pulse. th(~ 5f 5f 5t 

Openting free-air temperature. T A -66 125 0 70 0 70 ·C 

t'The arrow Indlcat .. the transition from the read/write Input u .. d for refarance: t for the low·to-hlgh tranlltlon, '" for the hlgh-to-Iow 
_Itlon. 

NOTE: 1. Voltage values are with ,.pect to network ground tarminal. 

\ 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OF,ICE IIOX !lDU • DALLA •• TEX"S 75222 

27 



28 

'LS214, 'LS314. 'LS215. 'LS315 recommended operating conditions 

SN54LS214 SN74LS214 SN64LS215 SN74LS216 

SN54LS314 SN74LS314 SN64LS316 SN74LS31S 

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM 

Supply Voltage, VCC (see Note 1) 4.5 5 5.5 4.75 5 5.25 4.5 5 5.5 4.75 

High·level output voltage, VOH 
'\..S314, 

5.5 5.5 5.5 
rt,S315 

High·level output current, 10H 
'LS214, 

LS215 
-5.2 -5.2 -5.2 

Low·level output current, 10L 16 16 16 

Width of write pulse Iwrite enable lowl, 
75 60 • 75 60 

tw(wrl 
Address before write pulse, 

251 201 251 201 
tsuledl 

Setup oeta befora end of write pulse, 
95t 75t 95t 75t 

time tlUldal 
Chip-select/enable before end 

of write pulse, tlUIE), tsuiS) 
95t 75t 95t 75t 

Address after write pulse, thlad) 20t 15t 20t 15t 

Hold Data after write pulse, thIda) 20t 15t 20t 15t 

time Chip-select/enable after writa pulse 
20t 15t 20t 15t 

thlE), thIS) 
Oparating fre.air temperatura, T A -55 125 0 70 -55 125 0 

'S214A. 'S214. 'S314A. 'S314 electrical characteristics over recommended operating free-air 
temperature range (otherwise noted) 

5 

MAX 

5.25 

5.5 

-5.2 

16 

70 

PARAMETER TEST CONDITIONst 
'S214A, 'S314A '5214, 'S314 

MIN TVP:!: MAX MIN 

VIH High-level input voltage 2 2 

VIL Low·level input voltage 0.8 

VIK I nput clamp voltage VCC - MIN, 11--18 mA -1.2 

VOH 
High·leval 'S214A, VCC - MIN, VIH· 2 V, SN54S' 2.4 3.3 2.4 

output voltago 'S214 VIL = 0.8 V, 10H· MAX SN74S' 2.4 2.9 2.4 

Low-Ieval VCC - MIN, VIH· 2 V, SN54S' 0.5 
VOL 

output voltago VIL· 0.8 V, IOL - MAX SN74S' 0.45 

High-level 'S314A, VCC - MIN, VIH - 2 V, VO-2.4 V 50 
10H 

output current 'S314 VIL D 0.8 V VO-5.5 V 100 

10ZH 
Off-state output current, 'S214A, VCC = MAX, VIH • 2 V, 

50 
high·laval voltago appliad 'S214 VIL - 0.8 V, VOH - 2.4 V 

10ZL 
Off-Itate output currant, 'S214A, VCC - MAX, VIH - 2 V, 

-50 
low-Ieval voltage appliad 'S214 VIL· 0.8 V, VOL· 0.5 V 

II 
I nput currant at maximum 

VCC • MAX, VI - 5.5 V 1 
input voltage 

IIH High-Ievallnput currant VCC· MAX, VI - 2.7 V 25 

IlL Low·level Input current VCC = MAX, VI - 0.5 V -250 

lOS il:S214A, Short-circuit output currant§ 'S214 VCC· MAX -30 -100 -30 

TA--55°C 170 

ICC Supply current VCC - MAX, See Nota 2 TA-ffC 155 

TA-MAX 130 

tFor condition •• hown "' MIN or MAX u .. thl "fproprl"ta vllul .peclflld undlr recommlndld operating condition .. 
:!:Th .. 1 tYpical vllu .. lro It Vee - 5 V, T A- 26 e, 
§ Dur.tlon of the ehon circuit Ihould not exceed on. second. 
NOTES: 1. Voltage va'u" .r. with ,.peet to network ground t.rmlnal. 

2. ICC II mHlured with all Input. grounded and the outPut open. 

TEXAS INSTRUMENTS 
INCORPORATED 

~O.T OFPICI .OX SOli • DALLA., TIX ... 78Z22 

TVP:!: MAX 

0./1 

-1.2 

3.3 

2.9 

0.5 

0,45 

50 

100 

&0 

-50 

1 

25 

-250 

-100 

170 

155 

130 

. 
UNIT 

V 

V 

mA 

mA 

nl 

nl 

ns 

·C 

UNIT 

V 

V 

V 

V 

V 

,.A 

,.A 

,.A 

mA 

,.A 

,.A 

mA 

mA 



1024-81T HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

~. :S214, 'LS314, 'LS215, 'LS315 electrical characteristics over recommended operating free-air 
~1 temperature range (otherwise noted) 
~:, ' .. . 'LS214 d; 

~~ PARAMETER TEST CONOITIONst 'LS314 

MIN TYP+ MAX MIN 

( 'VIH High-level input voltage 2 2 

~ rVIL Low-level input voltage 0.8 

f tVIK Input clamp voltage Vce = MIN, 11=-18rnA -1.2 ,. 
High-Ieval 'LS214, Vee - MIN, VIH -2 V, 

,iVOH 2.4 3.3 2.4 
output voltage 'LS215 VIL = 0.8 V, IOH = MAX 

Low-ievel Vee - MIN, VIH = 2 V, 
0.5 VOL output voltage VIL = 0.8 V, IOL = MAX 

High-level 'LS314, Vee = MIN, VIH = 2 V, VO=2.4 V 50 
IOH 

'LS315 VIL=O,8V VO=5.5 V 100 output current 

.IOZH 
Off-.tlte output current, 'LS214, Vee = MAX, VIH = 2 V, 

50 
high-level voltage applied 'LS215 VIL = 0.8 V, VOH = 2.4 V . Off-nita output current, 'LS214, Vee = MAX, VIH = 2 V, 

:.,JOZL -50 
10w-le .... 1 voltage applied 'LS215 VIL = 0.8 V, VOL = 0.5 V 

";~I 
Input current at maximum 

Vee = MAX, VI = 5.5 V 1 
input voltage 

'IH High-Ieval input current Vee = MAX, VI = 2.7 V 25 

IlL Low-level input current Vee - MAX, VI = 0.5 V -250 

:105 
'LS214, 

Short-circuit output current § 'LS215 Vee = MAX -30 -100 -30 

TA=-55°e 75 

ICC Supply current Vee = MAX, S .. Note 2 TA=Ooe 40 65 

TA=MAX 55 

!'ICC ,/:LS215 
Supply current - Power down 'LS315 Vee = MAX, E .. 2,4 V 

, .... conditione thown •• MIN or MA X u .. the afpropriate value specified under recommended operating conditions. 
~ typlc.1 valu .. ara.t Vee· 5 V, T A = 25 e. 
,Duretlon of "e.hort circuit Ihould not exceed one second. 
NOTE, 2. ICC I. ma .. ured with all Inputs grounded .nd tha output open. 

'LS215 

'LS315 

TYP~ 

3.3 

40 

20 

'1214, 'LS214 switching characteristics over recommended operating ranges of T A and Vee 
(unle. otherwise noted) 

MAX 

0.8 

-1.2 

0.5 

50 

100 

50 

-50 

1 

25 

- 250 

-100 

TEST SN54SZ14 SN74S214A SN74S214 SN54LS214 SN74LS214 
PARAMETER 

CONDITIONS TVP* MAX TVP* MAX TVP* MAX TVP* MAX TYP; MAX 

teledl Acc_ time from address 40 75 30 45 40 70 75 140 75 95 

Accen time from chip saleet 
CL = 30pF, 

telSI lleleet timl' 
.PlL = 400 n, 15 45 15 30 15 40 30 50 30 40 

Sen. reeovery timl 
S .. Note 3 

20 55 40 25 50 35 'IF' 20 75 35 65 

Di.bl. tim. from I from S eL-5pF, 
20 50 15 30 20 40 30 50 30 40 

IftXZ I fromW 
RL z 400n, 

20 high or low level 45 20 30 20 40 35 60 35 &0 
S .. NOli 3 

*All typlc.lv .. u ..... at Vee· 5 V, TA· 25°C. 
NOTE: 3. Load circulI and vol.go wevaformo ar. ohown In Appandlx A, pago 4"-

TEXAS INSTRUMENTS 
INCORPORATED 

poeT O~II'ICI .ox lOll • DAL.LA •• TIXAa 71122 

UNIT 

V 

V 

V 

V 

V 

"A 

"A 

"A 

mA 

"A 

"A 

mA 

mA 

rnA 

UNIT 

ns 

ns 

ns 

ns 

29 
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1024-81T HIGH-PERFORMANCE RANDOM-ACCESS MEMORIES 

'5314 and 'LS314 switching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETER 
TEST SN54S314 SN74S314A SN74S314 SN54LS314 SN74LS314 

CONDITIONS TYP+ MAX TYP+ MAX TYP+ MAX TYP+ 

taladl Access time from address 40 75 30 45 40 70 75 

Access ti'1le from chip select 
lalSI CL = 30pF, 15 45 15 30 15 40 35 

lselecl limel 
RLI = 300 n, 

tSR Sense recovery time 20 55 20 40 25 50 35 

Propagation delay time'J~_ 
RL2 = 600 n, 

low-to-high-Ievel output ~ See Note 3 20 50 15 30 20 40 45 
tPLH 20 45 20 30 25 40 35 

Idisable timel 

tAli typkel value.sr •• t Vee - 5 V. TA "" 2SoC. 

'LS215 switching characteristics over recommended operating ranges of T A and Vee 
(unless otherwise noted) 

PARAMETER TEST CONOITIONS 

tala<!1 Access time from address CL=15pF, 

talEI Access time from chip enable 'enable time) RL = 400 n, 

tSR Sense recovery time See NOle 5 

L from E 
CL - 5pF, 

tpxz Disable time from hi9h or low level I RLl = 400 !I, 
fromW 

See Note 3 

tEPD Chip power-down time See Figure 1 

'LS315 switching characteristics over recommended operating ranges of TA and Vee 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS 

la(edl Access time from address 

Access time from chip enable (enable time) 
CL=15pF, 

tatE) 

tSR Sense recovery time 
RLl =40012, 

Propagalion delay time, I from E 
RL2 = 600 n, 

tPLH low-to-high level output (disable lime) 1 from W 
See Note 3 

tEPD Chip power-down time See Figure 1 

tAli typical values are at Vee = 5 V, TA = 25°C 
NOTE: 3. Load circuit and voltage waveform. are shown In Appendix A, page 44. 

MAX 

140 

60 

60 

70 

60 

f ,·5V 
--~I 

3V 
CHIP ENABLE 

OV 

,----..r tEPD 

TYP+ 

75 

35 

35 

45 

35 

TYP+ 

75 

55 
35 

30 

35 

65 

TYP+ 

75 

55 

35 

30 

35 

65 

-------,\~ / PDWER·UP 

SUPPLY CURRENT I 1.1:_:.... _______ -J _____ _ 

POWER-DOWN 

~ ~lpXZ I 1 I I r- .. , lalCE) 

DATA OUTPUT- f = T t __ I -4'-r,-.5- V-----VOH 

('LS211i1 0.5 ~ j _ L ~ 

DATA OUTPUT 
('LS3161 

- ---::.T--""'--- ~ - - - - -VOL 
0.5V) I_ .. , lalCE) 

~tpxz I 
- - -f,..-,.-5-V------,-.5-V~+---- --VOH 

- '-------VOL 

FIGURE 1. POWER·DOWN WAVEFORMS 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 

MAX 

95 

50 

50 

60 

50 

MAX 

MAX 

UNIT 

I 
ns 

1 
ns 

ns 

ns 

UNIT 

ns 
ns 
ns 

ns 

ns 

UNIT 

n. 

ns 

os 

ns 

OS 



SCHOTTKYf 
MEMORIES 1024-811 EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

• Static Fully Decoded RAM's Organized as 256 
Words of Four Bits Each 

• Schottky-Clamped for High Performance 

• Edge-Triggered Write Control 

• '8207 Data and Address are Same Pins as 1 K PROM's 
(SN54S287, SN748287, SN54S387, and SN74S387) 

• High-Density Dual-in-line Packages have Pin-Row 
Spacing of O.300-lnch 

• Three-State Output for Driving Bus-Organized 
Systems and/or Highly Capacitive loads 

• Compatible with Most TTL and 12l Circuits 

• Typical Performance: 

ACCESS TIMES POWER 
TYPES 

WRITE READ DISS. 

SN64S207/'S208 35 no 40 no 600mW 

SN54LS207I'S208 65 no 75 n. 200mW 

.-cription 

These 1024-bit active-element memories are mono
lithic transistor-transistor logic (TTL) arrays orga
nized as 256 words of four bits each. They are fully 
decoded with output enable inpuu to simplify 
decoding required to achieve the desired system 
organization. Read and write times are virtually 
equal, which simplifies control implementation. 

lI:hematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

INPUT ..... *"'------+---1 

write cycle 

SN54LS207.sN&4S207", J PACKAGE 
SN74LS207,SN74S207 , , ,J OR N PACKAGE 

(TOPVIEWI 

ADG 1 16 VCC 

ADF 2 15 ADH 

ADE 3 14 W 

ADD 4 13 OE 

ADA 12 I/O 1 

ADB 11 110 2 

ADC 7 10 1/03 

GND 8 9 1104 

SN54LS208.sNl4S208 ••• J PACKAGE 
SN74LSZC18.sN74S208 ••• J OR N PACKAGE 

(TOPVIEWI 

ADA 20 VCC 

AD8 2 19 DI4 

ADC 3 18 ADH 

ADD 4 17 W 

DI3 5 16 OE 

ADE 6 15 D04 

ADF 7 14 D03 

ADG 8 13 D02 

DI2 9 12 DO 1 

GND 10 11 DI 1 

Pin ... ""menu.re tame for aU p..:k ..... 

OUTPUT 
vee 

While the output-enable input, DE, of the 'LS207, 'S207 is high, data applied to the input/output (I/O) is written into 
the selected location on a positive transition at the write input. Information at the data input of the 'LS208, 'S208 
memory is written into the selected location on a positive transition it the write input regardless of the state of the 
output-enable input. While the output-enable input of either is high, the output is in the high-impedance state. When a 
number of outpuU are bus-connected, this high-impedance output state will neither load nor drive the bus line, but it 
will allow the bus line to be driven by another active output or a passive pull-up if desired . 

.... cycle 

The stored information is available at the output when the output-enable input is low. 

DESIGN GOAL 
'II1II ~_ prow .... _tIvtI infor-
....... an • product in tile dewI_ 
--.. ...... T_I-.. ........ _ 
.. rIIht tD ........ or dilaontinue til. 
pnIduat wlth_ not .... 

TEXAS INSTRUMENTS 
INCORPORATED 

POST Of'FICE BOX 5012 • DALLAa. T.XA. 71.122 
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1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

'LS207, 'S207 functional block diagram 

en 

~ 
! 
IJ! ... 
0:: 
C 
C 
< 

-
-
-
-
-
-
-
-

~r 
I---
r-- -
r-- -
r-- -

AODRESS 1024-BIT 

DECODEI N STORAGE 

BUFFERS 

_L 
ELEMENT I--I--

r--I--
I--I--

r--I--

FUNCTION TABLE 

FUNCTION WRITE ENABLE 

WRITE t H 

READ H or L L 

DO NOTHING H or L H 

H - HIGH_ L = LOW_ t = LOW-TO HIGH TRANSITION 

'LS208" 'S208 functional block diagram 

5 
II. 
! 
12 ... 
0:: 
C 
C 
< 

ADDRESS 

DECODEI 

BUFFERS 

FUNCTION 

WRITE AND READ 

READ 

DO NOTHING 

WRITE ONLY 

1024-BIT 

STORAGE 

ELEMENT 

~ 
DATA INPUTS 

FUNCTION TABLE 

WRITE 

t 
Hor L 

Hor L 

t 
H - HIGH, L = LOW, t - LOW-TO-HIGH TRANSITION 

ENABLE 

L 

L 

H 

H 

! OUTPUT EN 

OUTPUT 

BUFFERS 

/\. 

~ 

WRITE -
BUFFERS 

/\. 

1 
WRITE 

OUTPUTS 

Hi-Z (USE AS DATA INPUTS) 

DATA ADDRESSED 

Hi-Z 

OUTPUT ENABLE 

OUTPUT 

BUFFERS 

WRITE 

OUTPUTS 

DATA ADDRESSED 

DATA ADDRESSED 

Hi-Z 

Hi-Z 
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1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

-iIiIoIute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage 
Off-state output voltage 
Operating free·air temperature range: SN54LS', SN54S 

SN74LS', SN74S . 
Storage temperature range 

~,~·NOTE1: All voitega vllu_ Ir. with respect to network "round terminal. 
~;.. 

~, '8208 recommended operating conditions 

i Supply voltage, Vee 

.. "'II1II-1_1 output current, IOH 

,Law-I_I output current, IOl 

Width of write pulse (high), tw(wr) 

"tuptlme Addre.s before write, tsu (ad) 

(_ Figures 3 and 4) Data before writa, tsu(da) 

Output enable after write, th(l5E) (see Figure 3) 

·HoIdtima Address after write, th(ad) (sea Figures 3 and 4) 

Data after write, thIda) (s .. Figures 3 and 4) 

. Operating free·air temperature. T A (sea Nota 3) 

'S207 

tTha .rrow Indlcatel that the rising transition of the write input is used for reference. 

SN54S' 

MIN NOM 

4.5 5 

15t 

at 

at 
th(da)t 

35t 

35t 
55 

MAX MIN 

5.5 4.75 

-2 

16 

th(da)t 

125 a 

7V 
.5.5 V 
.5.5 V 

-55°C to 125°C 
oOe to 70°C 

-65°C to 150°C 

SN74S' 

NOM MAX 
UNIT 

5 5.25 V 

-6.5 mA 

16 mA 

15t n. 
at 

at 
n. 

35t ns 

35t 
70 e 

'S207 :8208 electrical characteristics over recommended operating free-air temperature range 
, ....... otherwise noted) 

PARAMETER TEST eONDITIONst 
MIN 

SN54S' 

TYPt MAX 

SN74S' 

MIN TYPt 
UNIT 

MAX 

VIH High·level input voltage 2 2 V 

.Vll low·laval input voltage O.B O.B V 

VIK Input elamp voltage Vee = MIN, 11=-lBmA -1.2 -1.2 V 

VOH Hlgh·level output voltage 
Vee- MIN, VIH=2V, 

Vil = O.B V, IOH = MAX 
2.4 3.4 2.4 3.2 V 

VOL Low-level output voltage 
Vee c MIN, VIH = 2 V, 

0.5 0.5 V 
Vll= O.B V, 10l = 16 mA 

"OZH 
Off'ltate output currant 'S207 Vee· MAX, VIH = 2V, 100 100 

hlgh·level voltage applied 'S208 Vo = 2.4 V 50 50 "A 

Off-state output current 'S207 Vee· MAX, VIH-2V, -250 -250 
IOZl low·level voltage applied 'S208 VO= 0.5 V -50 -50 "A 

II Input current at maximum input voltage Vee = MAX, VI = 5.5 V 1 1 mA 

I 'S207 100 lOa 
IIH High-level input current 

'S208 
Vee= MAX, VI = 2.4 V 

25 25 "A 

IlL low·level input currant Vee= MAX, VI = 0.5 V -250 -250 "A 

lOS Short-circuit output current § Vee- MAX -30 100 30 100 mA 

L 'S207 120 120 
ICC Supply current Vee-MAX, See Note 2 mA 

'S208 120 120 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE 1I0X 5012 • DALLAS. TEXAS 75222 
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1024-81T&DGE-TRIGGERED RANDOM-ACCESS MEMORIES 

'LS207, 'LS208 recommended operating conditions 

SN54lS' SN7"lS' 
MIN NOM MAX MIN NOM 

Supply voltage, Vcc 4.5 5 5.5 4.75 5 
High-Iavel outpUt current, IOH -2 

Low-Iavel outpUt current, IOl 12 
Width of write pulse Ihighl, twlwrl 25t 25t 
Setup time Address before write, t..,ladl ot ot 
lsee Figurel 3 and 41 Oata before write, t..,ldal ot ot 

Output enabla after write, thl~1 lsee Figure 31 '5207 thldal t thldal t 
Hold time Addr"l aft.r writa, thladl lsee Figure. 3 lind 41 65t 65t 

Oate .fter write, thldal lsee Figure. 3 and 41 65t 66t 
Oper.ting free-air temperature, T A lsee Note 31 -55 125 0 

tThe arrow Indlca.1 that the rillng1rlnsitlon of the write Input II u.d for reference. 

'LS207, 'LS208 electrical characteristics over recommended operating free-air temperature range 
(unless otherwi. noted) 

PARAMETER TEST eONDITloNst 
SN&4lS' 

MIN TVPt MAX MIN 

VIH High-level input voltage 2 2 

Vil low-level input vol tage 0.8 

VIK Input Clamp voltage Vee~ MIN, II a -18 mA -1.2 

VOH High-level output voltage 
Vec - MIN, 

Vil - 0.8 V, 

VIH a 2 V, 
2.4 

IOH -MAX 
3.4 2.4 

Val Low-level output voltage 
VCC- MIN, VIH-2V, 

0.5 
Vll· 0.8 v, IOl -16mA 

IOZH 
Off-ltate output current 'lS207 VCC- MAX, VIH -2 V, 100 

high-level volt. applied 'LS208 Va· 2.4 V 50 

IOZl 
Off-ltete outpUt current 'LS207 Vee· MAX, VIH· 2 V, -250 

low-level voltage applied 'LS208 Va -0.5V -50 

II Input current at maximum input volt. Vcc- MAX, VI· 5.5 V 1 

IIH High-level input current 
I 'LS207 

VCC· MAX, VI· 2.4 V 
100 

I 'LS208 25 

III low-level Input current VCC· MAX, VI· 0.5 V -250 

lOS Shon-circuit output current§ VCC· MAX -20 -100 -20. 

ICC Supply current 
I 'LS207 

VCC· MAX, See Note 2 
40 

I 'LS208 40 

tFor condltlonllhown II MIN or MA)(. UN the appropriate v.IUIIP_fled under recommended operetlng condltlonL 
*AIJ typical valu .. ara at Vee· 'V, TA - 2,° c. 
I Durltlon of thl ahort-clrcult thould not exceed one HCond. 
NOTES: 1. All voltage velu .. ara with r_act to network .ound _minai, 

SN7"LS' 
TVPt 

3.2 

40 

40 

MAX 

5.25 

-6.5 

16 

70 

MAX 

0.8 
-1.2 

0,& 

100 

50 

-250 

-50 

1 

100 

25 
-250 

-100 

2. ICC II m ..... red with tha wrltalnput high, output anablalnput grounded, ell othar Inputs at 4.5 V, and en outputs open, 

TEXAS INSTRUMENTS 
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UNIT 

V 

rnA 
mA 

ns 

nl 

nl 

C 

UNIT 

V 

V 

V 

V 

V 

IIA 

"A 

rnA 

"A 

"A 
mA 

mA 



1024-81T EDGE-TRIGGERED 'RANDOM-ACCESS MEMORIES 

f 
I' 

liritching characteristics at Vee = 5 V. TA = 25°e 
" ;; 
i PARAMETER TEST CONDITIONS 

t.cedl Access time from address 

1eclJ!) Access time from output enable (enable time) 
CL = 30pF, RL=300n, 

See Figure. 1 thru 5 

" ..... 1 
Access time from write 'L5208, 'S208 
Di.ble time from high or low fromOE§ CL-5pF, RL1 - 300 n, 

ipxz 
level (see Note 4) fromW See F igu res 3 and 5 

,... .. per.m .... dafln .. the delay for the I/O port to enter the Input mode. 

ADDRESS INPUTS 

(_Note AI 

OUTPUT 

151 end 52 cl ...... 1 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

I kn 

Vee 

SI~ 

CL include. probe and Jig capacltanca. 
A!! diod ... r. 1 N3064. 

FIGURE 1 - LOAD CIRCUIT 

FIGURE 2 - ACCESS TIME FROM ADDRESS INPUTS 

VOLTAGE WAVEFORMS 

DTE A. When meaturlng delay times from ~dr ... Inputl. the oU'tPuMnable and write Inputs a,. low. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

'5207, '5208 'LS207 :LS208 
UNIT 

TVP MAX TVP MAX 

40 75 n. 

15 20 nl 

25 50 ns 

15 20 

15 20 
nl 

3V 

OV 

VOH 

VOL 

35 



36 

1024-81T EDGE-TRIGGERED RANDOM-ACCESS MEMORIES 

ADDRESS INPUT 

OUTPUT ENABLE 

WRITE INPUT 

INPUT/OUTPUT 
C_oIyH ...... L1 

INPUT/OUTPUT 
CP_oIyL •• _HI 

FIGURE 3 - ·LS207. '5207 WRITE AND READ VOLTAGE WAVEFORMS 

ADDRESS INPUTS 

DATA INPUTS 

WRITE INPUT 

OUTPUT WAVEFORM 1 

CS,ori ... Highl 

OUTPUT WAVEFORM 2 

"'Codl ,- -I- 'hCodl--l 
------.... ',.- - T---~~3V 
____ .../~.IV , ?~V __ DV 

... eel.I" _I_ ""Cd.l ..... -------... 'r - - -~~ 
.../~~V : 7~ __ 

3V 

DV 

~ ... C .. I .. 

1 -I 3V 

__________ --'~'_.I_V ____ DV 

I-- ,"Cwrl ---t 

______________________ ~ ________ __J~ 
VOH 

~'.Cwrl~ 
-----------------~ I VOH ~UV 

"-- VOL 

FIGURE 4 - ·LS208. 'S208 WRITE WHILE READ VOLTAGE WAVEFORMS (OUTPUT ENABLE IS LOW) 

~ ... 1-~-V-----...J4"t.5~ ___ 

OUTPUT ENABLE 

CSooNotoBI 

3V 

DV 

j. ,"COEI.! I-t' 'PLZ 

II ,1.& V :} ~r-D~-V--

...... COEI-.j I .IC-f- L --
WAVEFORM 1 

~4'&V 

VOL 

VOH 
WAVEFORM 2 Y U V I: 'kl -=--=--~ D--:V-
CS1_.SZ._._N_CI r I" ~ 

;;.. ____ ---J .-. ~ 'PHZ DV 

FIGURE 5 - ACCESS (ENABLE) TIME AND DISABLE TIME FROM OUTPUT ENABLE 

VOLTAGE WAVEFORMS 
NOTES: B. Whan me.lurlng deley tim •• from the oU'tPut .. nable Input, the addr ... Inputs .r. steadY-ltate and the wrlte/r •• d Input II low. 

C. Waveform 1 II for the output with Internal conditions luch that the output I, low except whan dl •• bled, Waveform 2 "for the 
output with Internal conditione luch thet the outPut 'I high except when dlAblad. 

D. Input waveforms .r. supplied by the pul .. generatora having the following characterlsticl: t, < 2.5 ne, tf <: 2.6 ne, PRA " 1 MHz, 
and Zout .., 60 n. 

TEXAS INSTRUMENTS 
INCORPORATED 

,"oaT O""ICE BOX ,o12 • DALLA •• TEXA8 ?'III 

PRINTED IN U.S.A.' 
TI (annol anume ony responsibility for any (ireu;h ..... 

r'prelenl .hat Ihey art fret ·trlrn palent inffin ......... 

TEXAS INSTRUMENTS RESERYES THE RIGHT TO MAKE (HINGES AT 
IN ORDER TO IMPROYE DESIG.N AND TO SUPPLY THE lEST ~ 



BIPOLAR 
MEMORY 

SN54S400,SN74S400,SN54S401,SN74S401 
4096·BIT STATIC RANDOM·ACCESS MEMORIES 

• Organized as 4096 Words of 1 Bit Each 

• Fully Static Storage 

• High-Density 18-Pin Package 

• Synchronous Operation with Latched Output Data 

• Symmetrical Read/Write Performance 

• Single 5-Volt Supply 

• Fully TTL Compatible 
• Choice of Three State (5400) or Open Collector 

(5401) Output 

• Efficient High Performance Operation: 

75 ns Read Cycle 

75 ns Write Cycle 

500 mW Power Dissipation 
(Typicals at 25° C) 

description 

JULY 1976 

18-PIN CERAMIC AND PLASTIC 
DUAL-IN-LINE PACKAGES 

(TOPVIEWI 

AD 18 Vee 

Al 2 17 All 

A2 16 A1D 

A3 4 15 A9 

A4 5 14 A8 

AS 6 13 A7 

00 12 A6 

R,W 8 11 01 

GNO 9 10 -5-

The '5400 and '5401 are monolithic, active-element, random-access memories with non-destructive data readout 
organized as 4096 words of 1 bit each. These RAMs integrate an 12 l static storage matrix with an edge-triggered 
Schottky·clamped forward transistor periphery to produce efficient, high performance operation. 

Primary memory control is simplified to two pins; the R/W input which selects either the read or write mode of 
operation and the 5 input which serves the combined function of enabling or disabling the memory as well as 
triggering either the read or write cycle. Memory operation is therefore synchronous as a negative transition (~) at 5 
initiates execution of either the read or write cycle dependent on the state of the R/iN input. 

The '5400 and '5401 utilize separate pins for DI (date input) and DO (data output) with the DO buffer having a 
significantly faster disable than enable time. These features facilitate memory designs using either a separate or common 
1/0 bus structure. 

The '5400, with a 3·state output, and the '5401, with an open·collector output, are offered in both commercial 0 to I 
70°C (745) and military -55 to 125°C (545) temperature range versions. 

functional block diagram 

AO AS 
ADDRESS 6 

INPUTS 

A6-All 
ADDRESS 

INPUTS 

S R/W 01 
CHIP AEADIWRITE DATA 

ENABLE SELECT INPUT 

DESIGN GOALS 
lbil document contains the delig" 
apecificationl for a product under 
dwttopnwnt. Texa Instruments reserves 
... right to chango th ... specifications 
in MY min ..... without notice. 
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DO 
DATA OUTPUT 

Int .... tId SeIIollky-........ d;a. 
c.......... t .. nailtor il i'll_tid by T._ 1___ U. S. "--t 
Nu ........ a._a.17&. 
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SN54S400,SN74S400,SN54S401,SN74S401 
4096·BIT STATIC RANDOM·ACCESS MEMORIES 

FUNCTION TABLE 

FUNCTION S INPUT R/WINPUT 

Read ~ H 

Hold L H 

Inhibit tor H H 

Write ~ L 

Inhibit LortorH L 

H =hlgh level, L =Iow level, t=low-tO-high transition, ~ =hJgh-to-low transition 

read cycle 

OUTPUT 

Active - Addressed Data 

Active - Last Data 

Hi-Z IDFF) 

Hi-Z IDFF) 

Hi-Z IOFF) 

The read function is selected by applying a high logic level to the RiW input_ If data is to be read from a newly 
addressed location, the RiW and AO-A 11 inputs must be setup (tsul prior to negative transition (~I at the S input and 
be held (lhl stable until completion of the read cycle_ A negative transition at S strobes the periphery circuitry 
causing the addressed location to be sensed, latched and the output to become active presenting true data_ Following a 
ooead cycle the output will remain active presenting true data until either the 5 input is taken high or the RiW input is 
taken low_ 

write cycle 

- -The write function is selected by applying a low logic level to the R/W input. The 01, R/W and AO-A 11 inputs must be 
setup (tsul prior to a negative transition at S and be held (thl stable until completion of the write cycle. A negative 
transition at 5 will strobe the periphery circuitry causing 01 to be stored in the addressed location and loaded into the 
output latch. Any time the RtW input is low, the device output will be at a high-impedance (off). This feature permits 
common I/O connection for bi-directional data bus designs. 

ORDERING INFORMATION 

PART NUMBER AMBIENT TEMPERATURE RANGE 

SN74S400N Commerciel - 0 to 7rfC 

SN74S400J Commercial - 0 to 7rfC 

SN54S400J Military - -55 to 1250 C 

SN74S401N Commercial - 0 to 7rf C 

SN74S401J Commercial - 0 to 7rfC 
SN54S401J Military - -55 to 125°C 

TEXAS INSTRUMENTS 
.""'( nH:.·OHAI£D 

~O.T OFFICE IIOK 5012 • DALLAS. TEXAS 75222 

OUTPUT PACKAGE 118 PIN) 

3-State Plastic DIP 

3-State Ceramic DIP 

3-State Ceramic DIP 

Open-Collector Plastic DIP 

Open-Collector Ceramic DIP 
Open-Collector Ceramic DIP 

"''''INIIO IN U ') It. 

JI cOMoi anum. on, ",po",.bd.l., 'or on, (IHuit, thow. 
01 '.p,,\tnl !hol Ihl', ,r, fru "om palrnl Infll"It"""' 

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGEI AT , 
IN OROER TO IMPROVE OEIIGN AND TO SUPPl T THE aEll PRODUCT 



SCHOrrKYf 
mMEMORY 

TYPE SN74S225 
1615 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

SEPTEMBER 1178 

SN74S221i ••• J OR NPACKAGE 

ITOPVIEWI 
• Independent Synchronous Inputs and Outputs 

.• Orpnizad as 16·Words of 5 Bits CKA 20 VCC 

• DC to 10 MHz Data Rata 
. • 3-State Data Outputs 
l~ • »Pin, 300-mil, High Density Package 
~. 

rR 2 

CKOUT 3 

11 CKI 

18 cur 
DI1 4 17 OR 

~' 
DI2 II 18 CKIN 

~ ~ .. Dr3 8 111 DO 1 

t' 
"'iption 

Dr4 

DIS 

7' 

8 

14 D02 

13 D03 

t< 

I 

This ~bit active·element memory is a monolithic, 
Schottky-clamped transistor·transistor logic (STTLI array 
orpnized as 16 words of five·bits each. The 'S225 can 
.. ily be expanded to 16N·words of 5N·bits in length and 
features a single enable control for all 3'state data outputs. 

Oe 

GND 

I 12 D04 

10 11 DOl 

Pin Inign,..".1 Ir .... for ,n PICk .... 

,.....on 

':.i 
:j , 
l 

... 

A FIFO is a memory storage device which allows data to be written into and/or read from its array at independent data 
ra1n The 'S225 is a FIFO which will process data at any dasired clock rata from DC to 10 MHz. The data is processed 
In a parallel format, word by word. 

Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the 
.,.., on the low-to-high transition of either load clock input. Data may be read out of the array on the low·to·high 
transition of the unload clock input (normally hictll. When writing data into the FIFO one of the load clock inputs 
must be held high while the other strobe in the data. This arrangement allows either load clock to function as an 
Inhibit for the other. 

Stltus of the 'S225 is provided by threa outputs. Input ready monitors the status of the last word location and signifias 
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock 
output also monitors the last word location. This output generates a low·logic·llvel pulse (synchronized to the internal 
dock pulse) when the locetion is vacant. The third status output, output ready, is hilt! when the first word location 
contains valid data and unload clock input is high. When unload clock input is low, output ready will be low. The first 
word location is definad as the location from which date is provided to the outputs. 

The data outputs are noninvlrtad with raspect to the Clata inputs and are threa·state with a common control input, 
output enable. When output enable is low, the data outputs are enablad to function as totem·pole outputs. A 
hlgh-Iogic·level forcas each data output to a high·impedance state while all other inputs and outputs remain active. 

The clear input invalidates an data stored in the memory array by clearing the control logic and setting output ready to 
a Iow-Iogic·level on the high·to·low transition of a low-active pulse. The data outputs do not cI1ange as a rasult of the 
clear input; however, the output ready at a low-Ioglc·level signlflas invalid data . 

TENTATIVE DATA SHEET 
.. -"lMIIt provi_ tentetiva infarmetion 
I a _ product. T .... lnatnimants .-v. 
I ...... to chanea specification. for this 
~ In .., mann .. without notlea. 
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tlntaaratad IIhotIky.BarrIar d-" 
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TYPE SN74S225 
18 x 5 ASYNCHRONOUS FIRST·IN/FIRST·OUT MEMORY 

FUNCTION TABLES 

Tlbl, 1 - Input Functions 

Input Pin Dncription Output 

CKA 1 Load Clock A IR 

011· 015 4·8 Data Inputs CKOUT 

9E 9 Output Enable 005·001 
CKIN 16 Unload Clock Input OR 
~ 18 Clear 
CK B 19 Load Clock B 
GND 10 Ground Din 
Vce 20 :)upp y V 0 tage 

sohematics of inputs and outputs 

EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 

VCC 

INPUT 

functional block diagram 

DII 

Vee • PIN (201 

EQUIVALENT OF DATA INPUTS 

Yo< -I_-_-
INPUT 4 

QUEUE CONTROL LOGIC 

'I-WORD-BY-I-BIT 

QUEUE MEMORY ARRAY 

aND· PIN (101 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE .0)( 5012 • DALLAS. TEXAS 75222 

Table 2 - Output Functions 

Pin Description 

2 Input Ready 
3 Unload Clock Output 

11·15 Data Outputs 
17 OutDut Ready 

TYPICAL OF ALL OUTPUTI 

---- Vee 

OUTPUT 

1--.-.:::(2::..1 __ IR 

1-...!1l!!7.:..1 _ OR 

<1-_..:.(1::1::.1 _ CK IN 



TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

- _olute maximum ratings over operating free-air temperature range (unles. otherwise noted) 

Supply Voltage, Vee (see Note 1) 
Input Voltage 
Off-State Output Voltage 
Opereting Free-Air Temperature Range 
Storage Temperature Range 

NOTE 1: All voltegl vllu ••• r. with r"plct to network ground termlnel. 

lWCommanded operating conditions 

SUpply Voltage, Vee 
All Outputl Except Olt. 

High-level output current, IOH 
Olta Outputl 

All OutpUti Except O.t. 
.Low-Ievel output curr.nt, IOL 

Olta OutpUti 
Load Clock A or B, tw (hlghl 

PulllWldth UnlOid Clock Input, tw (lowl 

CI.r, tw (lowl 

O.ta to Load Clock, teu (0111 S. Nota 2 
lItupTlml 

CIAr R,I •• to LOid Clock, t.u 

Hold TIme. Data from Load Clock, th(Olil 

Operating fr .... lr t.mp.r.ture, T A 

NOTE 3: Olte mutt be lItup within 15 n. If",r thl 10ld clock pOliti". trlnlltlon. 

t • Thl ""OW Indlcl"'. thlt thllo_to-hlgh t,.noltlon of thl 10ld clock I. ulld for ref.lncl. 

MIN 

4.75 

25 

7 
40 

-lilt 
2Dt 

70t 

0 

7V 
5.5V 
5.5V 

oOe to 700e 
_65°e to 150°C 

NOM MAX UNIT 

5 6.25 V 

-3.2 
mA 

-8.5 

a 
18 

mA 

n. 

n. 

n. 

70 ·C 

*trical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONOITIONst MIN 

VIH High-level input voltage 2 

VIL Low·leval input voltage 

VIK I nput clamp voltaga VCC·MIN, 11--18mA 

VOH High-laval output voltlge 
VCC· MIN, VIH-2V, 

2.4 
VIL -0.8V, IOH- MAX 

VOL Low·leval output voltage 
VCC-MIN, VIH-2V, 
VIL -0.8V, IOL- MAX 

IOZH 
Off-.tlta output current, high-Ieval VCC-MAX, VIH - 2V, 
voltage appliad VIL -0.8V, VO- 2.4V 

IOZL 
Off-ltate output currant, low-Iavel VCC- MAX, VIH-2V, 
voltage applied VIL -0.8V, Vo - 0.5 V 

II Input current at maximum input voltage VCC-MAX, VI- 6.5 V 

Oltaln . 
IIH High-level input current 

All Inputl Except Data In 
VCC - MAX, VI· 2.7 V 

Oltaln 
IlL Low-Ieval input current 

All Input. Except Oetl In 
VCC-MAX, VI-O.I5V 

los Short-circuit output current§ Vcc-MAX -30 

ICC Supply Current VCC· MAX, S .. Not. 3 

tFor condItion •• hown "' MIN or MAX Uti thl IPproprll'" VIIUIIPIClflld undlr recommlndld oporltlng condition •. 
*AII typicil VIIUII erl It Vee - 6 V, TA • 21S·e. 
IOuretlon of the .t1ort circuit Ihould not exeHd ani .. cond. 
NOTE 3: ICC I. meelU,.d with III Inputlgroundld Ind thl outPut open. 

TEXAS INSTRUMENTS 
INCORPORATED 

"OIT apPle •• ox IOU • DALLAl. T.X .. I 71111 

TYP* MAX UNIT 

V 

0.8 V 

·1.2 V 

2.9 V 

0.36 0.50 V 

50 ,.A 

-50 ,.A 

1 mA 

40 

25 
,.A 

-1 mA 

-250 ,.A 

-100 mA 

ao 120 mA 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETERS, FROM 

fmax CKA 

fmax CK B 
fmlx CKIN 

tw CKOUT 

tpLZ Of 
tpHZ 

tpLH 
CKIN 

tPHL 
CK A 

tpLH or 

CK B 

tPLH 
CKIN 

tPHL 

tPHL CLR 

CKA 

tPHL or 

CK B 

tPHL CKIN 

CKA 
tPH L or 

CK B 

tPLH CKIN 

tPLH CLR 
tPHL 

tpLH ORt 

tpHL OR~ 

, 1ml• - mlxlmum clock frequency. 
tv." pul .. width (output) 

TO 

DOi 

DOi 

OR 

OR 

OR 

CK OUT 

CK OUT 

IR 

IR 

IR 

DOi 

TEST 

CONDITIONS 
MIN TVP; MAX 

CL - 30 pF. 10 20 

RL-300n. 10 20 

S •• Not. 4 10 20 

7 14 
CL - 5 pF. 40 

'RL 1 - 300 n. S •• Note 4 40 

50 75 

50 ~ 

215 325 

40 80 
30 45 

40 60 

CL-30pF. 
35 50 

RL-300n. 

S •• Not. 4 
300 450 

42 65 

290 450 

20 35 

5 16 

6 16 

U" Tho o •• ow Indlcoto. thot tholow-to-hlgh (t) or hlgh·to-Iow U) t.on.ltlon of tho output .udy (OR) output I. u .. d for roto •• nc •• 

tpLH ii: proPlption deilY tim •• low-to-hlgh IWII output. 
tPH L .. prop .... tlon delay tim., hlgh-to-Iow·levll output. 

* All typlcol volu" 0 .. ot Vee - 5 V. TA - 25°e. 

NOTE 4: LOld cIrcuit and voltage waveform, .r. shown In Appendix A. 
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UNIT 

--.MI::I.L 
J.1HI. 
MHI 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 

III 



b 

TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 

TYPICAL WAVEFORMS 

CLEAR 1-.J' 
ClOCKA~ ~~------------~ 

~~--------------~ IWUTS CLOCK a ~ 

DATA IN __ -.:W::;D:::RD::..:':.JIII __ WORD Z" ~~~g.: .WORD I. RlnRln81 111111._1 .BI f IIIIIIUIIII 
UNLOAD __ r---------"'" 
CLOCK LJ LJ 

CLOCK IN 

INPUT 
READY OUTPUT 

NC 

li-BIT { OATA 
IN 

CLEAR 

NC 

li-BIT { DATA 
IN 

I II 
CLEAR LOAD 

WORD 1 

~L ______ ----l 

~.-----~U ~ Lr 
LJ LJ 

f-l ..::W~O~RD::..:...' __ ----II WORD 2 I WORD l 

II 
LOAD LOAD LOAD 

WOAD 2 WORDS 3 15 WOAD 16 

I I 
UNLOAD 
WORD 1 

I I 
UNLOAD 
WOAD 2 

~L.. ____ _ 

f WORD 16 

I I 
UNLOAD 
WORDS 

I I 
UNLOAD 
WOAD " 

_ CROSS·HATCHING INDICATES IRRELEVANT INPUT CONDITIONS 
30S 

EXPANDING THE S225 FIFO 

( 48 WORDS OF 10 BITS SHOWN) 

1 ~ ~~D OR I>~D 
-L-.,..I CK DUT CK 

UNLD UNLD UNLD 
CKOUT CKIN CKOUT 

r---- tROUT NC- IROUT 

011 DOl Dll 

01. DO. 01. 

013 D03 013 

014 D04 014 

01& DO& 015 
ctJI en: ctJI 

I 

~ 
-= 

CLR DE CLR 

~ tr I>,LD DR K I>~D 
'--- CK OUT CK 

'--

UNLD UNLD UNLD 
KOUT CKIN CKOUT 

L--- IROUT NC- IROUT 

011 DOl Dll 

01' D02 DI' 

DI3 D03 DI3 

014 D04 DI4 

01& D05 01& 

TEXAS INSTRUMENTS 
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DR 
OUT 

UNLD 
CKIN 

DOl 

DO. 

D03 

D04 

en: 

, 

DE 

OR 
OUT 

UNLD 
CKIN 

DOl 

DO. 

D03 

D04 

DO& 

~ 
NC-

-= 

K 
NC-

I>~D CK 

UNLD 
CKDUT 
IROUT 

Dll 

01. 

013 

014 

DI5 
etII 

CLR 

I>,LD 
CK 

UNLD 
CKOUT 

IROUT 

011 

DI' 

DI3 

DI4 

01& 

DR 
OUT 

UNLD 
CKIN 

DOl 

DO. 

D03 

D04 

DO& 
m: 

OE 

OR 
OUT 

'::~~~< 

DOl 

DO. 

D03 

D04 

DO& 

w--OUTPUT 
READY 

I-- .. --

t-- - ._-

t-- --

t--

I---

UNLOAD 
CLOCK 

OUTPUT 
ENABLE 

1 o.BIT 
DATA 
OUT 

PRINTED IN U.S A 

TI canno' anume on, responsibility f.r an, circuits shown 
or rep""ni thai the, .re ,," from potent infringemenl. 43 

TEXAS INSTRIlMENTS IESEIVES THE RIGHT TO MAKE OIANGES AT ANY TIME 
IN OROEI TO IMPROVE DESIGN AND TO SUPPlY THE BEST PlODUCT POSSIBLE. 
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APPENDIX A 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

LOAD CIRCUIT 

i 
i 

ACCESS TIME FROM ADDRESS INPUTS 

VOLTAGE WAVEFORMS 

~""I.O .... l1li • .., 

ADDRESS llV I I 'IV ~--+-------"' __ "-"I IV 
INPUTS __ J . "":' __ 011 

1 .... '~ ... ,~ 
~N~~ ~G;i-"~IV 

-------r---'~'.c..:--OV 
~ ~""I:rl .~. .~ flitS. IV 

CHII"ENA'LE~1.5\1: : ~ 
INI'UTS ~-':':'--OV 

~~"'u ... u~JV RlADfWl'IlTE ~ _______ _ 

INPUT :'Ift.Z '-=--;;-___ 011 

"AVE'OIllM' I'''' ~--"'4.1V 
I~=.~"", :U~tV 1 U~ 

I. I VOl 

---...:-~~~\:. -.. ~ 
:.!.~::C~. 0.1" , .. £::" 

WRITE CYCLE VOLTAGE WAVEFORMS 
CHIP

ENA'U~" 
INPUTS 1,' II U II 
,a.N_CI I ... ,-------0\1 

WAVEFORM 1 
,Slc1a1M11,SZ"*,, 
_H .. I, 

~ ... iJ I -1-- .U 
, '~' ..... V 

~.IV : : _1.0.111 
: _ I -,---1101-
jll-IaIS.~ I j 

WAVEFOIIM2 J.I." I ,,",--i~'::'VOM 

'S.!.-=~:d"" ____ ../!,,"I.&V 1PHZ.w ~V ... V 

•• z-""', .. '"-z 
ACCESS «ENABLEI TIME AND DISABLE TIME FROM CHIP ENABLE 

VOLTAGE WAVEFORMS 

NOTES: A. When mea.uring acean tim •• from addr ... inpu'tIi. the enable/ •• lact input (I) i, <ara) low and the read/write Input I. hi.,.. 
B. Waveform shown il for the output with Internel condition, IUch thet the output I. low except when dl.ebled. 
C. When m .. ,ureing acc .. end dl,eble tim., from enable/ .. leet Input (, •• the eddr ... Inputs are steady-'tate and the .... d/wrlte 

Input I. high. 

D. Input waveform, are IUpplled by pul .. generators having the following characterl.tlc, 

and Zout == 50 n. 

TESTING RAM". WITH 3·STATE OUTPUTS 

F=~T~T_-+ __ "\ 

"l2'lOQu 

LOAD CIRCUIT 

AbOIll'. ~------ 3V 
INPUTS 1.5V l.av 
IS-No. AI ---' I I ~------av 

i.-'el"I---it .... '-1.11 .. ',.s V y.;:;- VON 

- ---VOL 

ACCESS TIME FROM ADDRESS INPUTS 

VOLTAGE WAVEFORMS 

WRITE CYCLE VOLTAGE WAVEFORMS 

ACCESS «ENABLEI TIME AND DISABLE TIME FROM CHIP ENABLE 

VOLTAGE WAVEFORMS 

NOTES: A. When mae,uring accen tim., from addr .. , inputs, the enable/ •• lect Input (s) is (ar.) low and the read/write input I, high. 
B. Waveform ,hown il for the output with internal conditions IUch that 111. output II low except when dilabled. 

C. When m .. lureing ace ... and dl,.bl. tlm.1 from .n.bl./ .... ct Input (I). the .ddr ... inputs ar. IteadY-'Ulte end the rod/write 

Input I. high. 

D. Input wav.form, are IUPplled by pulse _n •• torl having the following characterl,tici 

TESTING RAM". WITH OPEN-COLLECTOR OUTPUTS 

PRINTED IN USA 

TI (annal anumf an, IflPCII'Illbilil, 'Of an, (ircuill Ihown 
Of leplf\fnt thai the, orr fret hom polfnl infringemenl. TEXAS)NSTRUMENTS 

INCORPORATED 
TEIAS INSTRUMENTS RESERVES IHE RIGHI TO MAKE (HANGES AI ANT TIME 
IN ORDII 10 IMPROVE DESIGN AND Tb surm THE BIST PRODUCT POSSIBlE. 
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SN54S226, SN74S228 
4·BIT PARALLEL LATCHED BUS TRANSCEIVERS 

• Univenal Transceivers for Implementing 
System Bus Controllen 

• Dual-Rank 4-Bit Transparent Latches 
Provide 

- Exchange Data Between 2 Buses In One 
Clock Pulse 

- Bus-to-Bus Isolation 
- Rapid Data Transfer 
- Full Storage Capability 

• Hysteresis at Data Inputs Enhances Noise 
Rejection 

• Separate Output Control Inputs Provide 
Independent Enable/Disable for Either 
Bus Output 

• 3-Stata Outputs Drive Bus Lines Directly 

description 

SN54S226 .................... J PACKAGE 
SN74S226 .................... J OR N PACKAGE 

(TOPVIEWI 

BUS B INPUTs/OUTPUTS 
STB SEL, 

VCC 2G S2 2QA 20B 2QC 20D ' 2QC 

2 

1G S1 10A 10B 10C 10D 10C GND 
STB SEL \ ' 

BUS A INPUTS/OUTPUTS 

SEE FUNCTION TABLES 

These high·performance Schottky TTL quadruple bus 
transceivers employ dual·rank bidirectional 4·bit trans· 
parent latches and feature 3'state outputs designed 
specifically for driving highlY'capacitive or relatively 
low·impedance loads. The bus·management functions 
implemented and the high·impedance controls offered 
provide the designer with a controller/transceiver that 
interfaces and drives system bus·organized lines 
directly. They are particularly attractive for 
implementing: 

functional block diagram 

Bidirectional bus transceivers 
Data·bus controllers 

The bus·management functions, under control of the 
function·select (51, 52) inputs, provide complete data 
integrity for each of the four modes described in the 
function table. Directional transparency provides for 
routing data from-or-to either bus, and the dual store 
and dual readout capabilities can be used to perform 
the exchange of data between the two bus lines in the 
equivalent of a single clock pulse. Entry of data is 
accomplished by selecting the latch function, setting 
up the data, and taking the appropriate strobe input 
low. As long as the strobe is held low, the operation 
remains stable for the selected function. Further 
control is offered through the availability of inde
pendent output controls which can be used to enable 

DESIGN GOAL 

DUAL·RANK 
LATCHES 

oUAL·RANK 
LATCHES 

121 I1J 
20C SZ 51 10C 

'--y---' 
OUTPUT 5TR08£ SELECT STROBE OUTPUT 

CONTROL ZG 1G CONTROL 

Vee. PIN 1181. GND· PIN 181 

INPUTII 
OUTPUTS 

This document provides tentative information TEXAS INSTRUM ENTS 
on. product in the developmental stage. Texas INCORPORATED 

tlntegratod Schottky·Barrier diod. 
clamped transistor is patented by 
Texas Instruments. U. S. Patent 
Number 3,463,975. 

IlIItruments ,eserves the right to chan.. or POST OFFICE BOX !S012 • DALLAS. TEXAS 75222 

dllContinue this product without notice. 
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SN54S226, SN74S226 
4·BIT PARALLEL LATCHED BUS TRANSCEIVERS 

BUS-MANAGEMENT FUNCTION TABLE OUTPUT-CONTROL FUNCTION TABLE 

OPERATION S2 S1 LATCH FUNCTIONS 20C 10C OUTPUT FUNCTION 

DRIVE BUS2 L L PISI BUI , Data to BUI 2 L X Ollable Bus' Outpull (Hi-Z) 

DRIVE BUS' H L Pall BUI 2 Olta to BUI , H X Enable Bus' Outpull 

EXCHANGE H H Store BUI , and BUI 2 Oltl X L Oiuble BUI 2 Outpull (HI-Z) 

BUS' & 2 L H Readout Stored Date X H Enable Bus 2 Outpull 

or disable the outputs as shown in the output-control function table, regardless of the latch function in process_ Store 
operations can be performed with the outputs disabled to a high-impedance (Hi-Z)_ In the Hi-Z state the inputs/outputs 
neither load nor drive the bus lines significantly_ The pnp inputs feature typically 400 millivolts of hysteresis to enhanca 
noise rejection. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
I nput vol tage 
Off-state output voltage 
Operating free-air temperature range; SN54S226 

SN74S226 
Storage temperature range 

NOTE 1: Voltage value •• r. with r •• pect to network ground termlnll. 

TEXAS INSTRUMENTS 
INCORPORATED 

poeT O~~ICI .OX SOU • DALLA •• TIX •• 71aaa 

7V 
_ 5.5V 
.5.5V 

-5SoC to 12SoC' 
OoC to 70°C 

-65°C to 150°C 



SN54S226, SN74S226 
4·BIT PARALLEL LATCHED BUS TRANSCEIVERS 

NCommandad operating conditions 

SN64S228 SN74S228 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.5 5 5.5 4.75 5 5.25 V 

High-level output voltaga, VOH 5.5 5.5 V' 

High-level output current, 10H -8.5 -10.3 mA 

Data 5~ 3~ 
Date IItup tim., tau 

Select IH 
na 

3~ 

Dete hold time, th 
Date 5~ 3~ 

na 
Select 5~ 3~ 

Operating fre.-8ir temperature, T A -55 126 0 70 'c 

t .. The .rrow Indlclt •• the transition of the enable input used for referenca: t for the low-to-high trlnsltlon, '" for the hlgh-ta-Iow tran"tlon. 

electrical characteristics over recommended operating frea-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

VIH High-level input voltage 2 

Vil low-level input voltage 

VIK Input clamp voltage VCC s MIN, II- -18 mA 

VOH 
I SN54S228 VCC· MIN, VIH· 2 V, I SN64S226 2.4 

High-level output voltage 
I 10H = MAX I SN74S226 SN74S226 Vll·O.SV, 2.4 

VOL low-level output voltage 
VCC - MIN, VIH·2V, 

Vll· O.S V, IOl·20mA 

10ZH 
Off-Itate output current, VCC - MAX, VIH - 2 V, 
high·level voliage applied VO-2.4V 

10Zl 
Off-state output curr.nt, Vcc· MAX, VIH-2V, 

10 .... lev.1 voltege epplied VO=0.5V 

II Input current at maximum input voltage VCC· MAX, VI - 5.5 V 

IIH High-I.vel input current VCC· MAX, VI-2.7V 

III Low~l.v.1 input current VCC· MAX, VI· 0.5V 

lOS Short·circuit output current§ VCC = MAX -50 

ICC Supply current 
VCC· MAX 
See Note 2 

tFor condltlons.hown.1 MIN or MAX, usa the appropriate value Ipeclfled under recommended operating conditions. 
*AII typlca' value •• r. at Vee 0: 5 V, TA = 2SoC. 

TVP; 

3.3 

2.9 

125 

INot mora than ana output should ba shorted at. time and duration of the ,hort-clrcult tNt should not exc.ed on. second. 
NOTE 2: ICC II me.lured with .11 Inputl (and outputl) grounded. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST O ...... 'CE .OX 5012 • DALLA., T.X •• '71222 

MAX UNIT 

V 

O.S V 

-1.2 V 

V 

0.5 V 

100 IlA 

-100 IlA 

I mA 

100 IlA 

-300 p.A 

-ISO mA 

mA 

3 



SN54S226, SN74S226 
4-BIT PARALLEL LATCHED BUS TRANSCEIVERS 

switching characteristics, Vee = 5 V, T A = 25°e 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 

tPLH 
Oete 

tPHL 

tPLH Select 
tPHL 

tpLH 
Strobe 

tPHL 

tZH Output 

tZL Control 

tHZ Output 

tLZ Control 

tPLH iii propagation derlY tim •• low-to.hlgh levll 

tPH L == propagation dillY tim •• hlgh-to-Iow 'avI' 
tZH == output enabla tim. to high leva' 

tZL .. output anlbla tim. to low levi' 
tHZ '" output dl .. blo tim. from high 1 ... 1 

tLZ == output dr .. bl. tim. from low 'lVI' 

applications 

AnyQ 

AnyQ 

AnyQ 

AnyQ 

AnyQ 

TEST CONDITIONS MIN TVP MAX UNIT 

14 
14 

n. 

12 
n. 

CL-SOpF. RL - 280n. 
12 
12 

12 
n. 

9 
9 

n. 

CL-6pF. RL - 280n. 
7 

n. 
7 

The following examples demonstrate four fundamental bus-management functions which can be performed with the 
'S226. Exchange of data on the two bus lines can be accomplishad with a single high-to-low transition atS2 when 51 is 
high. 

CONTROL 

'---r-' 
CONTROL 

BUI2_BUS' 

'---v---J 
CONTROL 

IUS1.IUS2 

{

S2 1- -- - - --- ::: 

.1 ___________________ ~I,- - - - - - - - - - - - - - - - - - - ::: 

TEXAS INSTRUMENTS 
INCORPORATED 

~T O,. ... ICIE .OX IOU • DAI-L.A., T.XAI 71". 

PRINTfD IN u.s ..... 
T' cannol anuml! on, IflPOIUibilil, tOf an, cirruih shIWn 
,r rep"ltni ,h., the, Oft frlt from polenl in"inttm.nf. 

TEXAS INSTRUMENTS RESERYES THE RIGHT TO MAKE CHANGES AT I 

IN OlDER TO IMPROYE DESIGN AND TO SUPPlY THE BEST PIOOIKT 
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TYPES SN54S240, SN54S241, SN74S240, SN74S241 
OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS 

WITH 3-STATE OUTPUTS 
BULLETIN NO. DL-5 76123~, DECEMBER 1976 

features: 

• High-Performance Schottky TTL 
Line Drivers and/or Receivers in a 
High-Density 20-Pin Package 

• 3-State Outputs Drive Bus Lines Directly 

• P-N-P Inputs Reduce D-C Loading on 
Bus Lines 

• Hysteresis at Inputs Improve Noise Margins 
• 'S241 Can Be Interconnected With No 

External Components to Perform as 
Bi-directional Bus Transceiver 

SN64S240 •• _ J PACKAGE 
SN74S240 ... J OR N PACKAGE 

(TOPVIEWI 

2Y4 lA2 2Vl lA3 2'1'2 lA,' :lVl GND 

typical characteristics: logic: 1Y· 1A when 1G is 1_ 
2Y • 2A when 2G is low 

• Fan-Out: SN74S' SN54S' 
IOL (Sink Current) 64 rnA 48 rnA 

When 1 G is high 1 Y outputs are at a high impodance 
When 2G is high 2Y outputs are at e high impodanca 

IOH (Source Current) -15 rnA -12 rnA 
• Typical Propagation Delay Times: 

Data-to-Output: 
'S240 (Inverting) ... 4.5 ns 
'S241 (Noninverting) ... 6 ns 

• Enable-to-Output ... 9 ns 

description 

SN54S241 ... J PACKAGE 
SN74S241 .•. J OR N PACKAGE 

(TOPVIEWI 

These buffers/line drivers are designed specifically to 
improve both the performance and po<: board density of 
3-state buffers/drivers employed as memory-address drivers, 
clock drivers, and bus-oriented transmitters/receivers. 
Featuring 400 millivolts of hysteresis at each low-current 
p-n-p data-line input, they provide improved noise rejection 
and high-fan-out outputs to restore Schottky TTL levels 
completely, or the SN74S' versions can be used to drive 
terminated lines down to 133 n. 

logic: 1Y-1Awhen1Gill_ 
_ 2Y • 2A when 2G il high 

When 1 G is high 1 Y outputl are at a high impedance 
When 2G is low 2Y outputs are at a high impedance 

Typically, the '5240 can replace the equivalent of six SN54S04, SN74S04 
inverters or four SN54S130, SN74S140 line drivers at their rated drive 
capabilities with the added benefits of input hysteresis and 3-state outputs. 
The '5241 offers the same complexity and drive capability but is designed for 
use in non-inverting applications. 

In bus-organized systems, the 'S241 can be connected with no external 
components to perform as a non-inverting input/output bus transceiver. With 
complementing enable inputs, the control function can be connected directly 
to both enable inputs while the two 4-line data paths can be connected (at 
adjacent pins) input-to-output on both sides to form the asynchronous 
transceiver Ibuffer. 

TENTATIVE DATA SHEET 

This document provides tentative information TEXAS INSTRUM ENTS 
on 8 new product. Texas Instruments reserves INCORPORATED 
the right to change specifications for this POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

product in any manner without notice. 

'S241 BUS TRANSCEIVER 

BUS 1 BUS 2 

I I 

~(11 

CONTROL ~ 
L ••• RECEIVE BUS 1 DRIVE BUS 2 
H •.• RECEIVE BUS 2 DRIVE BUS 1 

tlntagrated Schottky-Barrier diode
clamped transistor is patented by 
Texas Instruments. U. S. P.tent 
Number 3,463,975. 

5 
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TYPES SN54S240, SN54S241, SN74S240, SN74S241 
OCTAL BUFFERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS 

recommended operating conditions 

PARAMETER 
SN54S' SN74S' 

MIN NOM MAX MIN NOM MAX UNIT 

Supply voltage, Vee lsee Note 1) 4.5 5 5.5 4.75 5 5.25 V 
High.level output current, 10H -12 -15 mA 
Low·lavel output current, IOl 48 64 mA 
Operating free·air temperature, T A Isee Note 2) -55 125 0 70 e 

NOTES: 1. The.e volta"e valu •• ar. with r •• pect to network ground terminal. 

2. An SN54S241J operating at fr •••• lr temperatura above 116°C requires a heat sink that provides a thermal r.sistance from c ... to 

free-air, ROCA. of not more than 40o CIW. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
'5240 

MIN TVP; MAX MIN 
VIH High·level input voltage 2 2 
VIL Low·level input voltage 0.8 
VK I nput clamp voltage Vr.r.= MIN, I - -18mA -1.2 

Hysteresis IVT+ - VT-) Vee~ MIN 0.2 0.4 0.2 
Vee MIN, VIL ~ 0.8 V, 

2.4 3.4 2.4 
VOH High·level output voltage 

10H = -3 mA 
Vee = MIN, VIL - 0.5 V, 
10H = MAX 

2 2 

VOL Low·level output voltage Vee - MIN, 1m - MAX 0.55 

10ZH 
Off-state output current, 

Vee= MAX, VO=2.4V 50 high.level voltage applied 
Off·state output current, VIH = 2V, 

10ZL low·level voltage applied VIL = 0.8 V Vo =0.5 V -50 

II 
Input current at maximum 

Vee = MAX, VI = 5.5 V 1 
input voltage 

IIH High-level input currant, any input Vee = MAX, VIH = 2.7 V 50 

IlL Low·level input current 
Any A 

Vee = MAX, VIL· 0.5 V 
-400 

Any G -2 
lOS Short-<:ircuit output current. Vee= MAX -50 -225 -50 

Total, SN54S' 80 123 
outputs high SN74S' 80 135 

ICC Supply current 
Total, Vee· MAX, SN54S' 100 145 
outputs low Outputs open SN74S' 100 150 
Outputs at SN54S' 100 145 
Hi·Z SN74S' 100 150 

tFor conditions shown as MIN or MAX, u •• the appropriate value specified under recommended operating conditions. 

*AII typical value. ar. at Vee = 5 V, TA ~ 25°e. 
~ Not more then Dna output should ba shorted at 8 time, end duration of the short·circult should not exceed one acond. 

switching characteristics, Vee = 5 V, T A = 25°e 

PARAMETER TEST CONDITIONS 
'5240 

MIN TVP MAX MIN 

tpLH 
Propegation delay time, 

4.5 7 
low.to-high·level output 

tPHL 
Propagation delay time, eL -50pF, RL -90n, 

4.5 7 
high·to·low-Ievel output See Note 3 

tZL Output enable time to low level 10 15 
tZH Output enable time to high level 6.5 10 
tLZ Output diseble time from low level eL· 5 pF, RL -90n 10 15 
tHZ Output di •• ble tima from high level 6 9 

TEXAS INSTRUMENTS 
INCORPORATED 

POST O""'CE .OX 5012 • DALLAS, TEXAS 7!JJ1Z 

'5241 
UNIT TVP; MAX 

V 
0.8 V 

-1.2 V 
0.4 V 

3.4 
V 

0.55 V 

50 
p.A 

-60 

1 mA 

50 p.A 
-400 p.A 

-2 mA 
-225 mA 

95 147 
95 160 

120 170 
mA 

120 180 
120 170 
120 180 

'5241 
UNIT 

TVP MAX 

6 9 n. 

6 9 nl 

10 15 nl 
8 12 n. 

10 15 nl 
6 9 n. 



TYPES SN54S240. SN54S241. SN74S240. SN74S241 
OCTAL BUffERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS 

DRIVER I LONG LINE "I RECEIVER 
1/8 '5241 REPEATER REPEATER REPEATER 1/8 '5241 

~~~41_=_~~~41 .: •. ~~41 _:. ~ 
~~~~~ 

+ • • • 
~::~=--~-~ ~-Q--=---:--:M~-Q-=---=-~-:-Q-=- --=-;:::.,.= :-:-Q--=--~~= =--Q--=--
1.2V·W __ Vv---j~~t-'W--""j~~t""'-- "':J~~t-J- -'--j~~t:\J'--'-J~~t: 
0.3 V - INPUT -. OUTPuT - INPUT' Olfj'puT - INPUT-OUTPuT - iNPUT - - OUTPuT - jjijpUT - OUTPUT' 

OUTPUT { 
CONTROL 

'S241', USED AS REPEATER/LEVEL RESTORER 

~----------------~v~------~----------J 
SYSTEM ANDIOR MEMORY·ADDRESS BUS 

'8240 USED AS SYSTEM AND/OR MEMORY BUS DRIVER-4·BIT ORGANIZATION CAN BE APPLIED TO HANDLE BINARY OR BCD 

-OUTPUT 
PORTS 

FROM 
DATA 
BUS 

TO 
DATA 
BUS 

1/4 '5241 PARTY·LINE 1/4 '5241 
DRIVER MUL TlPLE·INPUT/OUTPUT BUS DRIVER r----' ,----, 

INPUT A I '.L1" INPUT B 

I I 
TO OTHER 
BUFFERS ~, --.>--..J 

OUTP.:.UT",-+ __ -< 
A I 

I 
I 

BUS 
CONTROL 

H H 
H L 
L L 
L H 
H L 

~ 
RECEIVERS 

INPUT OUTPUT ---r- -A-
B B 
A B 
A A 

NONE NONE 

I 
I 

BUS 
CONTROL 

L L 
H L 
H H 
L H 
L H 

PARTY·LINE BUS SYSTEM 

WITH MULTIPLE INPUTS, OUTPUTS, AND RECEIVERS 

INDEPENDENT 4-BIT BUS DRIVERS/RECEIVERS 

IN A SINGLE PACKAGE 

TEXAS INSTRUMENTS 
INCOHPORATED 

P.,NIED IN USA 

TI cannot au ",me ony rnpon, •• ilil, f,f on, ciuuih shown 7 
Of ,.,"""1 rho, .h., ort frft hom po"n' ,""in"m,"'. 

I 

~O.T O ..... ICI .ox SOU • DALLA •. TIXA. 71111 IIlAS INSTRUMENTS RESERVES TME RIGMT TO MAKE (MANGES AT AN' Till( 
IN OROU TO IMProVE DESIGN AND TO SUPPl' TME lEST PROOUn POSSlllI. 



SCHOrrKYf 
IT! 

• Multiplexed Inputs/Outputs Provide 
Improved Bit Density 

• Four Modes of Operation: 
Hold (Store) Shift Left 
Shift Right Load Data 

TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

DECEMBER 1976 

SN54SZ99 ••. J PACKAGE 
SN74S299 ••. J OR N PACKAGE 

(TOPVIEWI 

SHIFT SHIFT 
LEFT RIGHT 

Vee 51 SL OH' HIOH FlO, D/QO B/ClB CLOCR. SA 

• Operates with Outputs Enabled or at High Z 

• 3-State Outputs Drive Bus Lines Directly 

• Can be cascaded for N-Bit Word Lengths 

• Applications: 
Stacked or Push-Down Registen, 
Buffer Storage, and 
Accumulator Registen 

so •• 

so E/OE C/Oe A,O... QA' CLEAR GND 

delcription 

OUTPUT 
CO~TAOLS 

logic: 'Ie description and function tebll 

These Schottky TTL eight· bit universal registers feature multiplexed inputs/outputs to achieve full eight bit data 
handling in a single 20-pin package. Two function-select inputs and two output-control inputs can be used to choose 
the modes of operation listed in the function table. 

Synchronous parallel loading is accomplished by taking both function-select lines, SO and Sl, high. This places the 
three-stata outputs in a high-impedance state, which permits data that is applied on the input/output lines to be clocked 
into the register. Reading out of the register can be accomplished while the outputs are enabled in any mode. A direct 
overriding input is provided to clear the register whether the outputs are enabled or off. 

FUNCTION TABLE 

INPUTS INPUTS/OUTPUTS OUTPUTS 

MODE 
CLEAR 

FUNCTION 

SELECT 

OUTPUT 

CONTROL CLOCK 
SERIAL 

AlQA BlQB C/Oc D/QD E/QE F/QF G/QG H/QH QA' QH' 
S1 SO G1 t Gzt SL SR 

L X L L L X X X L L L L L L L L L L 
CI.r 

X L L H L L X X L L L L L L L L L L 

H L L L L X X X GAO Geo Geo GOO GEO OFO GGO GHO GAO GHO 
Hold 

H X X L L L X X GAO Geo Geo 000 GEO GFO GGO GHO GAO GHO 
H L H L L t X H H OAn Gen Gen GOn GEn GFn GGn H GGn 

Shift Right 
H L H L L t X L L GAil Gen Oen GOn OEn OFn OGn L °Gn 
H H L L L t H X Gen Oen OOn °En GFn GGn GHn H Gen H 

Shift Left 
H H L L L t L X Gen °en °On GEn °Fn GGn OHn L Gen L 

Loed H H H X X t X X a b c d e f 9 h a h 

tWhln ona or both output controls are high tha eight inputloutput terminal. ara disabled to tha high-impedanca steta; howevar. sequential 

QIMrItion or clearing of tha register is not affected . 

•• • • h • leve' of the steady-state input at inputs A through H, respectively. The •• data are loaded into the flipflop. while the flip-flop outputs 
.re Iioleted from the Input/output termlna'i. 

tl........ MottIey-a.r'" clode
.IIIIIIII tnI .. 1Itor II l1li""'" by Tea. 1___ U. S. Pahnt 

NumIIIr 1,.171. 

TEXAS INSTRUMENTS 
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POST Of"FICE BOX 5012 • DALL" •• TEXAS 71222 

9 



TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

functional block diagram 
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TYPES SN54S299, SN74S299 
8-BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

schematics of inputs and outputs 

EQUIVALENT OF CLOCK OR 
CLEAR INPUTS 

VCCc--
Roq 

INPUT __ 

Clock: Req - 2.8 kn NOM 
CI •• r: Roq - 3.6 kn NOM 

EQUIVALENT OF «h 
AND G2 INPUTS 

EQUIVALENT OF A THRU Ht, SO, 51, 
SHIFT RIGHT, AND SHIFT LEFT INPUTS 

VCC2j--3.6 kn 
NOM 

INPUT --

'When 3·ltlt. outputs Ir. dlubled. 

TYPICAL OF OUTPUTS 

QA THRUOH 

TYPICAL OF OUTPUTS 

QA'THRUOH' 

---~-VCC -----VCC 
OUTPUT OUTPUT 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
Supply voltage, Vee (see Note 1) 7V 

.5.5V 

.5.5 V 
_55°C to 125°e 

o·eto 700 e 
_65°e to 150·e 

Input Voltage 
Offostate output voltage 
Operating free-air temperature range: SN54S299 (see Note 2) 

SN74S299 
Storage temperature 

NOTES 1: Voltag. value. ara with ra.poet to network ground terminal. 

recommended operating conditions 
SNII4S2911 

MIN NOM MAX 
Supply voltage, VCC 4.5 6 5.5 

QA thru QH -2 
HIgh-level output currant, IOH 

QA'orQH' -0.6 

QA thru QH 20 
Low-level output currant, IOL 

QA'orQH' 6 
Clock frequency, fclock 0 50 

Clock high 10 
Wlcfth of clock pulla, tw(clock) 

Clock low 10 

Wlcfth of claar pul .. , tw(claar) Claar low 10 

Sel.ct 15t 
H Ighole .. 1 dataO 7t 

Setup time, tlU 
Low-le .. 1 deteO 5t 

CI.ar inactiv .. stat. lOt 

Select 5t 
Hold time, th 

OetaO 6t 
Operating fr .... ir tamper.ture, T A 66 125 

0D.,. Includ .. the two .. rial Inputl end tho eight Input/output de" lin ... 

TEXAS INSTRUMENTS 
INCORPORATED 

poeT oPPle. 80X 1012 • DALLA.. TIXA. 7.111 

SN74S288 
UNIT 

MIN NOM MAX 
4.75 5 5.26 V 

-6.6 

-0.6 
mA 

20 

6 
mA 

0 50 MHz 

10 

10 
nl 

10 nl 
15t 

7t 

6t 
n. 

lOt 

6t 

5t 
nl 

0 70 ·C 

11 
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TYPES SN54S299, SN74S299 
8·BIT UNIVERSAL SHIFT/STORAGE REGISTERS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN 

VIH High·lavel input voltage 2 

VIL Low-Iavel input voltage 

VIK I nput clamp voltage VCC = MIN, 11=-18mA 

VOH High-Iavel output voltage 
I QA thru QH VCC~ MIN, VIH = 2 V, 2.4 

J QA' or QH' VIL = 0.8 V, 10H z MAX 2.7 

VOL Low-Iavel output voltage VCC - MIN. VIH = 2 V, 

VIL = 0.8 V, 10L = MAX 

IOZH 
Off-ltate output current, 

QA thru QH 
VCC = MAX, VIH - 2V, 

high-level voltage epplied VO=2.4V 

10ZL 
Off-Itate output current 

QA thru QH 
VCC = MAX, VIH=2V, 

low-level voltage applied VO= 0.5 V 

II Input current at maximum input voltage VCC· MAX, VI = 5.5 V 

IIH High-Iavel input current 
A thru H, SO, 51 

Anvother 
VCC = MAX, VI = 2.7 V 

Clock or clear 
IlL Low-Iavel input current 

Anvother 
VCC = MAX, VI=O.!)V 

QA thru AH -40 
lOS Short·circuit output current§ 

QA' orQH' 
VCC = MAX 

-20 

ICC SupplV current VCC = MAX 

tFor condition. shown a. MIN or MAX, ut. the appropriate value.peclfled under recommended operating conditions. 
;AII typical values Ir. It VCC - 5 V, T A • 25·C. 

TVP; 

3.2 

3.4 

140 

§ Not more than ana output should be thorted at. time and duration of the short-circuit telt should not exceed ona second. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER' 
FROM TO 

UNPUT) (OUTPUT) 

fmax 

tPLH 
Clock QA'orQH' 

tPHL 

tPHL Clear QA'orQH' 

tpLH 
Clock QA thru QH 

tPHL 

tpHL Cleer QA thru QH 

tpZH 
Gl,(;2 QA thru QH 

tpZL 

tPHZ 

tPLZ 
(;1,(;2 QA thru QH 

• f max = maximum clock frllQuency 
tPLH E propagadon delay time, low .. to~hlgh-lev.1 outPut 
tPH L == propagation dilley tim •• hlgh-to-Iow-Ievel output 
tPZH == output enable tim. to high leve' 
t PZL == output .,·abla time to low leval 
tPHZ == output diuble time from high lavel 
tp L.Z == output dl.ble time from low level 

TEST CONDITIONS MIN TVP 

See Note 2 50 70 

12 
CL=15pF, RL = 1 Kn, 

13 
See Note 2 

14 

15 

CL· 45 pF, RL - 280 n, 
See Note 2 

15 

16 

10 

12 

CL-5pF, RL-280n, 7 

See Note 2 7 

MAX 

0.8 

-1.2 

0.5 

100 

-250 

1 

100 

50 

-2 

-250 

-100 

-100 

225 

MAX 

20 

20 

21 

21 

21 

.. 24 
18 

18 

12 

12 

NOTE 2: For testing f mex • all outputs are loaded .Imultaneou.ly. each with CL and R L a. specified for the propagation tim ... 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

UNIT 

V 

V 

V 

V 

V 

,.A 

,.A 

mA 

,.A 

mA 

,.A 

mA 

mA 

UNIT 

MHz 

nl 

nl 

iii 

nl 

nl 

nl 



SCHOTTKYf 
TTL 

TYPES SN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

• Field-Programmable Logic Array 
Organized 12-lnputs/50-Product 
Terms/6-0utputs 

• Programmable Options Include: 
- Active High or Low Inputs/Outputs 
- Choice of Dedicated Enable Input or 

Automatic Enable by True Product 
Terms 

• Number of Inputs, Outputs, and 
Product Terms are Expandable 

• High Density 20-Pin Package 

• Full Schottky Clamping for High
Performance : 

SN54S330. SN54S331 • 
SN74S330. SN74S331 • 

A 

DECEMBER 1976 

JPACKAGE 
J OR N PACKAGE 

F2 

- 35 ns Typical Data Delay Time positive logic: See description and function tables. 

- 20 ns Typical Enable Time 

• Reliable TI-W Fuse Links for Fast, 
Low-Voltage Programming 

• Choice of 3-8tate ('8330) or 2.5 kn Passive-Pullup ('8331) Outputs 

delcription 

These high-performance, Schottky-clamped 12-input. 6-output logic arrays can be field programmed to provide 50 
product terms derived from the 12 inputs and sum the 50 products onto 6-output lines. They feature a programmable 
option which permits the FPLA outputs to be automatically enabled by a true product term or, to dedicate during 
programming. input (LlOE) to serve as an output enable (OE). Either option makes the FPLA expandable with respect 
to product terms. 

For every product term, 12 input variables can be programmed as high or low. Logic flexibility is further enhanced by 
the feature that the six outputs can be programmed individually to be active high or low. 

The SN54S/745330 is implemented with bus-driving 3-state outputs and can be connected directly to similar outputs in 
a bus-organized system. The SN54S/74S331 is implemented with a 2.5 kn passive pull-up resistor on each output 
meaning that: 

a. The output can be combined with other similar or open-collector outputs to perform the logical wire-AND 
or a simple enable/disable function. 

b. The series SN74S' outputs are also rated to source 250 p.A of current at VOH = 3.7 minimum for direct 
inter-face with MOS input thresholds. 

The TI-W fuse links, used in the '533O/'S331, feature the same low-voltage programming characteristics and proven 
reliability which Texas Instruments PROM's have demonstrated over a number of years. 

DESIGN GOAL 

'"* II-.nwnt prow'" 1M'"" inforlMtion TEXAS IN ST RUM ENTS 
on. product In tM ...... _181 ..... T._ INCORPORATED 1_...... ~ the right to ..... or POST OFFICE BOX 5012 • DAL.LA8, TEXAS 75222 

1IIIDontinu. th. product without nolic8. 

tlnhp8t8d ScIIottky-~ier diode-
............... I, fI8t8nt8d by 13 
T._ IlIItrulMlltL U. So ..... t 
NumlMr 3.4Q.97&. 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

A 
B 
C 
o 
E 
F 
G 
H 
I 
J 
K 

·L 

WHERE: 

- .../'~I 
, -L,l 

I" .. I 
I I 
I I 

II I 
I 

. II I 
. I! 

'~~-:/ 

Fl· FO. F,. FZ. Flo F., or ... 

r"---
I 

V 

, / -------- ------"" 
I 

(ABC ••••• LIJ • 'Z PROGRAMMABLE INPUTS (H • TRUE OR L • TRUE I FOR EACH OF 10 PRODUCT TERMS 

TEXAS INSTRUMENTS 
INCORPORATED 

~OST O~~ICR .OX 1012 • DALLA •• TI!XA. 71122 



TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply volt~ge, Vee (see Note 1) . 7 V 
5.5 V Input voltage . 

Off-state output voltage 
Operating free-air temperature range: SN54S330, SN54S331 

SN74S330,SN74S331 
Storage temperature range. 

NOTE 1: Voltage values are with r.spect to network ground terminal. 

recommended operating conditions 

Supply voltage, Vee 

HiDh~.vel output current, IOH I 'S330 tT-81 

I 'S331 (2.5 kSl Pullup) 
I Operating free-air temperature, T A 

SN54S330, SN54S331 
MIN NOM MAX 

4.5 5 5.5 
2 

-0.2 
-55 125 

5.5 V 
. _55°C to 125°C 

. oOe to 70°C 
.-65°e to 150°C 

SN74S330,SN74S331 
UNIT 

MIN NOM MAX 
4.75 5 5.25 V 

-6.5 
mA 

-0.25 
0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SN54S330,SN54S331 SN74S330 SN74S331 

MIN TVpt MAX MIN 
VIH High-level input voltage 2 2 
VIL Low-level input voltage 0.8 
VIK Input clamp voltage Vee = MIN, 11--18mA -1.2 

'5330 Vee- MIN. l '-OH = MAX 2_4 3.4 2.4 
VOH High-level output voltege 

'S331 VIH = 2V 
IIOH =MAX 3.7 4.5 3.7 

VIL =0.8 V 

VOL Low-level output voltage 
Vee = MIN, VIH-2V, 

0.5 
VIL = 0.8 V, IOL = 20mA 

~ 
Off-state output current, 'S330 

Vee = MAX 
If(l- 2.4V 50 

loff high~evel voltage applied 'S331 I Vo 2.4V 50 

IOZL 
Off-stat. output current, 

'S330 Vee= MAX, Vo =0.5 V -50 
low-level voltage applied 

II 
Input currant at maximum 

Vee = MAX, VI =5.5V 1 
input voltage 

IIH High-level input current Vee = MAX, VI = 2.7 V 50 
I L Low-level input current Vee - MAX, V -0.5V -0.25 

lOS 
Short-circuit output 'S330 

Vee· MAX 
30 100 30 

current§ 'S331 -1.4 4.4 1.4 

Supply current 
'S330 

Vee-MAX, See Note 2 
110 

ICC 'S331 122 
r n . n h n or MAX use he ro ri • v I • If d under recommended 0 .r in n i i n Fo CO dltle II ow a.MIN • t app p at au spec Ie p at 9 co d to .. 

fAil typical value'lr. at Vee = 5 V. TA = 25°C. 
§ Not more than one output of the '5330 should be shorted at 8 time. 

NOTE 2: ICC il me.,ured with all outputs open and all inputs grounded. 

switching characteristics, Vee = 5 V, T A = 250 C 

PARAMETER FROM TO 
tPLH Any input Any output 
tpHL 
tZL Enable Any output 
tZH 
tHZ Enable Any output 
tLZ 

TEST CONDITIONS 

eL = 30pF 

eL E 5 pF 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX SOU • DALLAS, TEXAS 7SZZZ 

MIN 

TVP' MAX 

0.8 
-1.2 

3.1 
4.4 

0.5 

50 
50 

-50 

1 

50 
-0.25 

100 
--4.4 

110 
122 

TVP MAX 
35 
35 
15 
15 
15 
15 

UNIT 

V 
V 
V 

V 

V 

jlA 

jlA 

mA 

jlA 
mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

I 

15 
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TYPES SN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT. 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

programming the FPLA 

The '5330 and '5331 are fabricated to include reliable low-voltage programmable Ti-W fuse links which have identical 
fusing characteristics with those used in Tl's PROM's. The conditions recommended for programming the FPLA are 
virtually identical to those used for Tl's PROM's; however, the AND-OR combinational logic performed by an FPLA 
requires that sequential programming be employed which establishes the AND term including the data/enable L/OE 
input before the OR term. Programming the automatic enable feature active, the true/false logic level of the outputs, 
and the data/enable input (UOE) can be accomplished before or after the AND and OR matrices are established. 

recommended conditions for programming 

MIN NOM MAX UNIT 
Supplv voltaae V,.,. lsee Note 1) 4.75 5 5.75 V 

Program pulse voltage, V (pr) lsee Note 1) 10 10.5 llt V 

Program pulse rise time 100 n. 

Input voltage (see Note 1) I High level, VIH 2.4 5 

I Low level, Vll 
V 

0 0.5 

Voltage applied to output for OR programming, VOlpr) lsee Figure D) 0 0.25 0.3 V 

Duration of programming pulse Y Is .. Figures A. C, D. and Note 2) 0.9 1 20 m. 

Programming duty cycle 25 35 " Free-air temperature 0 55 ·c 
t Absolute maximum fatings. 

NOTES: 1. Voltage values are with respect to the GNO terminal. 

2. Programming il guaranteed if the pulse applied Is O.9m.long. Typically. programming occurs in 1 mi. 

programming the true/false logic level of the outputs 

The FPLA is supplied with internal conditions established such that when a programmed AND or AND input term is 
true the associated function output (Fn) will be at a high logic level voltage, VOH. 

Programming the output to provide a low logic level voltage (VOL) when the programmed input term is true can be 
accomplished by using AND/AND terms 50 through 55 shown in Table I and fusing the desired outputs using the step
by-step procedure. 

TABLE I - ADDRESSES FOR PROGRAMMING OUTPUT LEVELS AND ENABLES 

ADDRESS APPLIED TO OUTPUTS PRODUCT TERM 

F5 F4 F3 F2 Fl FO ADDRESSED 
PROGRAMS 

H H L L H L 50 Output F5 true low 

H H L L H H 51 Output F4 true low 

H H L H L L 52 Output F 3 true low 

H H L H L H 53 Output F 2 true low 

H H L H H L 54 Output Fl true low 

H H L H H H 55 Output FO true low 

H H H L L L 56 LlOE input into logical product term 

H H H L L H 57 Automatic output enable active 

Programming can be verified before AND-OR programming by applying Vee = 5 V and measuring VOL";; 0.5 V at the 
programmed output(s). After programming this test can be made by applying the input conditions which correspond 
to each term programmed to result in an active low-level output. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE 80X 5012 • DALLAS. TI!XAS 75222 



TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

" _-by-step programming procedure for outputs and enables 

1. Apply steady·state supply voltage (Vee = 5 V) and disable the outputs by applying 10.5 volts to the 12 data 
inputs. See Figure 1. 

2. Verify that the fuse link needs to be programmed. If not, proceed to the next term. 

3. Only one fuse link is programmed at a time. Address the term to be programmed by applying V,H and V'L to the 
outputs in accordance with Table I. 

4. Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mAo 

S. After the Y pulse time (1 ms) is reached, Vee should be stepped down to 5V at which level verification can be ac· 
complished. 

6. The data inputs may be taken to logic levels (to permit program verification) 10/.ls or more after Vee reaches its 
steady·state value of 5 V. 

7. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 6 for each function to be programmed. 

NOTES 3: Vee Ihould be removed between program-pul .. , to reduce dlulpatlon and chip temperatur ••. S •• Figure 1. 

Vee 

3Y 

REMOVE VCC TO 

REDUCE 

10.5 V 

5V 

I 
.j 

I 
I-' > 101/1 L..-~_~ Ir-------------- 0 

tlDATA 

IM'UTI 

I 
I 

I 
I 

~-----T---- VIH I L ____ L ____________ ~ ____ _ 
VERIFY NEED ~ HI·Z .f j. TEST OUTPUT r VOH 

=~GRAM I t4&~L:,::::;;;~;,UT 11 r-::::::q r--u-----I! I-___________ J L _____ '-___________ .J ~----
VOH 

FIGURE 1 - OUTPUTS AND ENABLES PROGRAMMING SEQUENCE 

programming the L(en) input 

The L/OE input must be programmed either to function as a dedicated enable or to function as the 12th data input. 

10.5 V 

If it is to become the 12th data input a single fuse, at term 562 (see Table I), should be programmed in accordance with 
steps 1 through 4 above; then, input L is programmed logically into each AND/AND product term. 

If input L/OE is to function as a dedicated output enable, term 562 is not fused: however, both AND/AND fuse links 
It each of the 50 product term addresses must be fused as outlined below creating a "don't care" for input L. This 
causes the input to become an overriding output enable/disable for the packege. 
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TYPES SN54S330, SN54S331. SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

programming the automatic disable to be inactive 

The '5330 and '5331 are supplied with fuse links completing a circuit which automatically disables the six outputs (high
impedance (Z) for '5330, high (H) for '5331) for any product term which is purely "don't care"; i.e., not decoded by 
the AND matrix. Fusing one link inactivates the automatic output enabling circuit resulting in the six outputs being 
enabled for any input term, even "don't care". 

The automatic disable fuse is programmed inactive by addressing term 572 (see Table I) and fusing in accordance with 
the step-by-step procedure above. 

programming the AND/~ product terms 

12 

Each of the 50 product terms are capable of being programmed to decode a 12·wide term consisting of any combination 
of active (true) high, active (true) low, or don't care (H or L) input conditions at each of the 12 lines. This capability is 
implemented by providing AND/NAND decode input gates each having a pair of associated fusible links which can be 
programmed to inactivate the unused decode level. Both decode levels can be removed resulting in a "don't care" 
input. The equivalent logic diagram showing the fusible links is shown in Figure 2. 

A 

DATA B 
INPUTS 

LIOE x 
x+-+-....... 

o 

A-a'L-O A'B'L=1 

FIGURE 2 - EQUIVALENT LOGIC DIAGRAM OF FPLA PRODUCT TERMS 
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TYPESSN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

A particular pattern is assumed to have been programmed into the AND/AND fuse matrix with fused links opened at 
the locations marked with an "X". The resultant product terms are enumerated for the outputs of each product-term 
AND gate. 

Product terms programmed into the AND/AND matrix will be used to select the term for programming the OR 
(summing) matrix. Redundant product terms will select two sum terms in the OR matrix, and overlapping product 
terms may select two or more sum terms. Reliable programming can be accomplished if redundant product terms 
are avoided and overlapping product terms are made unique for programming. 

Redundant product terms are defined as being absolutely equal; i.e., ABCDEFG=ABCDEFG. Use of apparently redun
dant terms is possible if the term does not use all inputs as the remaining inputs can be utilized to create unique terms 
for programming purposes by expansion: 

Example: 

ASCDEFGH=ABCEDFGH 

After programming the OR matrix, the product terms can be readdressed and the H input can be programmed "don't 
care". 

Overlapping terms are defined as two or more product terms in which the lesser product term can be addressed as a 
result of the application of a larger product term. 

Examples: 

ASCDEFG ..... I----------This large product term 

AB DE G4=========-_ A CD F ... also addresses these small terms 

The small terms can be made unique for programming by simply expanding to non-redundant inputs. 

ABCDEFG ..... I----------Large term 

AS DE_FG::========-A CD FG- Small terms made unique by expanding (one fuse link each) 

After programming the OR matrix, the product terms can be shortened by readdressing each and programming the 
added inputs to a "don't care". The AND/AND matrix is programmed one fuse at a time by addressing the term in 
accordance with Table II and fusing the input while applying the logic level desired to be active. See Figure 3. 

TABLE II - ADDRESSES FOR PROGRAMMING PRODUCT TERMS 

ADDRESS APPLIED TO OUTPUTS 
PRODUCT 

TERM 

FS F4 F3 Fz Fa Fl ADDRESSED 
L L L L L L 0 
L L L L L H 1 
L L L L H L 2 

L L L L H H 3 

H H L L L L 48 
H H L L L H 48 
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TYPES SN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

step-by-step programming procedure for AND matrix 

1. Apply steady·state supply (Vee = 5 V) and disable the outputs by applying 10.5 volts to the 12 data inputs. 
See Figure 3. 

2. Verify that the fuse link needs to be programmed. If not, proceed to the next term. 

3. Only one fuse link is programmed ata time. Address the term to be programmed by applying VIH and VIL to the 
outputs in accordance with Table II. 

4. Apply the level to be true at the input to be programmed. 

5. Step Vee to 10.5 V nominal. Maximum supply current required during programming is 750 mAo 

6. After the Y pulse time (1 ms) is reached, Vee should be stepped down to 5 V at which level verification can be 
accomplished. 

7. The data inputs may be taken to logic levels (to permit program verification) 10 f.,Is or more after Vee reaches its 
steady-state value of 5 V. 

8. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 7 for each input to be programmed. 

NOTES: 4. Vee should be ramoved between program-pul ... to reduce dis.lpation and chip temperatur.s. S •• Figure 3, 
5. If the input jUlt programmed i, to be • "don't car." and 11 not being used to e"pand the product term rapeat Itepi 4 and 5 with 

the oppollte logic 'ave' applied to the Input. aafor. changing the product tarm addr .... program all inputs (A through l/OE for 
thl, product term including all "don't c8re.", 

6. If Input L/OE I, to be used II. dedicated package enable It mUlt ba programmed I •• "don't car." bV fusing both IInk,.t •• cl'l of 
th. 50 product t.rm locatlona. 

The OR (summing)'matrix for each product term can be programmed immediately upon completion of the 12-wide 
AN 0/ AND term associated with it; or, the entire AND/ AND term matrix can be programmed for ali 50 product terms 
before programming the summing matrix. 

I-- Y -I· 3Y -f 
10.1 

REMOVEVCC r TO REDUCE 
.--____ ....&. __ IV 

I 
I 

.j 
I 
I 

1+ >'o~ 
I 

; AVERAGE L-....:.._"""'" ....... W_E_R ___ ... ___________ 0 

I 
! 

" DATA INPUTS 

l _______ v." I-
L _____ 1 ______________ ~-_____ VIL 

VERIFY t-- --i HI·Z --i ~ TEST OUTPUT r VOH 

N~EEDTO rr-----------,. r------, J1-ir---- VIN 
PROGRA! 'a-LINE ADDRESS INPUT I-!-t--------I VOH L ______________ .J L. _____ -.l...___________ L ___ VIL OUTPUTS 

r-------------------, r---- V IN 
INPUT BEING I I I 
PROGRAMMED ______ ......... L __________________ L ________________ '1. ___ VIL 

FIGURE 3 - AND MATRIX PRODUCT TERM PROGRAMMING SEQUENCE 
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TYPES SN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

programming the OR (summing) matrix 

Product term(s) programmed into the AND/AND matrix can now be selected to provide a true logic level output. The 
true logic level output at FO through FS will be high if the output polarity fuses are intact, or FO through FS will be 
low if the output polarity fuses have been programmed, or a combination of highs and lows if some of the output 
polarity fuses have been programmed. 

step-by-step programming procedure for OR matrix 

Programming the OR matrix consists of fusing (one at a time) those outputs (FO through FS) which are desired to be 
false in the addressed product term. The procedure is: 

1. Apply steady-state supply voltage (Vee = s V) and apply the unique product term. See Figure 4. 

2. Verify that the fuse link needs to be programmed. If not, proceed to the next fuse link. 

3. Only one fuse link is programmed at a time. Enable the term to be programmed by applying VO(pr) to the 
first output to be false in the product term. 

4. Step Vee to 10.S V nominal. Maximum supply current required during programming is 7S0 mAo 

S. After the Y pulse time (1 ms) is reached, Vee should be stepped down to S V at which level verification can be 
accomplished. 

6. Program verification can occur 10 /-Is or more after Vee reaches its steady-state value of S V. 

7. At a Y pulse duty cycle of 3S% or less repeat steps 1 through 6 for each output to be programmed false for the 
active product term. 

NOTES: 7. Vee should be removed between program pulses to reduce dissipation and chip temperatures, See Figure 1. 
8. If product terms were expanded to make then unique for programming purposes the product terms can be addressed and the 

.ddad inputs can ba removed by programming them to a "don't care" (fuse the remaining links), 

r-V-.f 
REMOVEVCC 
TO REDUCE j.- .. 10/-11 ---1 +I j.- .. 10/-1_ _. I. AVERAGE r--------J.--- VCC 

~I VERIFVNEEDTO I TEST ~r----..a....----------- OV 
PROGRAM j. PROGRAM -..j 

'2 DATA INPUTS r----~.;~;-,.;;;~;-:;E-;;;;---------l--- VIH r----------- VIH 

--~I, ________________________ I~)_---.I, ___________ VIL 

OUTPUT TO BE 
PROGRAMMED 

---------------------~s------.-------- VOlpr) 

FIGURE 4 - OR TERM PROGRAMMING SEQUENCE 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 

12-INPUT/6-0UTPUT EXPANDABLE FIELD-PROGRAMMABLE LOGIC ARRAYS 
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FIGURE 5 - EXPANDING THE 'S33O, 'S331 FPLA 
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TYPESSN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

APPL ICATIONS 

The FPLA is efficiently suited for generating the sum of product terms which are normally required to implement: 

Memory mapping/supplemental functions 

Random logic or function generators 

Sequential controllers 

Status decoders or result interpreters 

Priority encoders 

In addition, the FPLA introduces an alternative approach to the implementation of some code converters, pattern 
generators, and look-up tables which have commonly utilized PROMs and/or ROMs. 

MEMORY CONTROL/SUPPLEMENTAL FUNCTIONS 

The FPLA is ideally suited for implementing a wide variety of functions with respect to the control and/or 
supplementing of system memory capabilities. Some are: 

Memory mapping 

Microprogram control 

Memory patch 

PROM extension 

The wide input capability of the '53301'5331 FPLA makes it ideal for decoding either a current memory address or a 
variety of status lines and generate a unique system control function. 

MEMORY MAPPING/MICROPROGRAM CONTROL (See Figure 6) 

These similar control functions utilize FPLAs which decode the assigned (mapped) addresses to accomplish system 
memory management; and/or, the FPLAs decode the current system address/status and implement the hardwired jump, 
branch-to-subroutine, or starting address in the microprogram control memory. 

FPLA ASSIGNED OR .. .. STARTING 
ADDRESSES .. 'S33O p-

OR 
'S331 -------

MEMORY MEMORY 
./ .. ADDRESS .. 

) 
REGISTER 

'S373 r 

OR 
'S374 

FIGURE 6 - MEMORY MAPPING/MICROPROGRAM CONTROL 
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TYPES SN54S330, SN54S331, SN74S330,SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 

MEMORY PATCH/PROM EXTENSION (See Figures 7 and 8) 

These supplemental functions are cost-effective solutions for enhancing or upgrading existing memory systems or 
designs. Either the patch or extension can be used to correct existing deficiencies, to prioritize improved control over 
existing functions, or to extend the existing capabilities. Priority and source, select can be programmed into the FPLA. 

PROM 

·S472 
OR 

"5473 

FPLA 

·1330 
OR 

11331 

FIGURE 7 - MEMORV PATCH FIGURE 8 - PROM EXTENSION 

DIGITAL SEQUENTIAL CONTROLLERS (See Figure 9) 

This broad category of functions range from simple stand-alone machine controllers to the microprogram sequencing of 
any size computer or machine. The identifiable common denominator being that a sequential controller decodes a 
present state and generates the next state. Contrasted to a data processor or computer which generates information 
from operating on a word of data, the sequential controller generates information on a bit-by-bit basis. 

Sequences generated can range from simple counting schemes to arbitrary bit-by-bit generation of any unique output 
states. 

This application shows how the FPLA can simplify the implementation of a sequential controller. When the 
combinatorial logic of the FPLA is combined with the flexibility and synchronization of standard flip-flops in a 
feed-back loop, the full capability to generate a next state functional directive can be decoded from the present state: 
the outputs of the flip flops (present state) in conjunction with the status inputs. 

STATUS DECODERS/RESULT INTERPRETERS 

This broad category of functions, generally described as the elements which monitor the execution results of present 
instructions in sequential machines, can provide the decision-making hardware needed to both determine that the 
present operation is complete and simultaneously generate the next starting address or state. The actual configuration 
varies widely, but one popular method is to configure the FPLA similar to that shown for memory mapping. 
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PRIORITY ENCODERS 

TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 

FIELD-PROGRAMMABLE LOGIC ARRAYS 

.. 
'\ NEXT STATE / 

r 

PRESENT STATE 

STROBEl 
CLOCK 

1 
V 

STATE 
GENERATOR 

OR 
PIPELINE 

REGISTER 

'276 
OR 

'S374 

FIGURE 8 - SEQUENTIAL CONTROLLER 

~~ 

~ 

The unique properties of the FPLA's capability to be programmed for decoding a number of product terms in virtaully 
any combination provides the user with the flexibility of identifying and implementing virtually any prioritized scheme. 
This option is normally available in any use shown for the 'S3301'S331. 

RANDOM LOGIC OR FUNCTION GENERATORS 

The 'S3301'S331 FPLAs provide the system designer with the options of reducing package count and/or system design 
time. Random gate logic can potentially be replaced at a package ratio of 12.5·to·l up to 50·to·l depending on the 
particular system needs. Function generators can be programmed directly into the FPLA from simple truth tables. In 
addition to reducing design and production start·up time, this technique can reduce the direct and indirect costs 
associated with logic and package minimization processes. 
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TYPES S154S313, S154S314, S114S313, SI14S314 
OCTAL D-TYPE TRAISPAREIT LATCHES AI. 

• Choice of 8 Latches or 8 D-Type Flip-Flops 
In a Single Package 

• 3-State Bus-Driving Outputs 
• full Parallel-Access for Loading and Reloading 
• Buffered Control Inputs 
• Clock/Enable Input has Hysteresis to Improve 

Noise Rejection 
• P-N-P Inputs Reduce D-C Loading on 

Data Lines 

• Operates with outputs Enebled or at High Z 

SN74S373 

OUTPUT ENABLE 
D OUTPUT 

CONTROL G 

L H H H 

L H L L 
L L X 00 
H X X Hi·Z 

SN74S374 

OUTPUT 

CONTROL 
CLOCK D OUTPUT 

L t H H 

L t L L 

L L X Co 
H X X Hi·Z 

00 == the level of Q before the indicated It •• d·lt.te input condltionl 
we' ... t.bUlhed. 

H = high 'evel 
L B'OW 'evel 
HI·Z'" high Impodoneo 
X is Irrelevent 
t 50 trensitlon from low to high 'evel 

description 

EDGE-TRIGGERED FLIP-FLO" 
BULLETIN NO. DL·S 7512350. OCTOBER 

SNli4S373 .•• J PACKAGE 
SN74S373 .•• J OR N PACKAGE 

ITOPVIEWI 

INAIU _ ~ ~ ~ ro ~ ~ R ~ • 

on .. 'D '" ... D 

logic: s •• function tabl. 

SNIi4S374 ••• J PACKAGE 
SN74S374 ••• J OR N PACKAGE 

ITOPVIEWI 

Vee ~ .. ·ID '" ~ ~ ID IQ CLOCK 

lotic: see function tlble 

These 8-bit registers feature totem-pole 3-state outputs designed specifically for driving highly-capacitive or relatively 
low-impedance loads. The high-impedance third state and increased high·logic·level drive provide these registers with the 
capability of being connected directly to and driving the bus lines in a bus·organized system without need for interface 
or pull-up components. They are perticularly attractive for implementing: 

Buffer Registers 

I/O Ports 

Bidirectional Bus Drivers 

Working Registers. 

The SN54S373 and SN74S373 are transparent D-type latches meaning that while the enable (G) is high the a output 
will follow the data (D) input. When the enable is taken low the output will be latched at the data that was setup. 

TENTATIVE DATA SHEET 
Thll d __ nt provl .. _8tlvlllnforlMtlon TEXAS INSTRUM ENTS 
on. _ product. T ... I_u_nta ,..r_ INCOHPORATEO 
tM right to ah ..... 1p8Clflutiona for thlt ~OOT ".'CI OOX .DI. _ OAL ..... Tl"' ...... 

product In 811\' IIUIIIMf without notloa. 

t Int8grltod Schottky·B.rri .. diod. 
cllmped trln.istor i. patenMd by 
T .... In.trument •• U. S. P_t 
Number 3.463.97&. 



TYPES SN54S373, .SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE.;TRIGGERED FLIP-FLOPS 

description (continued) 

The SN54S374 and SN74S374 are edge-triggered O-type fl ip-flops. On the positive transition of the clock the a output 
will be set to the logic state that was setup at the D input. 

Schmitt-trigger buffered inputs at the enable ('5373) and clock ('5374) lines simplifies system design as a-c and doc 
noise rejection is improved by typically 400 mV due to the input hysteresis. A buffered output control input can be 
used to place the eight outputs in either a normal logic state (high or low logic levels) or a high-impedance state (Hi-Z). 
In the Hi-Z state the outputs neither load nor drive the bus line significantly. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) 
Input voltage 
Off-state output voltage 
Operating free-air temperature range: SN54S373, SN54S374 

SN74S373,SN74S374 
Storage temperature range 

NOTE 1: Volt ... vllull .r. with ,lIpeet to network Iround tlrmlnll. 

recommended operating conditions 

SN54S373,SN54S374 

MIN NOM MAX 

Supply voltege, V CC 4.5 5 5.5 

Hlgh-llvel output voltage, VOH 5.5 

Hlgh-llvel output current, IOH 2 

Wldlh of clock/enable pul18, tw 
High 8 

Low 7.3 

DIII18IUP lima,l .. 
'5373 0+ 

st '5374 

Dlle hold lime, th 
'S373 10+ 
'5;l74 2t 

Operaling fr .... ir temperature, T A -55 125 

7V 
5.5 V 
5.5 V 

_55°e to 125°e 
oOe to 700e 

_65°e to 1500 e 

SN74S373,SN74S374 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

5.5 V 

8.5 mA 

6 

7.3 
n. 

0+ 
st nl 

10+ 
2j' 

nl 

0 70 °c 

tJ. The .,row 'ndiclt •• the trenlltion of thl clock/lnlbll Input u.ed for referlncI: t for the IOw-ta-high trln,itlon. + for the high-ta-Iow trlnllt
Ion. 
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TYPES SN54S313, SN54S314, SN14S313, SN14S314 
OCTAL O-TYPE TRANSPARENT LATCHES AND 
EDGE-TRIGGERED FLIP-FLOPS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TVP. MAX 

VIH High-level input voltage 2 

VIL Low·level input voltage 0.8 

VIK Input clamp voltage VCC= MIN, IJ = -18mA -1,2 

I SN54S' VCC= MIN, VIH = 2V, 2.4 3.4 
VOH High·leval output voltage 

1 VIL· 0.8 V, SN74S' 10H =MAX 2.4 3.1 

VOL Low·leval output voltage 
VCC· MIN, VIH· 2 V, 

0.5 
VIL = 0.8 V, IOL·20mA 

10lH 
Oll·stlte output current, VCC = MAX, VIH· 2 V, 

50 
high.leval voltage applied VO=2.4V 

lOlL 
Oll'ltlte output current, VCC = MAX, VIH = 2V, 

-50 
low·leval voltage applied Vo = 0.5 V 

- ._-- ---
II Input current at maximum input voltage Vee = MAX, '{.L·5.5V 1 

IIH High-Iavel input current VCC = MAX, VI=2.7V 50 --
IlL Low·leval input current VCC = MAX, VI- 0.5 V -250 

lOS Short-circuit output current § VCC· MAX --40 -100 

Supply current VCC = MAX I '5373 105 160 
ICC 1 '5374 90 140 

tFor condition. shown a. MIN or MAX, use the appropriate value spacified under recommended operating conditions. 
f,AII typical valua.a,. at Vee = 5 V. T A = 2SoC. 
§ Not more than ana output should ba shorted at. time and duration of the Ihort-circuit t •• t should not exc.ed one second. 

switching characteristics, Vee = 5 V, T A = 25°e 

FROM TO 
PARAMETER 

(INPUT) (OUTPUTI 

fmax 

tPLH 
Data AnyQ 

tpHL 

Clock or 
tpLH 

,nable 
Any Q 

tlH Output 

Control 
Any Q 

tlL 

tHZ Output 

Control 
AnyQ 

tLZ 

NOTE: 1max il tasted with all outputs loaded. 

1m.x == malCimum clock frequency 
tPlH = proPlgltion dellY tim., low·to·high level 
tpH L = propagation delay tim., high·to·low level 
tZH:iii: outPut .nabl. tim. to high lev'l 
tz L == output .neble time to low level 
tHZ = outPut dl,able time from high level 
tlZ'5i output di,.bl. time from low level 

TEST CONDITIONS 

CL=15pF, RL=280n, 

See Note 

CL = 5 pF, RL = 280 lI, 

See Note 
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'5373 '5374 

MIN TVP MAX MIN TVP MAX 

75 100 

5 9 

9 13 

7 14 8 15 

12 18 11 17 

8 15 8 15 

11 18 11 18 

6 9 5 9 
8 12 7 12 

I UNIT 

V 

\2-1 V 

V 

V 

p.A 

p.A 

mA 

p.A 

p.A 

mA 

mA 

UNIT 

MHz 

nl 

n. 

n. 

n. 



TYPES SN54S373, SN54S374, SN74S373, SN74S374 
OCTAL D-TYPE TRANSPARENT LATCHES AND 

EDGE-TRIGGERED fLIP-fLOPS 

APPL ICAT IONS 

BIDIRECTIONAL BUS DRIVEIII 
OUTPUT 
CONTROL' 

BIDIRECTIONAL 

OATA BUS' 

OUTPUT 
CLOCK' 

'--

~ 

'----

'------

'---

'0 

ZO 

3D 

.0 

10 

10 

70 

D 

'0 
ZO 

30 

.a 
50 

10 

70 

10 

=HANGE~ =ss= L.F 
CLOCK -, I 

~:Z H L.J 

CLOCK CIRCUIT FORaul EXCHANGE 

), 
A '0 

ZO 

30 

.0 

50 t- ---
10 

10 

Z 10 

) 
( 

;.; 'D t-
ZD r-
3D t---
.0 r-
50 r----
10 

1D 

--A 8D 

'( 
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TYPES S154S412. SI74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

BULLETIN NO. DL·S 7512351, OCTOBER 1971 

• P-N-P Inputs and 3-State Outputs Maximize 
I/O and Data Bus Capabilities 

• Data Latch Transparency Permits 
Asynchronous or Latched Receiver Modes 

• Mode and Select Inputs Permit Storing 

With Outputs Enabled or Disabled 

• Strobe-Controlled Flag Flip-Flop Indicates 
Status or Interrupt 

• Asynchronous Clear Sets All Eight Data 
Lines Low and Initializes Status Flag 

• High-Level Output Voltage, Typically 4 V, 

Drives Most MOS Functions Directly 

• Direct Replacement for Intel 3212 
or 8212 

description 

s, 

SN54S412, , • J PACKAGE 
SN74S412 ••. J OR N PACKAGE 

(TOP VIEW) 

007 D07 01. DO' DIS 00' 

Oil 00' 012 DOl Oil Do, 014 00. 

-.,. 
OAT A INPUTS AND OUTPUTS 

logic: see function table 

52 

ST8 

This high·performance eight-bit parallel expandable buffer register incorporates package and mode selection inputs and 
an edge-triggered status flip-flop designed specifically for implementing bus·organized input/output ports. The 
three-state data outputs can be connected to a common data bus and controlled from the appropriate select inputs to 
receive or transmit data. An integral status flip·flop provides package busy or request interrupt commands. The outputs, 
with a 4-volt typical high-level Voltage, are compatible for driving low·threshold MOS directly. 

DATA LATCHES 

The eight data latches are fully transparent when the internal gate enable, G, input is high and the outputs are enabled 
(OE = H). Latch transparency is selected by the mode control (M), select (S1 and S2), and the strobe (STB) inputs and 
during transparency each data output (OOi) follows its respective data input (Dli)' This mode of operation can III 
terminated by clearing, de-selecting, or holding the data latches. See data latches function table. 

MODE SELECTION 

An input mode or an output mode is selectable from this single input line. In the input mode, MD = L, the eight dati 
latch inputs are enabled when the strobe is high regardless of device selection. If selected during an input mode, the 
outputs will follow the data inputs. When the strobe input is taken low, the latches will store the most·recently setup 
data. 

In the output mode, M = H, the output buffers are enabled regardle~s of any other control input. During the output 
mode the content of the register is under control of the select (51 and S2) inputs. See data latches function table. 

STATUS FLIP-FLOP 

The status flip-flop provides a low·level output signal when: 

a. the package is selected 

b. a strobe input is received. 

This status signal can be used to indicate that the register is busy or to initiate an interrupt type command. 

TENTATIVE DATA SHEET 

Thil do ....... nt prowideo tenutiwe InfOf_ion TEXAS IN ST RU M ENTS 
on a new product. T_ I_mente --- INCORPORATED 
the rilht to ch • .,.. .-Iflcd:lonl for thle POST OFFICE 80X 5012 • OALI..AI. TEXAS 75222 

30 pooduct in any ... n .. without notice. 



functional block diagram 

TYPES S154S412, SI74S412 (TIMB212) 
MULTI-MODE BUFFERED LATCHES 

r---- - - - - -- -- - - - --- - ------, 

IT. 1111 

M 

II 
IZ 

DII 

D,Z 

D," 

D,. 

D," 

DII 

017 

IZ) 

II' 

II' 

17' 

III 

1,1' 

Itll 

120' 

DII 1221 

CLR ft4' 

, 
-I 
I 

schematics of inputs and outputs 

EQUIVALENT OF CLEAR, STROBE, 
MODE, S1, AND S21NPUTS 

vcc----t--~ 

INPUT 

1 

I 
I 
I 

_________ ..J 

1231 iNT 

41 DO' 

II' DD' 

II' DD" 

(10) 
DD. 

(151 
DO' 

f171 DDI 

1111 D07 

IZ1I DDI 

EQUIVALENT OF EACH 01 INPUT TYPICAL OF ALL OUTPUTS 

vcc------------~~------~~ 
-----.... --vcc 

OUTPUT 

INPUT-~~ ...... _4 

TEXAS INSTRUMENTS 
1f\t,jt:ONP()RATED 

POST OFFICE IIOX sou • DALL .... , TEX .... 71122 
31 
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TYPES SI54S412, SI74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

DATA LATCHES FUNCTIDN TABLE 

FUNCTIDN CLEAR M S1 S2 STB DATA IN 

L H H X X X 
Clear 

L L L H L X 

X L X L X X 
De·select 

X L H X X X 

H H H L X X 
Hold 

H L L H L X 

H H L H X L 
Data Bus 

H H L H X H 

H L L H H L 
Data Bus 

H L L H H H 

STATUS FLIP·FLDP FUNCTIDN TABLE 

H == high level (steady state) 

L == low level (steadv state) 
X == irrelevant (any input, including transitions) 

Z == high impedance (off) 

'" == transition from low to high level 

CLEAR 

L 

L 

H 

H 

81 

H 

X 

X 

L 

-
S2 STB INT 

X X H 

L X H 

X ~ L 

H X L 

DATADUT 

L 

L 

Z 

Z 

Co 
0.0. 

L 

H 

L 

H 

abSDlute maximum ratings Dver Dperating free·air temperature range (unless Dtherwise nDted) 

Supply voltage, Vee (see Note 1) 
I nput voltage . 
Operating free·air temperature range: SN54S412 

SN74S412 
Storage temperature range. 

NOTE 1: Voltage value, are with respect to network ground terminal. 

recommended Dperating cDnditions 

SN54S412 

MIN NDM MAX 

Supply voltage, VCC 4.5 5 5.5 

Pulse width, tw I 5TB or gl • 52 25 

C .. Figur .. 1. 2, and 41 I Clear low 25 

Setup time, tsu I .. Figure 31 15+ 

Hold time, th C .. Figur .. 1 and 31 20+ 

Operating free ... ir temperature, T A -55 125 

J. The arrow indicates that the falling edge of the clock pulse is used for ref.rence, 

TEXAS INSTRUMENTS 
IN(OHP()H;AJED 

POST OFFICE BOX SOU • DALLAS. TEXAS 15222 

. 7 V 
5.5 V 

. -55°e to 125°e 
. oOe to 700e 

. _65°e to 1500 e 

SN74S412 

MIN NDM MAX 
UNIT 

4.75 5 5.25 V 

25 

25 
n. 

15+ ns 

20+ ns 

0 70 ·C 



TYPES SI&4S412, SI74S412 (TIM8212) 
MULTI-MODE BUFFERED LATCHES 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST eONDITIONst 
SN54S412 SN745412 

PARAMETER 
MIN TVP' MAX MIN 

VIH Hlgh~evel input voltage 2 2 

VIL Low~evel Input voltage 0.85 

VIK Input clemp voltaga Vec -MIN; II- -1SmA -1.2 

VOH High-level output voltage 
VCC - MIN, VIH-2V, 

3.65 4 3.65 
VIL - 0.8 V, 10H - -I mA 

VCC· MIN, 
IOL-15mA 0.45 

VOL L~evel output voltage VIH·2V, 

VIL· 0.8 V 
10L - 20mA 0.5 

10ZH 
Off"'8te output current, DO I thru 

VCC ~ MAX, 
high~evel voltage applied 008 

VO· 2.4 V 50 

Off-ltete output current, DO 1 thru 
10ZL 

low~eval voltage applied 
VCC= MAX, Vo =0.5 V -50 

008 

II 
Input current at 

VCC= MAX, VI = 5.5 V 1 
maximum input voltage 

IIH High~.val input current VCC= MAX, VI = 5.25 V 20 

I fl -1 

IlL Low~eval input current 1M VCC=MAX, VI =0.4V -0.75 

I All others -0.25 

lOS Short-circuit output currant§ VCC= MAX -20 -65 -20 

ICC Supply currant VCC - MAX, sea Note 2 82 

tPor condltlonl shown I' MIN or MAX, UN the appropriate value specified under recommended operating condition •. 
fAil typlcel •• Iu ••• re.t Vee z 5 V, TA Z 2S"e. 
INot mar. than one output Ihould be shorted at • time, 

NOTE 2: ICC il me •• ured with ell outputl open, cl •• r input at 4.5 V. and ell other inputs grounded. 

switching characteristiCS, Vee = 5 V, T A = 25° C 

TVP' 

4 

82 

PARAMETER FAOM TO FIGURE TEST CONDITIONS MIN TVP 

tPLH ST8, 51, or S2 
Any 

DO tpHL 

tpHL CLR Any DO 

IPlH 
Dli DOi 

tpHL 

IPLH S1 or S2 INT 

tPHL STS INT 

tZH 
51, S2, or M Any DO 

IZL 

1HZ 
51,S2, or M Any DO 

ILZ 

tPLH .propagetlon deley time, low-to·hlgh·level output 
tPHL '. propagetion de'IY time, hlgh-to-Iow-Ievel output 
tZH _output enable tim. to high I."., 
tZL _output enable time to low level 
tHZ _output dl.able time from high level 
tLZ. output disable tim. from low level 

1 

2 
CL ~ 30 pF 

3 

4 CL z 30 pF 

4 

5 CL - 30pF 

5 
CL· 5 pF 

TEXAS INSTRUMENTS 
INCOHPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75ZZZ 

18 

15 

18 

12 

10 

12 

16 

21 

25 

9 
12 

MAX 

0.85 

-1.2 

OA5 
0.5 

50 

-50 

I 

10 

-1 

-0.75 

-0.25 

-65 

130 

MAX 

27 

25 

27 

20 

20 
20 

25 

35 

40 

20 

20 

UNIT 

V 

V 

V 

V 

V 

,.A 

,.A 

mA 

,.A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

nl 

33 
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TYPES S154S412, SI14S412 (TIMB212) 
MULTI-MODE BUFFERED LATCHES 

DATA INPUT 

STa OR i,·s2 

DATA OUTPUT 

CLEAR INPUT 

DATA OUTPUT 

DATA INPUT 

STBOR 1"52 

DATA OUTPUT 

STROBE 

PARAMETER MEASUREMENT INFORMATION 

2.& V ,.6Vxr------- -- ~'.5V 
____ _ oJ . . '- ___ ov 

~ Iw T- __ -i~ __ _ 
________ '.6~v;f ~~'._6_V ________ _ 
_______ I.-_tp_H_L-.~ r- _____ _ 

_ __ __ _ __ _ __ _ ..J )(~,_.&_V _____ _ 

2.6 V 

OV 

VOH 

FIOURE 1 - STROBE OR SELECT TO DATA OUTPUT 

______ ---. ~ 'wlctrl -.j ~______ 2.11 V 

UV'}_ t·&;.. _____ OV 

_____________ ~~~ __ ~tP~H~L~ 

\,~;- VOH 

FIOURE 2 - CLEAR INPUT TO DATA OUTPUT 

2.5 V 
1.& V X-------- - -~--

..J ., ...... _ _ __ ° V 

~IIU .. ~ Ih .. 

, \. 1.& V - - - - - 2.& V 

~ OV 

------....:...-->f.H~ -- -- - - - - - VOH 
_____ -.J. VOL 

FIOURE 3 - DATA INPUT TO DATA OUTPUT 

t\~&~------
__ -oJ f4 -t Iwl'lbl 

2.6 V 

OV 

INTERRUPT OUTPUT 

FIOURE 4 - STROBE OR SELECT TO INTERRUPT OUTPUT 

1,·5V \1.5~ ---
--~ I I' ov 

2.5V 

-----t IZH I-- --! 1HZ r- r 0.5 V 

DATA OUTPUT ! lr-------,---...,~ 
IHIGHSTOREDI ___ -.,.:_-' -'::v : t 

DATA OUTPUT 
ILOW STOREDI 

--t IZl I.-- --I ILZ !--
I ---------.\1 " 4.5 V I 

.,.5V F CO.IIV 

~-------~ , 
FIOURE 1- SELECT TO DATA OUTPUT 

TEXAS INSTRUMENTS 
IN«()N.f"ORAf£.D 

~O.T O'P"CE 80X IDU • DALL .... , TIXAa 71222 
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TYPES SN14S42B(TIMB22B), SN14S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

BULLETIN NO. DL 57612468. OCTOBER 1976 

• Designed to Be Interchangeable with Intel 8228 
and 8238 

NPACKAGE 
(TOP VIEW) 

.IDI"EC'I(lN~L DA I 10100111 IS 

PIN DESIGNATIONS 

DESIGNATION PIN NOS. FUNCTION 

16, 17, 12, 10, BIDIRECTIONAL DATA PORT 
00 thN D7 

6, 19,21, B (TO TMS BOBOA) 

DBO thN DB7 
13,16,11,9, BIDIRECTIONAL DATA PORT 

5, 18, 20, 7 (TO SYSTEM BUS) 

iiOFi 26 
READ OUTPUT TO 1/0 
(ACTIVE LOW) 

i07W 27 
WRITE OUTPUT TO 1/0 

(ACTIVE LOW) 
IIIIIIMICIIIl"'''~ IIAIAIlUMIl 

M"E'Mii 24 
READ OUTPUT TO MEMORY 
(ACTIVE LOW) 

IDIIle: ••• dlleriplion 

MEMW 26 
WRITE OUTPUT TO MEMORY 

(ACTIVE LOW) 
functional block diagram 

INPUT TO INDICATE 

DBIN 4 TMS BOBOA IS IN INPUT 
MODE (ACTIVE HIGH) 

080 
01 OBI 

TATA 
INTERRUPT ACKNOWLEDGE 

23 
OUTPUT (ACTIVE LOW) 

HOLD ACKNOWLEDGE 

TMS8080A 
DBZ 
DB3 SYSTEM 

110 1/0 
DATA PORT 04 DB4 DATA PORT 

06 DB6 
HLDA 2 INPUT (ACTIVE HIGH) 08 088 

FROM TMS BOBOA 07 087 

INPUT TO INDICATE 

Wl' 3 TMS 8OBOA IS IN WRITE 

MODE (ACTIVE LOW) 
STATUS 111 
STROBE 

SYSTEM DATA PORT 
INPUT 

iUsEN 22 ENABLE INPUT (ACTIVE 

LOW) 

SYNCHRONIZING STATUS 

STSTB 1 STROBE INPUT FROM 
SN74LS424 (TIM8224) 

VCC 28 SUPPLY VOLTAGE (6V) 

GND 14 GROUND vcc • PIN IZI}. GND • PIN 1141 

description 

Thesa monolithic Schottky·clamped TTL systBm controllers are designed spacifically to provide bus·driving and 
peripheral·control capabilitias for interfacing memory and I/O devices with the 8080A in small to medium·large micro· 
computar systems. 

A bidirectional eight·bit parallal bus driver is provided that isolates the B080A bus from the memory and I/O data bus 
allowing the system designed to utilize cost-effective memory and peripheral devices while obtaining the maximum 
efficiency from thB microprocessor. The TTL system drivers also provide increased fan·out with a lower impedance 
that enhances noisa margins on the system bus. 

Implementation of the status latches and control dBcoding array of thB SN74S428/SN74S438 provides for using 
either a single·level interrupt vector RST7 for smBIl systems, or multiple·byte call instructions for systems needing 
unlimited interrupt levels. 

TENTATIVE DATA SHEET 

This document provides umtutive information T I 
on 8 new product. Te.as Instruments reserves EXAS N STRUM ENTS 
the riyht to change specifications for this I"'CONPORATED 
product in any manner without notice. ~O.T O~I'ICI BOX SOU • DALLA •. TIX". 71211 
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TYPES SN74S42B(TlMB22B). SN74S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

description (continued) 

With respect to the system clocks, the SN74S438 is configured to generate an advanced response for I/O or memory 
write output signals to further simplify peripheral control implementation of complex systems. See Figure 3. 

8-bit parrallel bus transceiver 

The 8·bit parallel bus transceiver buffars the 80SOA data bus from the memory and I/O system bus by providing 
one port (DO through 07) to interface with the 8080A and another port (OBO through OB7) to interface with the 
system devices. Tha 8080A side of the transceiver is designed specifically to interfece with the microprocessor datil 
bus ensuring not only that the processor output drive capabilities are adequate, but also that the inputs are driven 
with enhanced noise margins. The systam bus side faatures high fan·out buffers designed to drive a number of system 
devices simultaneously and directly. The system port is rated to sink ten milliamperes of current and to sou rca one 
milliampere of current at standard low·threshold voltage levels. 

Status lines from the 8080A instruction·status decoder and the system bus enable input (BUSEN) provide complete 
transceiver directional and enable control to ensure integrity of both the processor data and the system bus date. 

status latches 

During the beginning of each machine cycle, the six status latches receive status information from the 8080A date 
bus indicating the type of operation that will be performed. When the STffi input goes low, the latches store the 
status data and generate the signals needed to enable and sequence the memory and I/O control outputs. The status 
words and types of machine cycles are enumerated in Table A. 

TABLE A - STATUS WORDS 

8080A 'S428/'sal 
STATUS TYPE OF 

STATUS OUTPUT COMMANO 
WORO MACHINE CYCLE 

00 D1 D2 D3 D4 D6 De D7 GENERATED 
1 L H L L L H L H Instruction fetch ~ 
2 L H L L L L L H Memory reed Me"M'R 
3 L L L L L L L L Memory write ~ 
4 L H H L L L L H Stack reed MEMR 
5 L L H L L L L L Steck write MEMW 
6 L H L L L L H L Input reed i76R 
7 L L L L H L L L Output wri te TiOW 
8 H H L L L H L L Interrupt acknowledge iNTA 
9 L H L H L L L H Helt acknowledge NONE 
10 H H L H L H L L Interrupt acknowledge It halt INTA 

<t ~ :..: ~ l- i "- II: 
I- 0 ~ ~ 2i 
~ ~ -' 0 UI 

X 2i II) 

STATUS INFORMATION 

decoding array 

The decoding array receives enabling commands from the status latches and sequencing commands from the 80SOA 
and generates memory and I/O read/write commands and an interrupt acknowledgement. 

TEXAS INSTRUMENTS 
INCONI'ONATED 

POST O,. ... ICE .ox SOli • DALLA •. T.XAa 71211 



TYPES SN74S42B(TIMB22B), SN74S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BOBOA SYSTEMS 

description (continued) 

The read commands (M"E'MR, 'ii'Q'R) and the interrupt acknowledgement (lNTA) are derived from the status bit(s) 
and 1I1e data bus input mode (OBIN) signal. The write commands (MEMW, iiQW) are derived from the status bit(s) 
and the write mode (WR) signal. (See Table A.) All control commands are active low to simplify interfacing with 
memory and I/O controllers. 

The interrupt acknowledgement (iNTA) command output is actually a dual function pin. As an output, its function 
is to provide the iNTA command to the memory and I/O peripherals as decoded from the status inputs and latches. 
When CALL is used as an interrupt instruction, the SN74S428/SN74S428 generates the proper sequence of control 
signals. Additionally, the terminal includes high·threshold decoding logic that permits it to be biased through a one· 
kilohm series resistor to the 12-volt supply to implement an interrupt structure that automatically inserts an RST7 
instruction on the bus when the DBIN input is active and an interrupt is acknowledged. This capability provides a 
single-level interrupt vector with minimal hardware. 

The asynchronous bus enable (BUSEN) input to the decoding array is a control signal that protects the system bus. 
- The system bus can be accessed and driven from the SN74S428/SN74S428 controller only when the WsEiii input 

is at a low voltage level. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) 
I nput voltage ....... . 
Operating free-air temperature range 
Storage temperature range 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

Supply voltage, Vee 

High·level output currant, IOH 
DO thru 07 

All others 

Low-level output current, IOL 
DO thru 07 

All others 

Status strobe pulse width, twISTSTB) lsee Figure 3) 

Setup time, tsu lsee Figure 3) 
Status inputs DO thru 07 

System bus inputs to HLOA 

Hold time, th Isee Figure 31 
Status inputs DO th ru 07 

System bus inputs to HLOA 

Operating free·air temperature, T A 

TEXAS INSTRUMENTS 
IN(OHP()RATED 

POST OlJ'FICE 80X 5012 • DALLAS, TEXAS 75222 

MIN NOM 

4.75 5 

22 

B 

10 

5 

20 

0 

... 7 V 
7V 

oOe to 700e 
-6Soe to 1SOoe 

MAX UNIT 

5.25 V 
-10 JJA 

-1 mA 

2 
mA 

10 

ns 

ns 

ns 

70 "C I 
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TYPES SN74S428(TIM8228), SN74S438(TIM8238) 
CONTROLLER AND BUS DRIVER FOR 8080A SYSTEMS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VIH High-level input voltage 2 

VIL Low-level input voltage 

VIK Input clamp voltage Vce = MIN, II = -5 mA 

00 thru 07 Vec = MIN, VIH 2 V, 3.6 
VOH High-level output voltage 

All other outputs VIL = O.B V, 10H = MAX 2.4 

VOL Low-level output voltage 
Vee = MIN, VIH-2V, 

VIL=O.BV, !.Q.L = MAX 

IOZH 
Off-state output current, 

Vee = MAX, Va = 5.25 V 
high-level voltage applied 

10ZL 
Off-state output current, 

Vee = MAX, Va =0.45 V 
low~evel voltage applied 

INTA Vee = MIN, See Figure 1 

IIH High-level input currant 00 thru 07 
Vee = MAX, VI=5.25V 

All other inputs 

02 or 06 

IlL LOW-level input current ISTSTB Vee = MAX, VI =0.45 V 

All other inputs 

lOS Short--circuit output current~ Vee = MAX -15 

lee Supply currant Vee = MAX 

tFor conditions shown as MIN or MAX. us. the appropriaTe value specified under recommended operating conditions. 

+AII typical values are lit Vee:. 5 V, T A:' 25"C. 

~ Not more than one output should be shorted 8t a time. 

switching characteristics, Vee = 5 V, T A = 25° C, see figu re 3 

FROM TO 

TYP:j: 

4 

140 

PARAMETER~ 
(lNPUTI (OUTPUTI 

TEST CONDITIONS MIN TYP 

tPD 00 thru 07 OBO thru DB7 

tpo OBO thru OB7 00 thru 07 

ffi'fB iNi'A, TmR,~, 
tPHL 

fTOIii,~ 

tpo WR TTCNV, MEMW 

tpLH OBIN Tl'iITA. TmR~~MR 
tpLH HLOA INTA,I7M, MEMR 

tpZX DBIN DO thru 07 

tPxz OBIN 00 thru 07 

tPzx S1"STS, lJOS"EN OBO thru DB7 

tPxz BUSEl'J OBO thru OB7 

• tp 0 == propagation delay time 

tPHL =: propagation delay time, hisjl-to--Iow-Ievel output 

tPLH .:::= propagation delay time, low-ta-high-I ...... I outPut 

tpZX -= output enable time from high-impedance state 

tpxz == output disable time to high-impedance state 

eL 100 pF, See Figure 2 

eL 25 pF, See Figure 2 

eL = 100 pF, See Figure 2 

eL = 25 pF, See Figure 2 

eL = 100 pF, See Figure 2 

TEXAS INSTRUMENTS 
INCOR~()RATED 

POST O,."ICE 80X SOU • OALLAS. Tf:XA. 75222 

5 

20 

5 

MAX UNIT 

V 

0.8 V 

-1 V 

V 

0.45 V 

100 !"A 

-100 IlA 

5 mA 

20 

100 
IlA 

-750 

-500 IlA 

-250 

-90 mA 

190 mA 

MAX UNIT 

40 ns 

30 ns 

60 ns 

45 ns 

30 ns 

25 ns 

45 ns 

45 ns 

30 ns 

30 ns 



TYPES SN14S428(TIM8228), SN14S438(TIM8238) 
CONTROllER AND BUS DRIVER FOR 8080A SYSTEMS 

PARAMETER MEASUREMENT INFORMATION 

Vee 

't." TOlfm----1 
OUTPUT ....-

" 

Tix ., 
., 

OUTPUT 

UNDER TEST Iel R2 

1·' 
':' ':' 

FIGURE 1-liiiTA INPUT CURRENT 
TEST CIRCUIT 

FIGURE 2-SWITCHING CHARACTERISTICS 
LOAD CIRCUIT 

HLOA INPUT 

IpZX-

IPHL.-I..... : 1.5Vf. 
: I C· .... onlyl ~ '""="" ..... ___ _ 

IIOW OR MEMW rt Ji-
OUTPUT '.5V\l_I~~'~~AI T"'V 

TMSIDIIOA IUS INPUT -----------: ~====~=====~------
OU'IJINQ WRITE I *-, 1.1 V 

DO'MuD7 _________ ~ .-----.J-..:----... 'PO 

SYSTEM BUS OUTPUT 'pzx--t .:; v ~r.=~------------
~::::,..~~~E -----------'~o .. y ",.1 v '";:::::========== 

iUsiN \,.1 V ".1 V 
IM'OT I'-___ ~, 

L' ~3V I IV+-SVSTEMIIUS ______________ -{i ~I I _________ _ 

OUTPUTS I ~D"V !.....!.!! .. 
DIG ttlru DI7 It-.zxtIJ "xz 

Wi INPUT 

NOTE A: Advlneod rl,pon .. of IIOW or MEMW for thl SN74S438 i,lndleltld by thl dl,hld lin •• 

FIGURE 3-VOLTAGE WAVEFORMS 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OF~ICE .ox SOU • DALLA •. TIX .... 71112 

I 
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TYPES SN74S42B(TIMB22B). SN74S43B(TIMB23B) 
CONTROLLER AND BUS DRIVER FOR BDBDA SYSTEMS 

TYPICAL APPLICATION DATA 

Voo (12 V I 

Vee ISV I 

t281 

I 

1181 191 11111 1201 128) 

Vas 1-5V 

Vee VDD VBS Vee VDD Vee 

~ SN74LS42. 1111 122) .' DO 110) 115) DBO ., DO 'S42BI'S43B 
ITIM8224) BOBOA 19) 111) ITIM822BI ~ XTAL 01 01 OBI 

1101 115) epu IB) 112) TlMB23B) 
.2 .2 02 02 082 

03 
11) 1101 03 BIDIRECTIONAL DB3 

113) 04 
13) 16) 

04 .... 084 . TANK CLOCK 14) 119) TRANSCEIYER 
GENERATOR 05 05 DB5 

112) 
DSC DRIVER 06 

15) 121) 
06 DB6 

D7 
16) 181 

01 DB7 

.~ 02 TTL 
151 119) 

SYNe SYNC 1--------

TANK 

ase 

0'2 TTL 
CONTROL 

12) 
RESIN RESET 

11) 1121 
RESET DBIN 

117) 141 
OBIN 

DEC:OOING 
tNTA ........... 

WR liB) 13) WR MEMR 
I~ ADVIN READY 14) 123) 

READY 1211 121 
HLOA HLDA MEMW 122) 

BUSEN IIDR 
STsTa p!!! ~ WAIT 

ButEN rJc STSTS "OW 

RDYIN 

GND GND 

-¥8) -=¥-'41 

AO 
125) 

AI 126) 

A2 
1211 

SYSTEM DMA REQUEST 
113) 

HOLD A3 
129) 

A4 
130) __ 

SYSTEM INTERRUPT REQUEST 
114) 

INT AS 
131) 

A6 
132) __ 

INTERRUPT ENABLE 
1161 

INTE A7 
133) 

A8 
134) 

A9 1351 

Al0 11 

Al1 140) 

A12 131) 

A13 1381 

AI. 1391 

A15 
136) 

Vss 

¥I 

FIGURE 4-5YSTEM INTERFACING WITH CENTRAL PROCESSING UNIT 
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113) 

116) 

11 
19) 

151 

lIB) 

1201 
171 

123) 

124) 

126) 

125) 

121) 

DATA 
BUS 

INTA} MEMii 
MlMW CONTROL 
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I/OR 
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AI 
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TYPEI IN&41482, 11741482 
4-BIT-ILiCE EXPANDABLE CONTROL ELEMENTS 

• 4·Bit Slice is Cascadable to N·Bits 
• Designed Specifically for Microcontrollerl 

Next·Address Generator Functions 
• Increment/Decrement by One (Immediate or 

Direct Symbolic Addressing Modes) 
• Offset, Vector, or Branch (Indexed or Relative 

Addressing Modes) 
• Store Up to Four Returns or Links (Program 

Return Address from Subroutine) 
• Program Start or Initialize (Return to Zero 

or Clear Mode) 
• On·Chip Edge·Triggered Output Register 

(Provides Steady·State Micro·Addressl 
Instruction) 

• High·Density 20·Pin Dual·in·Line Package 
with 300·MiI Row Pin Spacing 

clalcription 

BULLETIN NO. DL-8 76123B4, MARCH 1976 

SNI54S482 • , . J PACKAGE 
SN74S482 , •• J OR N PACKAGE 

ITOP VIEW) 

SEL INPUTI OUTPUTS 

Vee eK ~ eLR~ AO 

positive logic: Se. function table. 

The 'S482 is a high-performance Schottky TTL 4-bit-slice control element for use in any computer/control application 
requiring the coupling of high-performance bipolar speeds with the flexibility of microprogram control and bit-slice 
expandability. When used as a next-address generator, two 'S482 elements can address up to 256 words of 
microprogram; three elements can addresss up to 4096 words of microprogram; or a number of '5482 elements can 
generate N words in multiples of four lines. 

Comprised of an output register, push-pop stack, and a full adder, the 'S482 provides the capability to implement 
multiway testing needed to generate or to determine and select the source of the next function of microprogram 
address. 

functional block diagram 

DATA 
IN 

CARRY INPUT 

I 

ll. + 

r 

4-8IT 
FULL Z:i 

ADDER 

--(' It 
~ 

! 
CARRY 

OUT 

JJ 
51 52 

TENTATIVE DATA SHEET 

CK ... 
i 

i 
t 

I 

"- OJ 4 ~ 
4-

{4} 

~IDE 

(.r 
Qj 4 MUle 

r ~ 
'-WORD "" -- --

I'USH/I'OP -- -- H 
STACK 0 -- -- L 
(FILD) 0 

1 
13M 

Ll •• 
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TYPEI IN141482, IN741482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 

output register and source functions 

The 4-bit edge-triggered register provides a steady-state output throughout each system clock cycle. An asynchronous 
clear extends the multiway testing to directly implement system initialization at ROM address zero. 

Two source-select lines (S5, S6) provide the output register with access to either the current instruction (no change), 
an operand or address stored in the push-pop stack, the output of a four-function full adder, or a direct data-in add res. 
port. The sources and functions are summarized in Tables I and II. 

TABLE I. REGISTER.aOURCE FUNCTIONS 

SELECT 
REGISTER INPUT SOURCE .. II 

L L DATA-IN PORT (011 

L H FULL ADDER OUTPUTS (2:11 

H L PUSH-POP STACK OUTPUTS 1011 

H H REGISTER OUTPUTS (HOLDt 

H • h'lh 'lVII, L. lOW 'IVII 

TABLE II. PUSH.f'OP STACK CONTROL AND REGISTER.aOURCE FUNCTIONS 

HOLD 

CLEAR 

PUSH.f'OP 

STACK 

"HOLD" 

PUSH.f'OP 

STACK 

"LOAD" 

PUSH.f'OP 

STACK 

"POP" 

PUSH.f'OP 

STACK 

"PUSH" 

MSB LSB 
i '"3. 2. 1. 0 
Ai == Oetl Inputs 

sa 
X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

S4 

X 

X 

L 

L 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

INPUTS .. II CLOCK 

X X L 

X X X 

L L t 

L H t 

H L t 

H H t 

L L t 

L H t 

H L t 
H H t 

L L t 

L H t 
H L t 

H H t 

L L t 

L H t 
H L t 
H H t 

QIA == Pu.h-pop stick word A output (Interne I) 
alAO = tho lovel of 01 bofo,o tho Indicated 

'npU1l condltlonlWlrl .Iblilhed. 

INTERNAL OUTPUTS 

CLEAR OiA Fi 

H QiAO FlO 

L QIAO L 

H QIAO· 01 

H QIAO· EI 

H QIAO· QIAO 

H QIAO· FiO 

H 2:1· Oi 

H EI· Ei 

H EI· QiAO 

H EI· FlO 

H QIBO 01 

H QiBOt Ei 

H QIBOt QiAO 

H OlBOt FiO 

H Eii 01 

H Eli Ei 

H Eli QIAO 

H Eli FiO 

F I = Civic. outputs 
FlO ~th. livel of Fi before thllndlclted Input 

conditions Wire .tt.bll,heel. 
1:1= Addo, outpuU (lnto,nlll 
-alB, ale, aiD do not ching. 
'0100 - 010. 0100 - alc. aiCO - 018, alBO - aiA 
ialAO - aiB. alBO - alC, alco - 010 

TEXAS INSTRUMENTS 
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TYPEI IN&41412, IN741412 
4-BIT-ILiCE EXPANDABLE CONTROL ELEMENTS 

push-pop stack control 

The 4·word push·pop stack can be used for nesting up to four levels of program or raturn (link) addrasses. In the load 
mode, the first (top) word is filled with new data from the output of the full adder,and no push occurs meaning that 
previous data at that location is lost. However, all other word locations in the push·pop stack remain unchanged. In the 
push mode, the new word is again enterad in the first (top) location; however, previous data residing in the top three 
words are pushed down onl word location and ratained at their new locations. The bottom word is written over and 
lost. 

In the pop mode, words in the push·pop stack move up one location on eech clock transition. A unique function is 
provided by the bottom (fourth) register as its content is retained during the pop mode, and after 3 clock transitions, 
all words in the stack are filled with the operand/addressthlt occupied thl bottom register. 

The operand/address will remain available indefinitely if stick functions ara limited to the pop or hold modes. 

The push.pop stack functions are shown in Tables II and III. 

TABLE III. PUlH4tOP STACK FUNCTIONI 

FUNCTION 
IEL. REG. REG. REG. REG. 

S3 S4 D C 8 A 
+-

BITO LOAD L H 0100 oleo OIBO 
J:i 

+- <- <- <-
PUSH H H 

oleo OIBO OIAO J:I 
BIT 1 

..,~ ~ ~ ~ 

POP H L 
0100 aiDa oleo alBa 

BIT2 

BIT 3 HOLD L L 0100 oleo alBa OIAO 

full adder 

The four·function full adder is controllable from select inputs 51 and 52 to perform: 

A or B incrementation, or decrementation of B 

Unconditional jumps or relative offsets 

No change 

Return to zero or one 

INPUTI 

OUTPUT 

J:IIN 

J:IIN 

alA OUT 

alA OUT 

Incrementation can be implemented by forcing a carry (high) into the ALU.ln this mode either of the following options 
are possible: 

1. Increment (A plus zero plus carry) 

2. Increment B (zero plus B plus carry). or decrement B (all highs at A then A plus B with carry input low and 
disragard, don't use, carry out) 

3. Increment the jump or offset (A plus B plus carry) 

TEXAS INSTRUMENTS 
'''CONPORATED 

~O.T O~PIC • • ox lau • DALLA., TIM •• ""11 
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TYPES SN&4S482, SN74S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMENTS 

full adder (continued) 

4. Start at zero or one and increment on each clock (select zero plus zero plus carry, then select zero plus B 
plus carry), or set register to N and decrement B (see 2 above). 

5. No change (carry input is always active and removal of carry combined with either the ALU or register hold 
mode will retain the current address). 

Unconditional jumps can be implemented by applying and selecting the jump directly from the data inputs to the 
output register. Offset can be accomplished by summing the output register with the offset magnitude (A plus B) with 
carry low. 

The ALU functions are shown in Table IV. 

TABLE IV. ADDRESS CONTROL FUNCTIONS 

INPUTS INTERNAL 

S1 S2 1:i 

H H o PLUS 0 PLUS C·in 

H L o PLUS Bi PLUS C·in 

L H Ai PLUS 0 PLUS C';n 

L L Ai PLUS Bi PLUS C';n 

compound generator functions 

As the function-select lines of the register sources, push·pop stack, and adder are independent, compound functions can 
be selected to occur on the next clock transition. 

Subroutine branches and returns can be simplified by saving the return or link addresses in the push·pop stack. This 
branch-and·seve function can be accomplished on the same clock time as follows: 

DATA·IN 

Branch addre. 

ADDER 

Zero plus B plus one 

(S1 • H, S2 • LI 

PUSH.pOP STACK 

Push 

(S3·S4~HI 

Up to four branches can be made with the return stored in the 4·word push·pop stack. 

REGISTER SOURCE 

Data·in 

(S5· sa· LI 

absolute maximum ratings over operating free-air temperature (unless otherwise noted) 

Supply voltage, Vee (see Note 1) . 7V 
5.5V 
5.5V 

I nput voltage . . . . . . . 
Off·state output voltage 
Operating free-air temperature range: SN54S482 

SN74S482 
Storage temperature range. . . . 

NOTE 1. All VOlt .. value •• r. with re..,ect to network ground termlnel, 

TEXAS)NSTRUMENTS 
.",COHPORATEO 

POST O~FICE .OX 5012 • DALLAS. TEXA. 75222 

· -55°C to 125°C 
· . oOe to 70°C 
· -6SoC to lS00e 
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TYPES SN&4S482, SI14S482 
4-BIT-SLICE EXPANDABLE CONTROL ELEMEITS 

recommended operating conditions 

SNIi4S482 SN74S482 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply Wlitelll, Vee 4.5 5 5.5 4.75 5 5.25 V 

Carry output -1 -1 
Hlgh-lewl output current, 10H mA 

Any F output -2 -2 

Carry output 10 10 
Low-lewl output current, 10L mA 

Any F output 16 16 

Data';n, 55, 56 ot ot 

Data';n via adder 20t 15t 

SetUP time, till 51,52 40t 30t ns 

53,54 20t 15t 

Cleer-inactive state ot ot 

Pulse Width, tv. 
Clock (high or low) 50 30 

Clear (low) 15 
ns 

15 

Clock input rise time, tr 50 50 ns 

Data';n, 55, 56 30t 25t 

Hold time, th 
Data';n via adder 15t lOt 

15t lOt 
ns 

51,52 

53,54 25t 20t 

Operating f ...... ir tamperature, T A -55 125 0 25 70 °c 

t The .rrow Indicatel thlt the riling Idge of the clock pul. il uMd for referlnce. 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
SNIi4S482 5N74S482 

MIN TVP' MAX MIN 

VIH High-level input voltage 2 2 

VIL Low-Ieval input voltage 0.8 

VIK Input clamp voltage VCC = MIN, 11--18mA -1.2 

VOH High-level output voltage 
VCC = MIN, VIH -2 V, 

2.5 3.4 2.7 
VIL -0.8 V, 10H-MAX 

VOL Low-level output voltage 
VCC· MIN, VIH-2V, 

0.5 
VIL = 0.8 V, 10L-MAX 

II I nput current at maximum input voltage Vee-MAX, V = 5.5 V 1 

51,52, Cin 50 

IIH 
High-lewl 53, 54, 55, 56, clock 100 

input current Clear 
VCC- MAX, VI = 2.7 V 

250 
Any A 150 

51,52 -1 
C';n -0.8 

Low-lewl 53,54 -1.2 
IlL 

Input current Any A, 55, 56, CK 
VCC-MAX, VI-O.5V 

-2 
Clear -4 
Clock -2.8 

105 Short-circuit output current§ VCC-MAX -40 -110 -40 

ICC Supply current VCC· MAX 90 130 

tFor condition, shown .1 MIN or MAX, u .. the appropriate VIIUltplClfled under recommended operating conditions. 

'All typical valu •• ara at VCC - S V, T A • 2SoC. 
§ Not more then one output should be shorted at I tim •• 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFII'ICE 80X 5DU • DALLAS. TEXA. 75222 

TVP' MAX 

0.8 

-1.2 

3.4 

0.5 

1 

50 

100 

250 

150 

-1 

-0.8 

-1.2 

-2 

-4 

-2.8 

-110 

90 140 

UNIT 

V 

V 

V 

V 

V 

mA 

iJA 

mA 

mA 

mA 
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TYPEI IN&41412, SN74S412 
4-BIT-ILiCE EXPANDABLE CONTROL ELEMENTS 

switching characteristics over recommended operating ranges of T A and Vee (unless otherwise noted) 

PARAMETER FROM TO TEST CONDITIONS 

tPLH CLOCK DATA OUT 
tPHL 

tPHL CLEAR DATA OUT 

tPLH 
CL-15pF. 

CARRVIN CARRVOUT RL - 280n 
tPHL 

tPLH DATA IN CARRVOUT 
tPHL 

*Alltyplc.lv.lu ••• r •• t VCC - 6 V. TA - 2S"C. 

TEXAS INSTRUMENTS 
I"COHPORATED 

~.T oPPle •• ox 8D12 • DALLA., Tlx ... e 7.211 

SN54S482 SN74S482 

MIN Tvpf MAX MIN TVpf MAX 
UNIT 

12 30 12 25 
15 30 15 25 

nl 

12 25 12 20 nl 
12 22 12 18 

10 22 10 18 
AI 

17 30 17 2& 
12 30 12 2& 

nl 

'.'''IID '" u.s A 3.,. 

TEXAS INSTRUMENTS RESERVES THE lIGHT TO MAlE (/fIE If .. , ,. 
IN OIDEI TO IMPIOVE DESIGN AND TO SUPPI' THE 1m PIODUO fOHIal. 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

J ceramic dual-in-line package 

These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a 14-, 16-, 20-, or 24-lead 
frame_ Hermetic sealing is accomplished with glass_ The packages are intended for insertion in mounting-hole rows on 
0_300 (7,62) or 0_600 (15,24) centers_ Once the leads are compressed and inserted, sufficient tension is provided to 
secure the package in the board during soldering_ Tin-plated ("bright-dipped") leads (-00) require 

no additional cleaning or processing when used in soldered assembly_ 

16-PIN J CERAMIC 

tJ~:;~' -, r oO:~:~~:~'NOM 

fI\OSO • SEATING PLANE o. 

W 
16 PLACES 

J\..-:'~: ::::~: 
16 PLACES 

0000@@00 1 r 007011,181 MAX 16 PLACES 

o 2r::~'''' II JV r ,Q ~ 0 R SE'!.~~~T 
l ro.02M_o'~_'SI_'_f __ -l )1 -.j .)( 'I 0030 '0.7"MIN U L I 12 PLACES 

o '::~3.301 I U jl!.... 0 02310,S841 16 PLACES 
,.-l l ~o 01510.3811 

0012 (0,3041 MIN I 
4PlACES 1 

PIN SPACING 0.10012.541 T.P. ~:~~ :~:~: 4 PLACES 
ISee NDteb) 

.For memories of 64 bits and up anc a few MSI/LSI products in Series 54/74 and Series 545/745 that 

are derived from memory circuit bars, this maximum is 0.300 (7,62). All other dimensions apply 

without modification. 

2()'PIN J CERAMIC 

r 0.975 (24,77) I 
0.130 123,121 • 

'_.A .. ~{~!!~~~~~j 
ts';~~ 0000®00®®@ 
1 006011,Z71NOM O.O~I~511 

It!\-_SEATING PLANE t 02r:~~081 r;;;;;~~~;:;;;;;;;~;;;~ S~.!"~T 
~ 0 130 13,301 t '~ I~f+--++-+II--" 0.030 {O,7SI MIN 

20PLACES M _'rN ______ L lfiPLACES 

...J.\.-0.01.10 .... ' f ..J U 
0.008 10,2031 0.01: ;~~IS MIN I :::!: ::::: 20 PLACES 

~:: ~~::: 4 PLACES 

PIN SPACING 0.100 12,541 T. P. 
IS. Note bl 

TEXAS INSTRUMENTS 
INCORPORATED 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

J ceramic dual-in-line packages (continued) 

'l 'l 

0.025 10.631 A 
NOM 

24-PlN J CERAMIC 

1.290132,771 
1.236131,351 ~ 

@@)@@@@@)@@)@>®@ 

~ -~'~ ~ 000@®@0@@@®@ I ~ - 115,24' 0.28' 0.5&0 114,221 'Ir l' 0515113,09) 00751191, 
I • O~DI1.27INOM fO oso 11,271 0070 11.78'MAK 24PLACES-r-1 t II ~\ GLASSS'ALAN: I ~' ~~~::,:~ 

, SEATING PLANE. I " 
~ Z4PlACES 007011,781 I • 

.,l. ~ II I " 0160(4,07) 24PlACES 

(:::~,' :.:~l ~ 0.01a· 0.002 ~ I- I I 0.02810.711 MIN-l ~ I I 0 ~~21~1:'~71 
24 PLACES 10,457 0.0511 ~.j 24 PLACES ~ .. 0:01011:521 .PLACES 

24 PLACES 1 
PIN SPACING 0.100 12,141 T ,P. 

tS-Not.b) 

Fill, within JEDEC MO·015AA dimenslonl 

NOTES: .0 All dimensions are shown in inches (and parenthetically In millimeter. for raference only). Inch dimen,lonl gove,n. 
b. each pin centerline is located within 0.010 (0,26) of its true longitudinal position. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST O"'P"ICE IIOX 5012 • D ... LL ..... TI!XA. 71222 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

N plastic dual-in-line packages 

These dual·in·line packages consist of a circuit mounted on a 14·, 16',20·, or 28·lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deforma· 
tion and circuit performance characteristics remain stable when operated in high·humidity conditions. The packages are 
intended for insertion in mounting hole rows on 0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no addi· 
tionel cleaning or processing when used in soldered assembly. 

l8·PIN N PLASTIC 

~0."01"'" MAX ~ 

'i.1--------f.'I. O~:':':~:O O~~~;~~ N=~1: VV:V;: I 
t 11,31 ' 0.211 1":\ 1":\ 1':\1":\ 1":'\ t7\ ...I 0.010 1'.03' NOM I ,,!oil..!,! \.V\!I ~ 0 • I ....L -j t-' 0 070 11.771 MAX 11 PLACES 

r-.-'II==.r= -T -0'0'010''''~1 
"0 010 10.211 NOM a.aGO II,DlI MAX ~ 

~ -IEATING PLANE . • 

~ II .. ~ 003310.131 MIN 
..,. PLACes PI~ I • "PLACE' 

"-'l'"" 001 0.003 L ~ ~~ 0011' 0003 
IO;2'':~A~:~" 0 12113.171 MIN 10,417 ' 0,0111 

, ... Not .. c Met dl °0 .. 01101" 1'0'.:11,-- 1. !'LACES 
~I-- 'IN SPACINO 0.100 12,141 T,P, , ... Not" c .... d dl 

PICk ... contllu'n~ of 
,.."." N peak. ( _ 

_ """live .......... ' .. 

.t 1M option of TI. 

~ ____ ~0.300' 0.010 

17,12 • O.ZI' 

• PLACES , ... No" bl 

AL TE"NAT! IIDE VIEW 

, .M'U"~"·"'· .. 'r-' 
0.'00 16 .• ' MAX L {\ ~ 

, .~ ~~ f .~~".'" 12 PLACES 

0.121 13.171 MIN L~ -l1-0.01.'0.003 
(0."S7 • 0,016' 

0.011 IZ, .. ¥..... l' PLACES 
0.01& (0.311 PIN "ACING 0.100 12,141 T.p,ISM Not .. c anddl 
.. 'LACES ISet Note bl 

2Q·PIN N PLASTIC 

~----1.0701'7.111"AX:-----eoI 

®@@@@@@@)@)@I 

7~~~::=i:::::::: I 
000000000@ 

., .L =to'* 10.203' NOM --I t-- 0.070 11.771 MAX .HLACEI 

-.:~ .. ~'"~ , -~"~ 
a -.",~.- '-T~ LJ-l oc , ~ !--0.033 10.13' MIN 

...... 20 PLACES 
~20 PLACES _ . 

0.011 • 0.003 0.11113 10, ..j I--- 0.018 , 0.003 41~ ;0 .• 78' 0.071' 0.12113.171 L I I 10,457' 0.011) 
IS. Not. ~ IS. Notr.. 

elN d) 0,0'1111,'11 PIN "'ACING 0.100 12,14) T.P. c.nd dl 
MAX ,SelNottbl 

• PLACES 

TEXAS INSTRUMENTS 
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nL INTEGRATED CIRCUITS MECHANICAL DATA 

N plastic dual·in·line packages (continued) 

24-PIN N PLASTIC 

~ ........ ,. l 
10-- " •. 2" 21, ~ 

0." 12.031 NOM 

, .'~J::."~I 
H U.01010.2IINOM 'j rO,07DI1,77IMAxa4PLACES 

-rr-r ~' ~.-r L- 0.200 11,011 MAX 

-SEATINOPLANE..-- -Ij 
~ 24 PLACES 0.020 10,111 MIN 

0.011 . 0.003 .-1.1*"" II " 0,03310.131 MIN I - 0.12113171 MIN 
(0.27. I 0,0711 .J 24 PLACES ; I" 24 PLACES 

'.IILACES 0.01' ' 0,003 ..... J..- 0.01112,421 MAX"" ~ 
,III N .... c 1M III 10.4'7 . 0,071' .. --, .. 'LACES 

2. PLACES PIN SPACING 0.100 12.M' ',P, 
IS. No'" c Ind dl IS. NOli bl 

2II·PlN N PLAIT'C 

!'------,.UOIJl.IIMAX------l 
~-, ---@ 

---~-r -'- 0._ 11.011 MAX 

-II ... '.NO'LANE-r- O.t2l13,n1MIN 1·r~:';;::::: •• ", ... ,: J L ~I '.'''''''''M'. 
CUI' 0,011 "NUACINOO,tOO 12,W' T.', ~ 0._10.010 

t ... Noll bl n,I7 • O.IU 
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NOTES: .0 All dlmenllon,.r. shown In Inch •• (and par,nthetlcally In millimeter. for reference only), Inch dimenllonl govern. 
b, each pin centerline II located within 0.010 (0,26) of Itl true longitudinal pOlltlon. 
c. Thll dlmenllon doe. not .Pp~V for SOlder-dipped 'e.d •. 

d. When lolder·dlpped leadl are Ipeclfled, dipped ere. of the le.d e.t.ndl from the ,e.d tip tD at ' ••• t 0.020 (0.501 abave the 
.. etlng plen •. 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 

W ceramic flat package 

These hermetically sealed flat packages consist of an electrically nonconductive ceramic base and cap, and a 14-, 16-, or 
24-lead frame. Hermetic sealing is accomplished with glass. Tin·plated ("bright-dipped") leads (-00) require no 
additional cleanin!l or processinq when used in soldered assembly. 

~-.. 
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::::!:'" .. 

16 PIN W CERAMIC 

@@@)@@)@)@)(!)'IIIG'WII' 
I.'LACII 

's-""",IJ IS-

~ ~:~:r·"· 

O.M.I .•• 
i'iiiiTfii 

00,"", .. , 

0.,1011, - .. - O.O~~:::' 

0000®®Q)(!) 
Falls within JEDEC MO·004AG Dimensions 

241 PIN W CE RAMie 

0_1,. 
:::~ol~' I -

, 

.. ~.! 

I. 

... J': I 

,I il ll I 
.J U u U 

_-I_"U,T' r n ... ACIl 

I 

NOTES: a, All dimensions are shown in inches (and parenthetically in millimeters for reference only)' Inch dimensions govern. 

b. Index point is provided on cap for terminal identification onlv. 

C, Leads are within 0.005 (0,13) radius of true position (T.P.) at maximum matarial condition. 

d. This dimension determine' a zone within which all body and lead irregularities lie. 

e. Not applicable for solder·dipped ' •• ds. 

f. When solder-dipped leads are specified. dipped erea extends from lead tip to within 0.050 (1,27) of package body. 

g. End configuration of 24-pin package is at the OPtion of TI. 
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